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PREFACE TO THE SECOND EDITION

The economic and other developments of the past few years have 
caused an increased interest in business statistics, and they have like
wise caused new problems to arise .in the application of statisti
cal methods. In view of these conditions, this book on business statistics 
has been revised with the objective o  ̂bringing it more nearly in line with 
current business needs. The point of view throughout the revision is 
the same as that in the first edition, viz., that of the business man, who 
judges the value of statistics according to their usefulness in securing 
practical results.

The book has been expanded particularly with regard to machine 
tabulation, index numbers, and the analysis of business cycles and long
time trends, and a chapter has been added on the normal curve and the 
problem of sampling. The illustrative material has been brought up to 
date where feasible, and new illustrations have been added where neces
sary. I t  was found advisable in a number of instances to retain illustra
tions from the period before 1930 for the reason that they are believed 
to be more representative of practical procedure for normal times than 
illustrations from later periods. In a number of instances, adapted 
charts from the first edition have been redrawn as of more recent dates.

The arrangement has been reorganized somewhat with the objective 
of better bridging the gap that so often exists between statistical methods 
and practical business problems. The material is still organized into 
two major parts, but they are not separated by a definite break. In 
the first part of the book the emphasis is placed upon studying the 
statistical methods that the authors and their associates have found to 
be useful in analyzing business problems. Typical problems and cases 
are freely employed to illustrate these methods and their uses. Then, 
in the later part of the book, the approach is deliberately changed, and 
the emphasis is placed upon solving practical problems as they actually 
occur in business, using as tools whatever technical methods or combina
tion of methods may be necessary. T hat is, the study is centered upon 
the type of work that the statistician is called upon to do in actual prac
tice, such as business forecasting, budgeting, production control, time 
and motion study, marketing analysis, real estate analysis, investment 
analysis, banking problems, and executive control.

For valuable assistance in revising material dealing with highly 
technical and specialized fields, the authors wish to express their apprecia-
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tion to Theodore 0 . Yntema, Frank M. Weida, Wilford White, Woodlief 
Thomas, Albert H. Mowbray, Ada Lillian Bush, Jesse M. Cutts, G. I. 
Butterbaugh, and Walter G. Keim. Other valuable assistance for which 
the authors are very grateful was furnished by Arthur B. Fridinger, 
Esther K. Thompson, C. Howard Hunt, and Thomas B. Lewis.

Comments and suggestions from teachers, students, practicing 
statisticians, and others will be welcomed by the authors.

J o h n  R . R ig g l e m a n .
W a s h i n g t o n , D. C.

I r a  N. F r is b e e .
B e v e r l y  H i l l s ,  C a l i f .  

October, 1938.

PREFACE TO THE FIRST EDITION

This book has been written in the hope that it may encourage and 
assist in a more general use of statistical methods in business. It is 
intended primarily for use as a textbook in university and college courses 
in business statistics, especially in those which emphasize the actual 
application of statistics to business problems. I t  is the aim throughout 
the book to introduce the subject to future business men and women in 
such a way that they will appreciate the usefulness of statistical methods 
and employ them in their practical problems when they have entered 
upon their business careers. The book is designed to be of service also to 
practical business men who are interested in applying statistical methods 
to their problems.

If the objective of a course in business statistics is to train future 
business men to use statistics in making better analyses of their problems 
than they could without them, it is necessary to decide whether the course 
should be given from the point of view of the business man or from the 
point of view of the statistician. Since but few students in introductory 
courses in business statistics expect to become professional statisticians, 
it is thought best to emphasize the point of view of the business man who 
is to use the results of statistical work, rather than the point of view of the 
statistician. This approach should make a practical appeal to those who 
expect to go into business, without losing the interest of those who expect 
to become professional statisticians. Throughout the present text, the 
emphasis has been placed upon the point of view of the business man.

Experience in dealing with those who have had university courses 
in business or economic statistics has led the authors to believe that, in 
elementary courses, greater emphasis should be placed upon the practical 
usefulness of statistics. A knowledge of technical statistical methods 
is not sufficient in solving business problems. Solutions to these problems 
cannot be worked out with the mathematical exactness and precision of 
technical methods. Instead, the methods must be chosen with care, 
and they must be applied as aids in analyzing and solving problems 
rather than as complete solutions in themselves.

I t is necessary, however, to begin the study from the point of view of 
technique in order to provide the working tools tha t are necessary in
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statistical analyses. The first part of the course should include the 
technical methods used in the collection of data, tabulation, graphic 
presentation, frequency and other distributions, averages, index numbers, 
dispersion, correlation, and time series analysis with special emphasis on 
basic trends, seasonal variation, business cycles, and erratic movements. 
But in the last half or third of the course, the authors believe that the 
point of view should be changed to one in which the object is to consider 
business problems in which statistical methods are used. In this latter 
part, problems of business forecasting, budgeting, production control, 
marketing analysis, real estate analysis, investment analysis, banking 
statistics, management reports, and executive control systems may be 
considered. Thus, according to this plan, in the early part of the course 
the emphasis should be placed upon the necessary technical methods, 
using business problems as illustrations; in the second part of the course, 
the point of view should be directly changed and the emphasis placed 
upon solving practical problems, using the statistical methods as tools 
when necessary.

The foregoing plan has been carefully followed in developing the 
present textbook. The book is divided into two major parts. Part I is 
an introduction to statistical methods which the authors and their asso
ciates have found to be practical in analyzing business problems. Part II 
introduces the student to a number of specialized fields of practical 
application.

The object of the specialized chapters in Part I I  is not so much to 
teach the student the details of the various surveys and analyses as it is 
to indicate the general scope of the procedure in different kinds of investi
gations. I t  is impossible in the space tha t can be given in a general 
textbook to teach any great amount of technique in connection with 
the various specialized fields; in fact very highly specialized statistical 
procedure is found in some of these fields.

Part II  contains much material that is not strictly statistical. This 
has been included deliberately, however, for the purpose of providing 
the necessary background. Although the chapters in Part II  are some
what interrelated, it is feasible to rearrange them if the instructor so 
desires. In courses where there is not sufficient time to cover the 
entire second part, it may be desirable to permit the individual 
student to select the chapters in which he is most interested. The fact 
should not be overlooked, however, tha t as a rule the business executive 
finds it im portant to know something of the possibilities of statistical 
investigation and analysis in all the fields included in the scope of the 
present work.

For the particular purpose previously discussed, this book represents 
an effort to bring together from many sources sufficient material to pro

P R E F A C E  TO T H E  F IR S T  E D IT IO N ix

vide a practical foundation for a course in business statistics. I he 
authors are greatly indebted to statistical textbooks and other publica
tions of previous writers, and they have quoted freely from many 
sources.

In making their acknowledgments the authors should first express 
their indebtedness to M. C. Rorty, who read the entire manuscript, made 
many valuable suggestions, and furnished an introduction to the volume.

In connection with the planning and the early part of the preparation 
of the book, the authors wish to express their appreciation of suggestions 
made in the writings and statements of Leonard P. Ayres, and to acknowl
edge the influence of the teachings and writings of John M. Gries and 
Edmund E. Day.

Deep appreciation should also be expressed to George J. Eberle, who 
furnished many of the ideas used in the book, and to I  loyd F. Burtchett 
and John C. Clendenin, who contributed several chapters to the pre
liminary mimeographed edition. Special appreciation should also be 
expressed for the great amount of work contributed by Lewis A. Maverick, 
Bradford B. Smith, and William F. French, who read the entire manu
script and made many valuable suggestions.

In a book that deals with so many rapidly developing and highly 
specialized fields, it is obvious that the only way to check the material 
and bring it up to date in accordance with the most approved ideas is 
to obtain help from the experts in these specialized fields. For valuable 
assistance in this connection, the authors are indebted to Ray B. Wester- 
field, Joseph H. Barber, Frederick C. Mills, L. M. Gilbreth, Irving 
Fisher, Frank M. Surface, A. L. Bush, John W. Riegel, Royal Meeker, 
John H. Cover, Frederick M. Babcock, Garfield V. Cox, Joseph L. 
Snider, Rufus S. Tucker, John M. Rae, C. Melvin McCuen, and Horace 
Secrist.

Other valuable suggestions and assistance in preparing and checking 
the manuscript and drawings for which the authors are very grateful were 
furnished by Paul Dodd, Robinson Newcomb, Arthur B. Fridinger, 
Gretchen Wells, Lloyd Rogers, and Anne S. Boyd.

The authors also wish to express appreciation to the publishers 
of books and magazines who have so liberally granted permission to use 
material from their publications. The authors are particularly indebted 
for permission to use material from “ Management’s Handbook.

Although the authors have endeavored to give full credit for all quota
tions, data, or ideas, it is impossible to acknowledge adequately a t this 
point all the assistance that has been received. In many instances, 
further acknowledgments are made in the footnotes. It has been neces
sary to conceal the identity of the sources of some of the illustrations 
because of the confidential nature of the data presented.
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While any merit that the present book may have may be due largely 
to the efforts and assistance contributed by contemporary statisticians 
and investigators, the authors alone are responsible for any errors or mis
statements that may appear. Corrections or criticisms will be welcomed 
by the authors, and any suggestions regarding topics that should be 
omitted or added will be especially appreciated.

J o h n  R . R ig g l e m a n .
W a s h i n g t o n , D .  C .

I ra  N . F r is b e e .
B e v e r l y  H i l l s , C a l i f . 

January, 1932.
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BUSINESS STATISTICS
CHAPTER I 

STATISTICS IN BUSINESS

As competition increases and as business becomes more complex, it 
becomes increasingly important that the business man be equipped to 
analyze his problems with greater skill and accuracy. The ability to 
make skillful analyses of the problems in business can be developed by 
training; and it is for the purpose of contributing to this training tha t our 
university schools of commerce and business administration commonly 
require courses in business statistics. Although these courses in business 
statistics are relatively new, the value of special training in analysis has 
long been evidenced in the field of business. For instance, many of the 
most successful business men have been trained as lawyers or engineers. 
The training which they had in making careful analyses of specific 
problems, after gathering as many definite facts as possible, is commonly 
manifested in the thoroughness with which they analyze business prob
lems later on. If business is to become a profession, careful analysis of 
definite facts must supersede much of the guess-work, which is now so 
common.

In the past, some business men have been successful because of 
superior energy, some because of sheer luck, and some because of the 
really careful analyses to which they subjected their problems. With the 
increasing competition, however, it will become relatively more essential 
that decisions shall be based upon accurate analyses of definite facts, 
rather than upon snap judgments and loose opinions. The primary 
purpose of statistical analysis in business is to make possible the use of 
definite facts where they apply and when they can be determined, and to 
permit personal or group judgment to be used when intangible factors 
must be balanced. All statistical analysis in business must aim at the 
control of action. The possible conclusions are:

1. Certain action must be taken.
2. No action is required.
3. Certain tendencies must be watched.
4. The analysis is not significant and either (a) certain further facts 

are required, or (b) there are no indications that further facts should be 
obtained.

1
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In order to make the necessary investigations, to analyze the material 
gathered, and to draw sound conclusions, it is necessary that one have 
some knowledge of statistical methods and some experience in statistical 
analysis. I t  is the purpose of this book to describe the more important 
statistical methods and to show their practical application in 
business.

Application of Statistics in Business.—Much of the waste in busi
ness is due to lack of information. And when the information is avail
able, waste often occurs because of lack of application or because of 
misapplication.

Sometimes the problem is principally one of securing the information, 
and the application may be relatively simple. For instance, a certain 
chain-store manager determines what a location is worth by the following 
method: From previous statistical surveys, he knows that, in his partic
ular business, of the women passing his stores, 14 per cent will enter, 6 per 
cent will buy, and the average purchase will be 60 cents. He also knows 
that he can afford to pay 5 per cent of his annual sales for rent. He then 
counts the pedestrians passing a prospective location and, knowing the 
number of shopping days, determines the probable annual volume of 
sales. Five per cent of this figure is the amount that he can afford to pay 
for the location in yearly rentals. Of course, not all location problems 
can be solved as easily as this one, but the principle of the systematic 
approach and development is common to all.

In other instances, the problem may be principally one of application 
of information that is already available. Much of the work in business 
statistics might be called “ the application of common sense.” Yet 
business men often tend to be slaves to customs and fetishes, and they 
will cling to erroneous ideas because the crowd believes them to be true, 
when a careful consideration of a few simple and easily available figures 
would save them thousands of dollars. I t  does not seem reasonable that 
anyone would buy a house for investment, in a period of inflation, for 
$7,000 and rent it for $50 per month if it costs about $90 per month 
to cover interest, taxes, special assessments, depreciation, maintenance, 
insurance, vacancies, and management. Yet this was a common 
occurrence in certain localities during the boom years of the 1920’s, and 
the buyer learned through costly experience what he could have deter
mined at practically no expense by considering facts instead of loose 
opinions and fanciful ideas.

The application of statistics in a number of business fields will be 
discussed in some detail in the closing chapters of this book, but certain 
of the fields will now be considered briefly in order to introduce further 
the practical uses of statistics before taking up the study of technical 
methods.
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Forecasting Business Conditions.—Bankers, manufacturers, mer
chants, and other business men must constantly consider future business 
prospects. In other words, they must forecast business conditions when 
they have to answer such questions as these: Should production be 
increased? Should inventories be accumulated? Should a loan be 
paid or renewed? Is it safe to extend more credit? Should building 
construction be delayed? Should wages be raised? Is the market 
sound? Is the investment safe? Are sales quotas fair? Should 
new lines of merchandise be added? Even where specific forecasting 
is not possible, a proper statistical analysis will indicate the plans that 
should be made in anticipation of booms and depressions.

Business executives must formulate their policies in accordance with 
the conditions that they expect to encounter later. If they err in 
judgment, they often sustain losses, and sometimes these losses prove 
disastrous to the business. When considering future policies, the 
business man should make a careful analysis of internal conditions (those 
within his business and over which he has control), as well as a thorough 
analysis of external conditions (those outside his business and over which 
he ordinarily has no control). External statistics usually are gathered 
and analyzed by trade associations, trade papers, economic services, 
government departments, and other agencies, and, unless the information 
is too highly specialized, sufficient information regarding external 
conditions may usually be obtained from these sources. 1 he better the 
understanding which the executive has of both internal and external 
statistics, the better he can apply them in determining the outlook in 
his business.

The practical value of statistical work as a basis for determining 
business policies has been proved by the experiences of some of our more 
progressive business concerns. The American Telephone and Telegraph 
Company definitely plans its business on the basis of its statistical 
analyses. The Dennison Manufacturing Company, by being careful 
not to overexpand during periods of prosperity, is able to enjoy good 
business during periods of depression. The American Radiator and 
Standard Sanitary Corporation deliberately takes advantage of the busi
ness cycle, laying in inventories and expanding during slumps, and 
liquidating during the high prices of a period of prosperity. The 
Walworth Company bases its policies upon its statistical studies of 
conditions, and decides when to accelerate or retard buying, selling, 
manufacturing, and other operations on the basis of its own special 
statistical analyses. The uses of statistics by many other concerns will 
be discussed from time to time throughout the remainder of this book.

Not only are individual concerns making greater and greater use of 
statistics in determining their policies regarding the future, but coopera



tive effort in both the collection and application of statistical data is 
increasing rapidly in importance.

Statistics in Manufacturing.—“ Why are our costs higher than those 
of our competitor? “ Is our efficiency lower in general, or have we some
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special disadvantage which may be corrected?” It is obvious that 
analyses based upon actual records of production and operation will be 
of utmost value in definitely determining the answers to such questions 
(Exhibit 1).

Statistics of labor conditions in a factory may include records of 
production by each laborer and by each group of laborers. These

E x h i b i t  1. Statistical records used by the W estern E lectric Com pany in the
production and costs.

control of
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records are compared with standards which have been established from 
time studies or past records. In eliminating waste, records may be kept 
of the materials used by each workman, and if, for instance, a cutter in a 
clothing factory wastes more than the average amount of cloth, the 
difficulty is easily detected. Often a high labor turnover indicates where 
other unsound conditions exist.

In order to indicate the efficiency of machine performance, records 
are kept of the production by each machine and of the number of hours 
operated. The relative condition is then determined by comparing the 
figures with established standards.

Where many operations are performed, or where many parts are 
made which will be assembled together later, as in an automobile plant, 
it is necessary to maintain a properly balanced production schedule. 
Records are kept which show currently the quantities of manufactured 
parts on hand, and this makes it possible to prevent shortages of some 
parts and overproduction of others. If production is properly balanced, 
the accumulations are reduced to a minimum.

Statistics in Marketing.—In building up a market, it is necessary first 
to find out what can be sold and then to work out the means of effectively 
placing the goods on the market. A skillful analysis of data on popula
tion, purchasing power, customs of people, competition, transportation 
costs, etc., should precede any attem pt to establish a new market. 
Often such analyses will present difficulties which must be properly met 
before going to the expense of actually attempting to place the goods on 
the market, and often they will indicate markets where they were not 
thought to exist. For instance, a Los Angeles manufacturer believed 
that freight costs to foreign countries were prohibitive, especially to the 
more distant parts of the world. A statistical survey, however, showed 
that freight costs to such distant points as Buenos Aires, Argentina, and 
Sydney, Australia, were considerably less than to the principal cities in 
the neighboring states of Arizona and Utah.

In retail stores, in wholesale houses, and in the sales departments of 
manufacturing concerns, statistical records and analyses enable one of 
determine in advance, at a small cost, much that would be very costly it 
determined by actual experience.

In building up and maintaining any extensive market, it is important 
to keep accurate records on its present and potential geographic distribu
tion (see Exhibit 2). Analyses of sales in relation to the distribution of 
population and purchasing power are especially important in establish
ing sales territories, routing salesmen, and in order to know where to 
advertise and where to push sales.

Statistical analyses are valuable not only in studying the market but 
especially in rating salesmen. A salesman may be compared with other
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salesmen or with a standard. A salesman’s current record may be com
pared with his previous records. Or a salesman’s successes in selling 
different lines may be compared. In any of these comparisons, the weak 
points will be discovered, and such difficulties usually can be corrected 
when once it is known what they are and where they exist.

E x h i b i t  2. D istribution map of the  In ternational H arvester Com pany with card-index 
system. (Courtesy, Rand M cNally  & Company.)

Statistics in Banking.—Banks have found it increasingly necessary to 
establish research departments within their organizations for the purpose 
of gathering and analyzing information, not only regarding their own 
operations, but on general economic conditions and on every line of 
business in which they might be directly or indirectly interested. Proba
bly the bank, more than any other individual business, feels the direct 
effects of the conditions in every other type of business and needs to be 
constantly informed as to the trends in every line of activity. Its
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reserves are influenced by money markets which are not local, but which 
are national or even international; its funds are influenced, not only by 
the business conditions in the immediate vicinity, but also by the con
ditions of business in areas far distant.

In making loans, banks have to be particularly careful that they 
do not lend too much money when business is dangerously inflated. In 
almost every period of hard times, many banks have failed because they 
did not correctly analyze the general business situation or the condition 
in individual concerns which had overexpanded.

The Federal Reserve System and the development of systematized 
influences over the credit and money markets of the entire country have 
not only made it desirable for individual banks to know something of the 
probable money conditions in the other banks in the immediate vicinity, 
but have made it necessary for them to consider the money situations in 
the other parts of the country. Also, the small bank compares its state
ments (or “ position”) with the statements of the large banks; the weak 
bank compares its credit and reserve position with that of the strong 
banks.

In all the foregoing problems, the bankers use the objective analysis 
furnished by statistics and then temper their decisions on the basis of 
qualitative information to the end that their conclusions are increasingly 
accurate.

Statistics in Investment.—Skillful analyses aid investors in selecting 
securities which are safe and which have the best prospects of yielding 
a good income or increasing in price. Such investigations assist in 
determining whether to buy, to sell, or to do neither. On the basis 
of these statistical guides, investors purchase securities when they are 
low, hold them for a few years until they are high, and then sell them and 
hold the proceeds until they can again buy at low figures. In this way, 
without any marginal purchases, but by buying outright high-grade, 
dividend-paying securities, investors have built up substantial fortunes 
with relatively little risk.

The investment banker is one of the greatest users of statistics. In 
his work he must accurately distinguish between good and bad securities. 
To do so, he must not only have a clear understanding of the present 
situation of the money and security markets and a definite knowledge of 
the actual conditions in the different industries, but he must also have a 
fairly clear conception of what will be the most probable future conditions 
in various industries. He must be able to detect in a concern’s financial 
and other statements anything unusual or indicative of weakness in the 
securities of the company. The underwriting of a large bond issue 
requires information in great detail on the particular business involved, 
the immediate community, and on the businesses of similar nature in
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other communities. The foregoing uses are of direct value to the 
investment banker in managing his operations. In addition to these, the 
various reports required by Federal and state governments necessitate 
the careful handling and expert application of statistical data.

Many other illustrations of the value of statistics in the investment 
field will be presented and analyzed in later chapters.

Value of Statistics Depends upon Practical Usableness.—The practical 
objective in business statistics is to provide various kinds of information 
which can be used as aids in making more accurate and more definite 
decisions than can be made without them. If this is to be possible, 
statistical work must be of the type that is appreciated and understood 
by the executives who are to use it. When one is doing statistical work 
for another, it must not be so involved, nor so mysterious, that the user 
cannot reason out, in a general way, how the results are obtained and 
what they mean. The approach has too often been from a technical 
point of view, with little regard for how the results can be used by the busi
ness man and with little consideration for his training and his problems. 
This often results in analyses so general, technical, or strange that only 
a few business men can apply them in their actual operations. Business 
men, as a rule, reason out the relative causes and effects in connection 
with the various factors considered in planning their operating policies, 
and are not prone to accept statistical conclusions if they do not readily 
appreciate their relation to their own businesses. The value of business 
statistics, therefore, depends upon their practical usableness, and it is 
the aim in this book to emphasize practical application, using technical 
methods merely as tools with which to increase the significance of 
statistical data.

Direct Value of Technical Statistical Methods in Business.—There 
are times when refined statistical methods are extremely valuable tools 
in analyzing business problems. For instance, it is often very much 
worth while to use these methods when trying to determine the relation 
between such factors as supply and demand, cost and price, interest rates 
and security prices, or wages and production efficiency. I t  is a most 
important point, however, that the user of statistical methods know 
when refined methods are practical tools and when they are not. This 
makes it necessary for him to know definitely both the uses and the 
limitations of data and of technique. Statistical methods are not magic 
mechanical devices which will take the place of judgment and experience.

There is a common tendency for practical business men and others 
to feel that the statistician “ should be able to make better forecasts, 
for instance, from his statistical analyses alone than a business man can 
make without them or at least better forecasts than most well-informed 
business men can make without them. This is expecting too much from
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statistics. The true test of practical usefulness of technical methods is 
that, when properly applied in connection with other information, they 
make possible the improvement of our forecasts.” 1

Whether or not refined statistical methods should be used depends 
upon the practical value of the results. Often it is easier to interpret 
the meaning of a series by collecting a few simple supplementary facts 
than it is to apply refined methods. But when the statistician does this, 
it must be because he knows that under the circumstances it is the most 
practical plan; and it must not be because he does not know the real value 
of technical methods.

Indirect Value of Technical Methods—Aside from the direct value 
of mathematical methods as working tools in analyzing business problems, 
there is another value which is perhaps even more important; this refers 
to the attitude of mind developed by the training in rigorous thinking 
and disciplined imagination which accompanies mathematical study. 
A knowledge of mathematical methods teaches one “ to distinguish 
between the particular and the general, to refrain from induction without 
adequate foundation, to test all operations by independent checks, and 
to approach a problem by more than one route. The practicing statis
tician, who is a trained mathematician, uses formal mathematical proc
esses rather infrequently; but his mind is constantly guided by a 
mathematical sense which provides a general safeguard against unwise 
analysis and faulty reasoning.” 2

Simple Statistical Methods Usually Adequate.—While the business 
statistician should have at hand the proper statistical methods to use 
as tools in working out his problems, most of his work will require 
only the more simple technical equipment. Probably the most important 
requirements are to know what data are significant and where they 
can be found, and to know when data are adequate and accurate enough 
for the purpose at hand. Problems which are no more complicated than 
the following are representative of the bulk of statistical work: A large 
department store in a middle-western city of about 750,000 population 
engaged a new merchandise manager. He was told that normally sales 
declined about 30 per cent during July and August of every year because 
of people leaving the city. Upon analyzing the travel situation, he found 
that less than 12 per cent of the people left the city during the summer 
and that a large number of visitors came to the city during this period. 
I t did not seem that a department store’s general trade should fall off

1 See Holbrook Working, “ Practical Applications of Correlation Studies of Prices,” 
Journal of Farm Economics, A pril 1926.

2 C r u m , W. L., American Economic Review, Vol. X V II, No. 3, p. 454, Septem ber 
1927.
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so much under such conditions. A study of the geographical distribution 
of deliveries was made, and it was found that, except in July and August, 
three-fourths of the store’s sales were made in the one-fifth of the delivery 
area which included principally families of high incomes, many of whom 
left the city during the summer. This was followed by an analysis of 
the store’s advertising, which showed that the quality appeal had been 
so strongly emphasized that the great mass of people had become so 
impressed that this was a high-priced store that they patronized it but 
little. Steps were then taken to correct this impression and develop 
trade among those of moderate purchasing power.1

Though most practical statistical work in business is no more compli
cated or involved than that in the preceding illustration, it should again 
be emphasized that even in such cases a knowledge of statistical methods 
is of great value in the safeguard that it provides against inaccurate 
analysis and faulty reasoning. And, of course, it is very important that 
the statistician have the proper tools at hand (in the form of technical 
methods) when it is necessary to use them. Even in the simple problem 
discussed in the preceding paragraph, the concepts of seasonal changes 
and long-time growth tendencies, as considered from a technical point of 
view in later discussions of these subjects, are very valuable and almost 
required in making skillful analyses, though the actual computations may 
not be made.

Technique Studied through Practical Problems.—In this book 
the approach to the study of technical methods is made through the 
consideration of practical problems. A knowledge of statistical methods 
involves a study of collecting data, tabulation, graphic presentation, 
statistical distributions, averages, dispersion, index numbers, sampling, 
correlation, basic trend, seasonal variation, and cyclical movements.2 
After developing this background of technique, the methods will be 
used simply as tools, and the emphasis will be placed upon the practical 
application of statistics in answering such questions as: How can we 
increase efficiency in production? Where is the market for our products 
and how extensive is it? Are our investments secure? What is the 
general business outlook?

1 F r e d e r i c k s , J. G., and F .  M. F e i k e r , System, p. 115, August 1912. Reprinted 
in M. T. Copeland, “ Business S tatistics,” p. 207, H arvard  U niversity Press, 
Cambridge, 1921.

2 Some of these m ethods involve m athem atics, b u t only an elem entary knowledge 
of algebra is presumed in discussing these methods in the body of this text. Any 
technical discussions, which involve higher m athem atics, are presented only in the 
footnotes for the use of those who wish to study the subject from a m athem atical 
point of view.

STATISTICS IN  BUSINESS 11

Questions and Problems

T he purpose of the following introductory questions is to  illustrate the necessity 
for careful analysis of statem ents which appear to be statistical in na tu re .1

1. Criticize the following statem ent: “ Automobile accident figures for a large 
mid-western city show th a t in 1937 there were 320 different autom obile deaths, only 
80 of which were due to  women drivers. This shows th a t women are more careful
and safer drivers than  m en.”

2. An advocate of the horse-and-buggy m ethod of transportation  argues th a t it  is 
m uch safer than  m odem  m ethods of travel. To prove his stand  he quotes govern- 
m'ent figures which show th a t  in a  single year over 10,000 persons were killed in au to 
mobile accidents, 700 by tra in  or street car, and 750 perished in boat or vessel, while 
only 157 were killed by  horse and buggy. Do these figures prove his contention? 
Give reasons for your answer.

3. Two men, equally skilled as players and in the choosing of other men, are to 
ac t as captains of two baseball team s. Each is to  choose 8 men from a group of 16 
men who vary gradually in skill from the best to  the poorest. They agree th a t th e  
basis of selection should be such as to  make the team s as equally m atched as possible. 
One captain says th a t  the fairest way is to  toss a coin for the first choice and then 
choose alternate men thereafter; and the other captain says th a t th is would no t give 
equally balanced team s. Which is right and why?

4. The chances of throwing a six in one throw  of a die (singular of dice) are one 
in  six. You have already throw n two sixes in succession. W hat is, the  chance of 
throwing a six in the next throw? Give reasons for your answer.

5. In countries which have lotteries there is a common opinion th a t if one buys 
the same num ber for all of the different drawings he will have a b e tte r chance to win 
than  if he buys a different num ber each time. (Numbered tickets are sold and a t  a 
certain tim e sales close and the winning num bers are drawn. Then new tickets are 
sold and the process repeated. Tickets are good only for the drawing for which they 
are sold.) Suppose th a t drawings are made every m onth  and th a t Mr. X  has bought 
the same num ber for 10 consecutive months. Suppose th a t 100,000 num bers were 
sold for each drawing. W hat were Mr. X ’s chances to  win the highest prize in the 
ten th  lottery?

6. A western booster organization, in discussing a certain city, sta tes th a t  the 
m ortality  rate  shows this city to be the m ost healthful city  in the U nited States w ith a 
record of 9.78 per thousand. Are m ortality  rates a good index of health conditions? 
W hy?

7. “ The value of building perm its in a certain city for 1908 was slightly under 
$10,000,000. In 1923 this figure was slightly over $200,000,000. Construction of 
building space in this city, therefore, increased over tw enty  times during this 15-year 
period.” Point out an im portan t error in th is comparison.

8. A large paper company advertised as follows in a national m agazine: “ Do 
you know th a t checks are used in over 95 per cent of our business transactions? Do 
you know th a t last year the to ta l bank clearings—practically all checks— am ounted 
to  over $455,034,000,000, or ninety-five times the am ount of money in circulation? ” 
W hat is wrong w ith th is comparison?

1 I t  is the aim of the questions and problems presented a t  the ends of the chapters 
in this tex t to provide m aterial both  for oral class discussion and w ritten laboratory 
■work—the particular m aterial to  be used to  be selected by the instructor.
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9. The following advertisem ent (name of oar changed) appeared in a  leading 
weekly publication: “ Only in  a car built throughout from standard  specialized units— 
as the Apex Light Six is built— can value be definitely analyzed and proved by  direct 
comparison. The average price of automobiles w ith the C ontinental Red Seal motor, 
for example, is $1,878. The Apex Light Six, w ith a 50-horsepower C ontinental Red 
Seal m otor of the la test type, costs b u t $985. The average price of Timken-axled 
cars is $2,453, yet the Apex Light Six has Tim ken axles, both  front and rear.”

C o m p a r a t i v e  V a l u e s  
Average Price of Cars with

C ontinental Red Seal m o to r............................ $1,878
Tim ken axles........................................................ 2,453
D urston transm ission........................................  i  ,495( , -^pex Light Six
Auto-lite electrical equ ipm ent........................  1 1674
Spicer universal jo in ts ....................................... 2 ,388
Gemmer steering g ear.......................................  2 ,507

has all of these a t 
$985

Analyze the  above advertisem ent from a statistical point of view.
10. Determ ine which of the following tables are statistical and which are non- 

statistical, and explain how the tables th a t are non-statistical a t present m ight be 
made statistical.

A  D a t a
City Pn'ce

B oston........................................................................................................... $5.65
New Y ork ..................................................................................................  6 12
Philadelphia................................................................................................  5 g l
C incinnati............................................................................................ 5 25
Chicago.........................................................................................................  5 gg
St. L ouis............................................................................................  5 40

B  P r o d u c t i o n  o f  C r u d e  O i l  i n  t h e  U n i t e d  S t a t e s  (b y  S t a t e s )

Production in  thous- 
sands of barrels

T exas........................................................................................................  44,366
C alifornia................................................................................................. 20,365
K ansas......................................................................................................  6 .388
L ouisiana.................................................................................................  7 g29
M ichigan.................................................................................................. l  ,316
New M exico............................................................................................ 3 453
O klahom a................................................................................................  20! 618
Pennsylvania..........................................................................................  X 581
W yom ing.................................................................................................  1 ,603
All o th e rs .................................................................................................  3,532

T o ta l.....................................................................................................  110,911
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C  R e l a t i v e  P r i c e s  o p  t h e  P o u n d  S t e r l i n g  a n d  t h e  F r e n c h  F r a n c

(Expressed in dollars)

D ate Pound sterling French franc

5.02 .03300
4.88 .04593
4.92 .04464
4.90 .04556
4.89 .04600
4.94 .06592
4.85 .06593

D A n a l y s i s  o f  R e s i d e n t i a l  S t r u c t u r e s  i n  C l a r k v i l l e

'
Type of structure

Number
completed

N um ber under 
construction

18 7
63 8

110 19
978 21

E V o l u m e  o f  a n d  R e v e n u e  D e r i v e d  f r o m  S a l e s  o f  N a t u r a l  G a s  i n  t h e
U n i t e d  S t a t e s  

1937

Sales in Revenue in
M onth millions of thousands

cubic feet of dollars

129,312 47,847
134,025 48,995
126,633 45,234
124,723 42,667
104,242 34,159
94,494 28,733
91,777 26,440
94,201 26,329
94,959 26,738

102,651 31,012
110,724 36,911
129,341 46,673

1,337,082 441,738

Source: Survey o f Current Business.



CHAPTER II

COLLECTION OF DATA—PRIMARY SOURCES

The statistician of a certain manufacturing company received the 
following interdepartmental letter from the vice president in charge of 
manufacturing:

A t th e  la s t m eeting  of th e  E xecu tive  C om m ittee , th e  question  w as ra ised  as to  
w hether or n o t ou r wage ra te s  are  o u t of line w ith  th e  wage ra te s  in  com peting 
a n d  sim ilar lines of m anu factu re . Y ou are  requested  to  collect all in fo rm ation  
w hich you  th in k  will be  necessary to  answ er th is  question  as i t  applies to  our 
several factories, and  forw ard a rep o rt to  m e b y  th e  n ex t regu la r m eeting  of th e  
E xecu tive  C om m ittee  on N ovem ber 17.

How should the statistician proceed to collect such information? 
Where should he begin the investigation, and just what steps are 
involved?

First, the problem must be defined, and the proper approach must be 
determined. Then a plan must be prepared, the statistical units must 
be defined, and it must be determined that the characteristics of the 
items upon which data are to be collected are alike—that is, that they are 
“ homogeneous.” Furthermore, the available sources of data must be 
determined and checked as to their accuracy, and the use of samples must 
be considered. These steps are all preliminary to the actual assembling oj 
data. Each will be considered in the paragraphs that follow.

In short, a statistical investigation may be said to involve the follow
ing broad steps:

Definition of the problem.
Organization and planning.
Collection of the data  (including both  prim ary field work and use of secondary 

sources).
T abulation and com putation (preparation of working tables).
Presentation (including textual presentation, final tables, and charts or graphs).
Analysis and interpretation.
Preparation of report.

Obviously, there is some overlapping in the above items. A certain 
amount of analysis work, for instance, is carried on throughout the 
survey.

In general, the discussion of statistical methods in this book follows 
the order indicated by the above list. The present chapter covers the

14
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collection of primary data, and the four following chapters cover the col
lection of secondary data, tabulation, and graphic methods, respectively.

Definition of the Problem.—In making statistical analyses in business, 
it is very important to define the particular problem to be analyzed as 
clearly as possible before beginning the investigation. This is necessary 
in order that the investigator can determine what elements are to be 
included in the survey and so that he can guard against the omission of 
factors which might be necessary in reaching a solution. I t is also 
important to exclude the unnecessary factors when their inclusion would
cause a waste of time and money.

Often the problem is presented to the statistician in rather general 
terms and he must take the responsibility for working out with the 
executives a more clear-cut definition before taking any further steps 
toward its solution. A problem which is apparently easy to state is not 
always clear. Suppose, for instance, that in connection with studying a 
market, an executive asks for a figure representing the population of New 
York City on January 1 of a certain year. Just what is the population of 
New York City? Does it include only those who live in New York City? 
Does it include those who work there and have their homes in the 
suburbs? What about tourists and travelers who are in the city on 
January 1? Should immigrants who are temporarily in the city be 
included? What about non-resident college students? W hat about 
those whose homes are there, but who are spending the winter in Florida 
or California? These are a few of the questions that would have to be 
answered in qualifying and clarifying the problem.1

The Approach to the Problem.—While a statistical problem should be 
defined as accurately as possible, it is usually impossible in business to 
work out an ideal definition in advance. Most statistical problems in 
business are somewhat confused and must be approached step by step 
without insisting that the entire solution be evident from the beginning. 
In such cases, it is always possible to select one or more facts, or whole 
series of data, which must obviously be assembled before any answer is 
possible. When these facts have been gathered together and analyzed, 
they will probably suggest the need for further facts. And, sooner or 
later, if this process is repeated, the direct road to a solution will present 
itself.

1 The U nited States Census includes as the population of a city only its  perm anent 
residents or those whose actual homes are not elsewhere. Those whose actual homes 
are in New York, for instance, b u t who are in other parts of the country when th e  
census is taken, are counted as of New York. W hen the transients or tem porary  
residents in a city constitute a large num ber as compared with the perm anent residents, 
i t  often happens, obviously, th a t the Federal Census population da ta  alone are not 
adequate in making various kinds of m arket analyses, as they m ay represent only a 
p a rt of the m arket.
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Having defined his problem as carefully as possible, the statistician is 
ready to plan the investigation.

Planning the Investigation.—Before making an original investigation, 
the available existing information should be brought together in as much 
detail as is practical, covering as many as possible of the known questions. 
In many instances, it is advisable to carry on the investigation in such a 
way that the more important questions connected with the problem can be 
sorted out and answered first. Often a few of the outstanding facts will 
show that it is not advisable to consider the proposition further, and a 
considerable amount of money can be saved by not completing the survey.

As some surveys progress, the original problems may change to 
entirely different ones as a result of the answers or partial answers 
obtained to some of the major questions. For instance, a certain com
pany, which planned to build an office building, started an investigation 
for the purpose of determining the most popular sizes of rooms and the 
most practical rentals. The high percentages of vacancies in competing 
office buildings, discovered early in the investigation, caused the purpose 
of the survey to be changed to that of forecasting how long the company 
should wait before considering construction at all. Of course, the survey 
could have been completed in accordance with the original purpose, but 
the results would not have been practical. I t  is highly important in 
business surveys that the statistician control his investigation so that it 
will be of the greatest value in relation to its cost.

Some types of investigations cannot be subjected to variations while 
in progress. For example, if it is desired to determine the effect on street 
traffic congestion of moving vans carrying household goods on a moving 
day, and it is known in a certain city that September 1 is the day on 
which families customarily move from one house to another, then the 
entire enumeration must be made on that day, and the complete plan 
must be carefully worked out in advance, as there would not be time to 
make changes while the survey is in progress, and any variations might 
change the representativeness of the data.

Statistical Units.—Before beginning the actual collection of the data, 
the statistical unit or units must be clearly defined, and these definitions 
must be carefully observed throughout the investigation. Funda
mentally, the statistical approach is based on a count. If the definitions 
of the units are vague or inexact, the inclusion of things which should be 
omitted, and the omission of things which should be included, may not 
only cause confusion but may result in non-representative data. I t  is 
obvious that the units should remain the same throughout an investiga
tion, and this requires a simple, fixed, and clear definition.

To the inexperienced, the definition of a unit appears to be a very 
simple matter, but the problem is not so easy as it seems. In taking a
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population census, the unit is one person. T his is an easily defined 
natural unit, and there is not much difficulty in determining what .is and 
what is not a person.1 But suppose that we are making a survey of the 
supply of dwellings in a city and that we are counting the single family 
houses. Just what is a single family house? Obviously, there would be 
no difficulty in classifying most houses, but what is a house with but one 
entrance which is occupied by two families ? Wfiat is a rooming house ? 
W hat is an abandoned house? What is one under construction? What 
are living quarters over a garage? What are living quarters over or in 
the back of a store? What is a tent in which people are living? What 
is a garage which is being used temporarily as a dwelling? W hat is an 
auto camp cabin? What is an automobile house trailer in which people 
are living temporarily? These are some of the questions which must be 
taken into consideration when defining the unit.

A unit itself may be difficult to define, but the problem of definition 
is often made much more difficult by attaching qualifications to the unit. 
For instance, if we are counting the vacant lots in a city, it is difficult 
enough to define the term “ lot,” but when we are considering only those 
that are vacant we must provide also for such questions as: W hat is a 
lot occupied by a temporary structure? W hat is an auto park? W hat is 
a temporary storage yafd? W hat is a city block which is not subdivided? 
What is an abandoned stone quarry?

Usually it is not difficult to define the units of measurement which 
are in common use, such as the foot, pound, bushel, hour, dollar, and 
pound sterling. The actual use of these units, however, requires con
siderable care in order to prevent confusion. For example, the familiar 
unit “ to n ” is widely used, but in statistics of ocean shipping the following 
must be carefully distinguished: short ton (2,000 pounds); long ton 
(2,240 pounds); metric ton (2,204.6 pounds); displacement tonnage 
(weight of water displaced by floating vessel); gross tonnage (cubic 
feet of total vessel capacity divided by 100); net tonnage (cubic feet of 
vessel capacity available for cargo divided by 100); deadweight tonnage 
(maximum weight of cargo, passengers, and crew); measurement ton 
(40 cubic feet). In making original investigations or in compiling 
secondary data, such variations in the usages of terms must be carefully 
observed.

Pecuniary units (dollar, pound, lira, franc, yen, peso, etc.), which 
are used for measuring values, vary from country to country and from 
time to time, and these variations must be carefully considered in any 
analysis of international values. In certain other kinds of investigations,

1 I t  should be noted th a t  the difficulties previously m entioned on p. 15 in con
nection w ith a population census apply to  the definition of the term  “ population.” 
They do no t refer to  the definition of a “ person,” which is the unit.
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it is necessary to use compound units, such as ton-mile, foot-pound, or 
kilowatt-hour.

Homogeneity or Uniformity.—Accurate deductions cannot be made 
from data which are lacking in homogeneity or uniformity. In other 
words, it is imperative that the characteristics of the elements under 
investigation be essentially alike in relation to the investigation, except 
in the differences that are being measured. For example, suppose that 
we are comparing building activity in two cities on the basis of building 
permits, and that one city includes street paving and subway construction 
while the other does not. Such data would be lacking in homogeneity. 
Or, suppose that a comparison is being made of the average wages in two 
department stores which are essentially alike, except that in one a much 
larger proportion of the employees are women than in the other. For 
the purposes of many investigations such data would be lacking in 
homogeneity.

Whenever an average is taken, the question of homogeneity must 
be considered. No average should be taken from cases which, for the 
purposes of the particular investigation, are lacking in homogeneity.

Homogeneity is especially important in studying business growth, 
price changes, and all other variations which take place over a period of 
time. Changes in conditions often make it very difficult to make valid 
comparisons of present data with those of previous periods. For instance, 
the use of bank clearings as an index of a city’s business conditions is 
often hampered because of the lack of homogeneity due to the establishing 
of new banks and the consolidation of old ones.1

Adequacy or Representativeness.—The question of adequacy or 
representativeness is very important in business statistics because it is 
so often necessary to make investigations and to draw conclusions based 
on sampling. When the data are only partial they may not be repre
sentative, and care must be taken to see that they are adequate for the 
purpose at hand.

The requirement of adequacy or representativeness makes it necessary 
to have, not only a sufficiently large sample, but also one which is as 
free from bias as possible. This may be illustrated by a study which was 
made for the purpose of determining the proportion of vacancies in

1 A bank frequently cashes, for its customers, checks which are drawn on other 
banks. E very day each bank sends all of these checks to  a central “ clearing” place 
or directly to  the banks upon which the checks have been drawn, and receives the 
checks drawn upon itself. Only th e  balances are settled in cash or its  equivalent. 
These checks which are exchanged are the “ clearings.” W hen new banks are estab
lished, the volume of clearings will be increased even though there m ay be no increase 
in the to ta l am ount of business done in th a t com m unity. The opposite is true  when 
bank consolidations occur.
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apartment houses at a time when apartment house owners, as a rule, were 
trying to discourage the building of additional apartment houses. I t  was 
found, in this instance, that a larger proportion of those whose apartment 
houses had high proportions vacant answered the questionnaire, because 
they felt it was to their interest to have this information brought to the 
attention of prospective builders in order to discourage them. Those 
whose houses were filled were not interested in the competitive situation 
so seriously, and relatively as many did not return questionnaires.

Accuracy.—The question of accuracy must be considered in all 
statistical investigations. When all the items can be counted, it is often 
possible to attain perfect accuracy, but, if the task is a large one, a count 
may not be worth the time and money that it would cost. Approximate 
accuracy may be sufficient. Counts can be perfectly accurate, but 
measurements are never perfectly accurate. In measuring, absolute 
precision is unattainable. The necessary degree of accuracy in counting 
or in measuring depends upon the practical value of the accuracy in
relation to its cost.

Errors are due to various types of causes. Clerical errors or errors 
in computation can usually be eliminated by careful checking. Other 
errors result because of the conditions under which the investigation is 
made. Errors may be compensating or cumulative. Compensating 
errors tend to offset one another and leave the general result undisturbed, 
while cumulative errors tend to pile up with the result that the final 
data are not representative of the true values. In taking a federal 
population census, for instance, an enumerator may count some people 
twice who have moved -from one place to another during the two-weeks 
census-taking period. He may also miss some people who move from a 
part of the city where the census has not yet been taken to a part where 
it has already been taken. At this point the errors are probably compen
sating. However, in checking the data, it is easier to eliminate the 
duplications than it is to add the omissions and, if the duplications are 
eliminated without adding the omissions, the final result is affected by 
a cumulative error. Referring again to the question of accuracy, it 
would be possible to shorten the census period and eliminate such an error 
as the one just mentioned, but it would not be practical to increase the 
cost so greatly for the purpose of correcting such a relatively small error.

Frequently it is possible to approach a problem from two distinct 
angles in such a manner that the bias, if any, is in opposite directions. In 
such cases, the main statistical operation may often be checked to advan
tage by means of moderate samples taken from the second angle of 
approach.

Reasonableness.—Conclusions in business statistics do not rest 
entirely on cold figures. Exterior tests of reasonableness, often of a
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non-statistical character, must be applied. Frequently the conclusions 
that are arrived at are not the only possible conclusions, and too often 
they are not the most accurate conclusions that can be drawn from the 
given data. Careful exercise of judgment, based upon a wide experience 
in keeping in mind the reasonableness or probability of the conclusions, 
as a thing apart from the data, is of utmost importance in business 
statistics.

Primary and Secondary Data.—Data which are gathered originally 
during an investigation are known as primary data, whereas those which 
are used in an investigation, but which have been gathered originally by 
someone else, are known as secondary data. For instance, data gathered 
by the United States Bureau of the Census are primary data for the 
bureau but are secondary data when used by others. When one is 
using figures which he has actually secured by field enumeration, he is 
said to be using primary data, and when he is using figures which he has 
secured from someone else, he is using secondary data. Secondary data 
are removed one or more steps from the original enumeration.

In the same manner, a distinction is often made between primary 
and secondary sources of statistical data. The original compiler of the 
data is the primary source, but one who furnishes data that were originally 
compiled by someone else is a secondary source. Thus, the Bureau of 
the Census is the primary source of the decennial population census 
figures. And when these figures are published in the Statesman’s Year
book, this publication is said to be a secondary source of these population 
data.

Some statistical problems require only primary data, while some 
require only secondary data, but most require both kinds of data, and all 
require a knowledge of collection and use of both kinds of data. In 
order to use secondary data intelligently, it is necessary to understand 
the difficulties encountered in securing primary data. This is so impor
tan t that the collection of primary data will be discussed in considerable 
detail before considering the collection of secondary data.

Collection of Primary Data.—Before beginning the actual collection 
of primary data, it is necessary to outline the procedure for solving the 
problem as completely as possible. In practical statistical work, one of 
the most important limitations upon the scope of an investigation is the 
cost. I t  may be necessary to confine the survey within narrow limits 
owing to the fact that only a certain amount of money is available for the 
particular problem. Of course, no investigation should be carried beyond 
the point where the additional refinements are no longer necessary.

Complete canvasses are so expensive that it is often impractical or 
impossible to make them in business statistics. In such instances, it is 
necessary to use the process of sampling, in which the analysis of a
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part is taken as a basis from which to draw conclusions regarding the 
whole.

Sampling.—The manufacturer or trader who wishes to test out the 
market for a certain product can not interview all the potential buyers 
because of the cost involved. However, by securing the reactions of a 
representative sample, he will have an indication of how the product 
will be received by the market as a whole.

The basis of the sampling process is that a moderately large number 
of items chosen at random from a very large number of items should have 
the characteristics of the larger group. This does not imply that a perfect 
resemblance between the sample and the whole is necessary, but it is 
essential that the sample indicate the characteristics of the whole to a 
high degree. The importance of this statement will be better appreciated 
if careful consideration is given to certain fundamental principles of 
sampling.

Principles upon Which Sampling Is Based.—Although the principles 
of sampling are sometimes referred to as the “ laws of sampling,” they 
are not laws in the strict sense of the term, but are, rather, principles and 
tendencies which appear to operate universally.

The principle of statistical regularity may be briefly stated as: If a 
reasonably large sample is selected without bias from a mass of phe
nomena, the characteristics of this sample will differ but little from 
those of the entire universe. I t  follows that this principle is the very 
basis of sampling, for after having studied a portion of the phenomena 
bearing upon a given problem, it is possible by reliance upon this principle 
to depict fairly accurately the characteristics of the entire group. It 
is also clear that this principle makes possible a material reduction of the 
work necessary before accurate conclusions may be made concerning 
any large group of quantitative data. Thus, if one were desirous of 
studying the changes in the earnings of factory workers in the United 
States, it would not be necessary to include all factory workers, nor 
the workers in all factories. If the earnings records of 25 per cent 
of the workers in 25 per cent of the factories were studied, almost as good 
a view of the changes in the earnings of factory workers could be obtained 
as if all factory workers were included in the analysis. Such samples, 
however, must be properly chosen so that bias will be avoided, and so 
that there will be a fair distribution by areas and classes of factories.

The principle of large numbers is based upon the same reasoning as 
the principle of statistical regularity. A short statement of this principle 
is: Whenever an event may happen in only one of two ways and the event 
is observed to happen under the same essential conditions a large number 
of times, the ratio p of the number of times tha t it happens in one way to 
the total number of trials appears to approach a definite limit, let us say
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P, as the number of trials increases indefinitely. Thus, in a bank with a 
large number of branches, the proportion of the number of customers 
having accounts with balances below $100 may vary greatly from week 
to week among the different branches, some branches having a smaller 
number than the preceding week, other branches having a larger number. 
For the bank as a whole, however, the relative number of accounts less 
than $100 may not change greatly from one week to the next. To use 
another common example, the fire losses in any city or group of cities 
selected at random may be considerably larger per month this year than 
last. I t  may be that other cities with large fire losses will be found, but, 
even though the number of cities with large losses increases in the year’s 
count and is not entirely offset by decreases, the relative variation in all 
cities will decrease as more cases are considered, and therefore it may be 
stated that the total fire losses in all cities fluctuates much less than the fire 
losses in an individual city or in a small group of cities.

A related principle is the principle of small numbers, sometimes called 
“ the principle of persistence of small numbers.” In brief, it may be 
stated as follows: If, in a group of quantitative phenomena selected 
without bias, a small proportion of the group deviates sharply from the 
characteristics of the remainder of the group, this tendency will persist 
no m atter how large the group may be made and irrespective of the 
number of samples selected. Thus, if one were to tabulate the length 
of service of employees of several concerns which had been operating for, 
say, forty years, one would be almost certain to find a small number of 
employees who had been in the service of the concerns for a considerable 
number of years, say twenty-five. From the principle of persistence of 
small numbers it would follow that other concerns which had been in 
operation an equally long time would probably exhibit nearly the same 
small proportion of employees with long service records. Again, if an 
analysis of the balances of savings accounts in a large number of branch 
banks is made, even though the branches are located in quite different 
sections of the community, it may be found that each branch will have a 
small number of savings accounts in which the balances are more than 
$10,000. Similar experiences will be found in the study of other business 
data, such as the amount of sales in a small department of a store, pur
chases of imported automobiles, and sizes of incomes. This law is the 
law of the distribution of events which happen rarely.1

An additional corollary of the principle of statistical regularity is the 
principle of decreasing variation, which is as follows: As a larger and larger 
proportion of a group of phenonema is selected by the cumulation of

1 For explanations of the m athem atical basis the reader is referred to discussions 
of the Poisson exponential function which characterizes this law.
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successive unbiased samples, the characteristics of each enlarged sample 
(namely the average, the deviation, the skewness, etc.) will tend to differ 
less and less from the characteristics of the preceding (smaller) sample 
and from the characteristics of the group as a whole. Intelligent applica
tion of this principle makes it possible to determine the size of the sample 
(in proportion to the whole of the data) which must be taken in order that 
the characteristics of the sample may, within prescribed limits of accu
racy, be attributed to the whole group. Thus, if one should study 
samples representing increasing proportions of the checks presented at a 
bank for payment from day to day, one could approximate with increasing 
accuracy the distinguishing characteristics of all checks.

Selecting the Sample.—It is obvious that the sample must be repre
sentative, to a practical degree, for the problem at hand. In a strictly 
random selection, any item has as good a chance of being included as any 
other. If this is not the situation, a special effort will have to be made to 
select the sample in such a way that allowances can be made for any bias. 
Strictly random sampling is not commonly possible in business statistics. 
The most common form of sampling may be called directed sampling, since 
a distinct effort is made, by applying some system of control over the 
selection of data: (1) to increase the certainty of a proportional representa
tion from the various related types and groups of elements in so far as 
those types or groups are known to exist or to have a bearing upon the 
problem at hand; and (2) to exclude (to save time, energy, and expense) 
those types or groups which are known to have no bearing upon the 
problem at hand.

To illustrate the above two types of sampling, let us suppose that one 
draws the prices of 50 commodities from a group of 1,000 prices which had 
been marked on small cardboard disks and mixed well. Such a selection 
might be said to be random in so far as the 1,000 prices were concerned. 
An index number computed from such a sample would not be nearly so 
likely to be reliable as a measure of the changes in the cost of living, 
however, as would a sample of prices that included the 50 most important 
articles in the budget of the average family which would be directed 
sampling.

Sometimes the chances of selecting fair samples are increased by 
dividing up the whole into classes and taking samples of each class. The 
relative importance of each class is known or is determined and the final 
result is weighted accordingly. Thus, in a sample for the purpose of 
determining the percentages of residences vacant, the degree of accuracy 
is greatly improved by recording the conditions separately by single
family houses, double houses, flats, apartments, etc., and then weighting 
the final figure for the situation as a whole in accordance with the propor
tions of these different types of dwellings. Within each class, of course,
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some method of obtaining a random selection or its equivalent must be 
used. In this particular instance, the sample of single houses might be 
taken on a basis of regular intervals determined by drawing lines a mile 
apart north and south, and east and west, and then covering the streets 
nearest these lines. Again, suppose that we are estimating the total 
volume of unemployment on the basis of questionnaires addressed to cer
tain employers. I t  adds greatly to the accuracy of the result to take 
separate samples for retail stores, factories, etc., and then make separate 
estimates of the total numbers unemployed and the percentages of 
unemployed in each group before combining the figures for grand totals. 
This principle is of almost universal application in sampling operations.

The degree of variation permissible between the sample and the whole 
cannot be stated arbitrarily since this depends upon the use that is to be 
made of the sample. There are various checks that may be made of the 
accuracy and adequacy of a sample. The more mathematical tests 
will be discussed in Chapter XI, but some other types of checks will be 
suggested in the section which follows. These tests alone are not com
plete and are not to be substituted for judgment and experience in 
selecting samples and interpreting the results of the sampling process.

Checking the Adequacy of the Sample.—The necessary size of the 
sample, or the necessary proportion represented by the sample, varies 
with different problems. In some instances, a sample which includes 
only a small percentage of the whole will indicate its characteristics to an 
extent which will be valuable. Such would be the case in determining 
whether or not a certain Cuban confection would have a market in the 
United States. If the confection were placed in a few representative 
stores in a few communities, it is probable that this test would be almost 
as satisfactory as one involving several thousand stores throughout the 
nation. In other instances, the sample must be relatively large in order 
to be significant. For example, if the adoption of a pension plan were 
under consideration by a large company, and the directors desired to know 
how many years it would be on the average before all employees reached 
the retirement age, it would not be adequate to consider the ages of only 
a few employees in a few departments.

The illustrations just cited indicate two practical rules or principles 
in determining the size of the sample: namely, (1) that the required 
number in a sample increases as the variation in the individual items 
increases, and (2) that the required number also increases as the required 
accuracy of the results increases. Thus, in testing the marketability of a 
product for which there apparently would be but relatively little varia
tion in tastes within the nation selected, the required number of cases 
for the test would be relatively small. But in a large company with 
employees of many and widely varying ages, it would not be adequate
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to consider the ages of relatively few employees when considering a 
pension plan. Also, in the latter illustration, a high degree of accuracy 
would probably be required because the adoption of the plan would be 
final, whereas in testing the marketability of a product, the decisions as a 
result of the sample might not involve sudden or widespread changes.

W hat has been called a “ stability te s t” of sampling may be used as a 
rough check upon the adequacy of any sample. This test consists of:
(1) division of the original sample into two equal samples by means of 
random sampling; or (2) selection from the original data of a new unbiased 
sample equal in size to the sample already taken. The next step consists 
of noting whether or not the characteristics of the divided sample (as 
shown by the two smaller samples), or of the newly selected sample, differ 
materially from the characteristics of the original sample. Thus, if we 
study the changes in the number of persons employed in factories by 
means of a sample containing, let us suppose, 25 per cent of all factories, 
then the adequacy of the sample could be roughly checked (1) by dividing 
the total sample into two groups and comparing the data of the two 
smaller groups with the results shown by the larger, or entire sample, 
or (2) by taking a second sample and comparing the results obtained from 
the two equally large samples. If a second sample is taken, it is not 
theoretically necessary to exclude from it all items which were included in 
the first sample. However, it should be unbiased.1

When a sample is considered to be inadequate, the problem of increas
ing the size of the sample arises. But the accuracy of the sample does 
not increase directly in proportion to the size; it increases as the square root 
of the size of the sample increases. Therefore, to double the accuracy, 
we must quadruple the size of the sample, and to treble the accuracy we 
must increase the number of items to nine times the former number. To 
illustrate, if there are 100 items in a sample and it is desired to double the 
accuracy of the sample, the square root of the size of the sample, 10, will 
be obtained. This will then be multiplied by 2, resulting in a product of 
20, which will be squared, indicating that 400 items are required for a 
sample twice as accurate as 100 items. Similarly, for a sample three 
times as accurate as 100 items, the square root of 100 (10) will be multi
plied by 3, and the result (30) will be squared, giving 900 as the number 
of items needed for a sample three times as accurate as 100 items.

Further explanation of the statistical technique and theory involved 
in sampling will be given in later chapters, especially in Chapter XI.

1 Sometimes it  is desirable to  divide the samples into more th an  two equal parts. 
If the sample is divided into, say, four equal parts, and  the differences between the 
averages of th e  four groups are within the required limits of accuracy, then the average 
of the to tals should be satisfactory.
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Forms for Recording Original Data: Schedules and Questionnaires.—
When statistical counts are made, or when other statistical data are 
gathered, the information is originally recorded on certain forms which 
are especially designed for the purpose. These forms are principally of 
two types:

1. The schedule. (Ordinarily filled out by a trained enumerator who 
gathers the information directly or questions the informant.)

2. The questionnaire. (Ordinarily filled out by the informant.) 
Other original records are sometimes made (such as field notes and

diagrams, and those made by means of mechanical dials, and instrument

OCCUPANCY SURVEY 

STREET (ONE SIDE) Gu/2/7Tli_____________ f r o m  no 2 1 0 0  TO NO.__ 2 .1 4 2

CARD FILLED OUT 8Y oC- 73- STTU X^I ___________ DISTRICT OR TRACT NO 16fc

TYPES OF BUILDINGS
NUMBER 
OF UNITS 
OCCUPIED

NUMBER 
OF UNITS 
vacant

NUMBER OF 
UNITS UNDER 

CONSTRUCTION

NUMBER 
OF EXTRA 

FAMILIES

SINGLE HOUSES Z Z 0 2

HORIZONTAL DOUBLE HOUSES 6 z 2 1

ROW HOUSES 0 0 0 0

vertical tw o- family houses 0 0 0 0

FLATS 3 1 4 1

APARTMENTS 10 4 12 1

LIVING QUARTERS OVER STORES 0 0 0 0

STORES (NEIGHBORHOOD) 0 2 1

OFFICES (NEIGHBORHOOD) 0 0 0

nATF Qxoru /5

E x h i b i t  3A .— A simple schedule used by field enumerators. (Courtesy, United States 
Department of Commerce and National Conference on Construction.)

tapes and graphs), and combinations of the two above mentioned major 
types are often used, but such variations will be understood without diffi
culty if the principles underlying the two main types are understood. 
Each of these two major types will now be discussed in some detail.

Schedules for Field Enumerators.—As used in this text, the term 
“ schedule” refers to a blank form which is used by a field or other 
enumerator to facilitate the recording of data. An example of a schedule 
is shown by Exhibit 3.4. The schedule for a field enumerator should 
be drawn up in such a way that it will be convenient for use in both the 
field and the compiling office.
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R E S ID E N T IA L  OCCU PAN CY SU RVEY
IN S T R U C T IO N S  TO EN U M E R A T O R S

1. Fill out a card for each side of every block. (Do no t use the same card for two 
sides of a street.)

2. Record in the space provided a t the top of the card the name of the street, and 
the  num bers of the first and last houses in the block. Record a corner house according 
to  the  street on which it  faces or according to  the  street on which the m ain entrance is 
located. (The house num ber or street address will ordinarily indicate the main entrance.)

3. Be sure to record the num ber of the  district or census trac t on each card in 
accordance w ith the  map furnished for this purpose.

4. All counts are to be made on the  basis of units. A “ u n i t” is defined as the 
quarters occupied by, or intended to be occupied by, one family. I t  is one family 
capacity or one family accommodation. Thus, a  single house contains one un it, a 
double house two units, etc.

5. In  recording the  data, give careful consideration to the different types of build
ings. The different types of buildings m ay be defined according to typical character
istics as follows:

Single house. The typical characteristics of a single house are: single, free-standing 
building for occupancy by  one family.

Horizontal double house. The typical characteristics of a horizontal double house 
are: two family units standing side by side; each family occupies its half from 
cellar to roof, and in m any cities the two halves are owned separately.

Row house. The typical row house is one of several un its  built together in a row 
with individual outside entrances; each family occupies its un it from cellar to 
roof, and in m any cities the units are owned separately.

Vertical two-family house. The typical characteristics of a vertical two-family 
house are: two units w ith one over the other.

Flats. The typical characteristics of a flat are: heat no t furnished—no jan ito r 
service— frequently individual outside entrances— ordinarily three to  six unit 
capacity and two stories, bu t sometimes a greater num ber of units and as m any 
as three or even four stories.

Apartment house. The typical characteristics of an apartm ent house are: heat 
furnished—jan ito r service— one or more jo in t entrances—usually has elevator 
service (but no t always).

Living quarters over stores. Residential quarters over stores (usually one story  over 
a store) where the structure  is principally a store building ra ther than  an ap art
m ent house th a t has stores on the first floor.

6. Include residential units no t readily defined as above in the m ost nearly related 
classifications.

7. Include rooming houses w ith the nearest related houses structurally . T h a t is, 
if a rooming house is in a single house include i t  w ith single houses, and if i t  is in a 
double house include the un it in the double house classification, etc. (See no tation  a t 
end of Item  8.)

8. E x tra  families. Where a un it intended to be occupied by one family is shared 
with one or more extra families, tem porarily or perm anently, record the num ber of 
" e x tr a ” families. (Do not include rooming houses in the  count of extra  families.)

9. A un it is to  be counted as “ occupied” if it is being used and is no t available to 
another user. For example, a northern  home m ight be closed for the w inter while the 
owner is in Florida, bu t if it is not available to another resident, it should be counted 
as “ occupied.”

10. E m p ty  space th a t is available or on the m arket should be counted as " v a c a n t.” 
An apartm ent which is under lease to some one who is no t living in it, b u t who is try ing 
to sublet it, should be counted as vacant. Unoccupied buildings which are tem porarily 
unfit for occupancy should be classified as “ v acan t.”

11. Units in a building should be considered as “ under construction” any tim e 
between the beginning of the use of building m aterials and the  tim e when the building 
is ready for occupancy.

E x h i b i t  3B .— Instructions to enum erators. (To accom pany the form in E xhibit 3A.) 
{Adapted from recommendations of the United States Department of Commerce and the National 
Conference on Construction for making a standard occupancy survey.)
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If the data are confidential, the schedule should be so marked. If the 
identity of the informant is indicated on the schedule, it is sometimes 
advisable to place this information on a stub bearing a duplicate number 
which can be removed upon the receipt of the schedule at the office. This 
is especially important when the data are not solicited with mandatory 
power.

The schedule should be drawn up with a full appreciation of the type 
of informants to be interviewed by the enumerator. In an interview, it is 
often necessary to record the information step by step as a method of 
leading up to the more important items. The terms used on the schedule 
should be very carefully worded, and if there is any question of clarity 
they should be rigidly defined. If this is not done, there may be but little 
homogeneity in the final results. If only one investigator is collecting 
the information, it is likely that the data would conform to one standard 
even though the terms were not completely defined; but when a number 
of enumerators are collecting information, they should be relieved as much 
as possible of the necessity of making interpretations.

Exhibit 3A  is designed so that one card is used for one side of the street 
for one block. The card was designed in part so that when regular post
men did the enumerating, they could follow their regular routes and then 
the cards could be sorted readily by census tracts. Obviously, if addi
tional details were to be recorded, the enumeration would have to be 
made by individual houses instead of being summarized by one side of a 
block. A schedule should always provide for making the original field 
record. I t ordinarily never should be such that the use of scratch pads, 
etc. are required before making the original entry, especially if it is a 
count. Yet it should not be so detailed or so simplified that useless or 
unnecessary compilation work would be required.

Space should be provided in many instances for coding and computa
tion in the office. Ordinarily, computation should be done in the office 
rather than in the field by the enumerator. As far as possible, the work 
in the field should be enumeration rather than computation.1

Instructions to Enumerators.—When data are collected by enumera
tors m the field, the enumerator gathers the information directly or 
questions the informant and records the information on the schedule. 
Consequently, he must thoroughly understand the items to be enumer
ated. He must also have adequate instructions regarding the time of 
enumeration, the territory to be covered, and any other special informa
tion needed in making the investigation.

If the schedule is a complicated one, the enumerator should be given 
considerable training and practice before he enters the field. In any

1 Further examples of schedule forms are. presented in Appendix I (pp. 636-638).
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case, the instructions should be printed or typed in detail so that all 
enumerators will decide questions in the field as nearly alike as possible. 
Exhibit 2>B presents the set of enumerators’ instructions that accompany 
the schedule shown in Exhibit 3A .

Checking the Enumerator.—-In making statistical surveys, it is usually 
necessary to provide for some kind of a check on the work of the enumera
tor. This is ordinarily done by field supervision, by having more than 
one enumerator gather the same data, by recording the data in such a

(L E TTER H EA D )

July 1, 1938.
Mr. John Smith, Manager,
John Smith A partm ents,
New York, N. Y.

D ear Sir:
In  order th a t you and others m ay know the true  apartm ent-house situation, 

we are requesting apartm ent-house owners to  give us the information asked for 
in the question list below. You will receive the results of this survey through 
the Apartment House Journal. Please fill out the answers to  the questions and 
return  them  in the enclosed envelope (which requires no stam p) before July 4. 
Your answers, of course, will be held in stric t confidence.

Very tru ly  yours,

T h e  A p a r t m e n t  H o u s e  J o u r n a l

1. How m any apartm ents are there in your apartm en t house?__
2. How m any apartm ents were occupied on Ju ly  1, 1938?______
3. How m any apartm ents were vacan t on Ju ly  1, 1938?________

Name of apartm en t house_____________________________ '
Address of apartm ent house_______________________________

Name________________________

PLEASE RETURN YOUR ANSWERS BEFORE JULY 4.

E x h i b i t  4.— Simple questionnaire and le tter combined. (The letter from which this 
exhibit was adapted was m ultigraphed and filled in with a typew riter.)

manner that it can be checked up later, by including data which serve 
as cross-checks, and by checking with previous reports and other sources.

Field supervision, where the supervisor watches each enumerator for 
a time to see how the work is being done, is especially necessary when the 
enumeration is being made by inexperienced men.

Questionnaires.—The questionnaire (Exhibit 4) is often used to take 
the place of the field enumerator and his schedule. The desired informa
tion is asked for directly on the questionnaire, and a space is provided for 
the answer. The questions may be simple or complicated, according to
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the character of the investigation. However, the questions must be 
stated clearly because the informant must record the information without 
any assistance from the inquirer.

The questions on the questionnaire should be worded in such a way 
that they can be answered easily by “ yes,” “ no,” or a definite number 
when possible. In distributing a questionnaire by mail, it is customary 
to enclose with it a letter and a self-addressed envelope. Formerly, the 
envelopes were ordinarily stamped, but now the postage can be paid by 
the addressee when the questionnaire is returned. Sometimes it is best 
to include a personal letter, while in other instances it is best to use a 
form letter. When possible) it is well to indicate some advantage which 
will make it worth while for the informant to fill out and return the 
questionnaire.1

Requisites of a Good Schedule or Questionnaire.—As far as possible, 
schedules and questionnaires should be made to meet the following 
requirements :

1. There should be as few questions as possible.
2. E ach question should be simple and easy to understand. I t  should no t be 

ambiguous.
3. E ach question should cover exactly the inform ation desired, i.e., it  should be 

sufficiently inclusive bu t unnecessary inform ation should no t be requested.
4. As far as possible, the questions should be such th a t they can be answered by 

“ y es” or “ n o ” or simple numbers.
5. The questions should be such th a t they will be answered w ithout bias.
6 . The questions should no t be unnecessarily inquisitorial or arouse antagonism 

in any way.
7. The printing, typing, paper, letterhead, etc., should be appropriate.

If the questions on a questionnaire are few in number and easy to 
understand, and if they can be easily answered by “ yes,” “ no,” or a 
simple number, a much larger proportion will be returned than there 
would be if the questions were ambiguous or if the answers requested 
were difficult or complicated. Likewise, enumerators working with 
schedules will find that the same principles apply. Unnecessary ques
tions should not be included, as such a procedure makes it more difficult 
for the informant to give the information and increases the expense of 
compilation.

The requirement of simplicity must be considered in relation to 
the particular type of informant. Questionnaires, for instance, 
which might be appropriate for lawyers, might be so complicated 
for laborers that none would be returned. It is extremely important 
to see that the terms used are clear and that they are not subject to

1 F urther examples of questionnaires are presented in Appendix 1, pp. 639-646.
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double interpretation. For example, in a certain automobile and truck 
traffic survey, the questionnaire included the following items: “ Registra
tion fee paid,” and “ City or town.” I t was desired that the informant 
enter after the first item the amount (in dollars and cents) of the registra
tion fee that he had paid, and after the second item the city or town in 
which he lived. However, a considerable number of the returned ques
tionnaires had the entry “ yes” after the first item and “ city” after the 
second item.

I t  is also very important that the questions on questionnaires and 
questions asked by enumerators be worded and explained in such a 
way that the answers will not be biased. In the traffic survey referred 
to above, considerable difficulty was experienced in connection with 
obtaining representative data on overloading trucks owing to the fear 
that the information might be used as evidence of a violation of the law.

When information of a private or personal nature is being requested, 
care should be taken to ask the questions in such a way that they will 
not appear to be unnecessarily inquisitorial, and the point should be 
emphasized that the answers will be held strictly confidential. Other
wise, the informant may resent being questioned and refuse to give the 
information.

The form of a schedule and especially of a questionnaire should be 
appropriate for the purpose at hand. Sometimes high quality, engraved 
stationery and printed forms should be used, while in other instances 
mimeographed letters and forms are appropriate. Often return postal 
cards can be used for simple questionnaires. The arrangement on the 
page should be such that it will be practical from the points of view of 
both the informant and the compilers in the office.

The business statistician observes the above requisites in order that 
his questionnaires may achieve their primary purpose, which, simply 
stated, is “ to get the necessary information.” One of the most important 
safeguards in preparing questionnaires is to require all concerned in the 
investigation to prepare blank tables which will indicate what data are 
finally wanted. Frequently, it is desirable to fill in dummy data where 
one has a rough idea of what the investigation will show. Then the 
questionnaire must be prepared in such a way that there will be no ques
tion but that all of the desired information will be requested.

As a preliminary check upon the clarity of classifications and terms, 
it is well to have several persons in the office, including those who helped 
with the preparation of the questionnaire or schedule, try  out the form 
in the field and then compare results. In a certain survey of automobile 
retail and service facilities, for instance, a schedule supplemented by a 
questionnaire was used and both required the classification of establish
ments as “ retail garage,” “ maintenance garage,” “ service station,”
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“ filling station,” “ storage warehouse,” “ parking garage,” and “ parking 
lot.” Six men, including three who had taken an active part in preparing 
the wording, tested the schedule by filling out the form for a section of a 
certain street. The results varied so greatly that a new set of instructions 
and definitions was prepared. This method can be used, not only as a 
preliminary check on clarity, but also as a check to see whether enumera
tors are well instructed and prepared to carry on the field work.

Methods of checking the data on a questionnaire and of taking the 
data from it should also be worked out and tested before the blank forms 
are finally printed. When a survey involves a wide distribution of a 
questionnaire, it is advisable to try it out on a small proportion of the 
mailing list before going to the expense of sending it to the entire list. 
Such trials often indicate important weaknesses that were not’ thought 
to exist, and the correction of these greatly improves the accuracy and 
completeness of the data when the entire list is used.

Care of Returns.—As schedules or questionnaires are received at 
the central office, they should be carefully and systematically filed in 
preparation for the next step in the work. In a large survey, this 
provision is particularly important in order to prevent confusion and loss.

Before describing the next step in handling field schedules and ques
tionnaires (i.e., compiling the data from them), it is desirable to discuss 
the collection of data from secondary sources which is the subject of the 
next chapter.

Questions and Problems

1. W hat are the im portan t steps th a t should be considered in  planning a statistical 
survey?

2. W hat is m eant by “ defining the problem ?” Illustrate by defining in detail 
such problems as:

a. A magazine survey to determ ine duplication of magazine subscriptions.
b. A house-vacancy survey.
c. A survey of dealers in a certain branded article to  determine their interest

in  the product.
3. W hat precautions should be taken in collecting da ta  as regards statistical 

units, homogeneity, and representativeness?
4. W hat are compensating errors? Cumulative errors? W hy m ust they be 

considered in  the  collection of da ta?
5. Are analyses of business statistics based solely on figures or do other elements 

enter into such analyses?
6. D istinguish between prim ary and secondary d a ta ; prim ary and secondary 

sources.
7. W hat is m eant by “ sam pling” ?
8. Explain the principle th a t “ a m oderately large num ber of items chosen a t 

random  from a very large num ber of item s should have the characteristics of the 
larger group.”

9. Explain the following: th e  principle of statistical regularity; the principle of 
large num bers; the principle of small num bers; the principle of decreasing variation.
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10. Compare random  and directed sampling. Which is m ost often used?
11. How m ay one check th e  adequacy of a sample?
12. S tate and explain the requisites of a  schedule. How is a schedule used?
13. S tate and explain the requisites of a  good questionnaire.
14. (Planning, schedule making, and collection of prim ary data.) Assume th a t 

the class represents th e  sta tistical departm ent of a large furniture store. The director 
of the statistical departm ent receives the following request from the sales m anager: “ In 
connection w ith analyzing the m arket for furniture in  our vicinity, we wish to know 
w hat the proportions of vacancies are in residential buildings by  classes. Will you 
kindly make a field investigation (on the basis of a representative sample), which will 
give us a reasonably accurate idea of the proportions vacan t in apartm ents, single
family houses, and o ther classes of residences? Y our report should be in m y hands 
n o t la ter th an  two weeks from today.”

You then  receive the following instructions from the  director of the survey: “ You 
have seen the le tte r from the sales m anager requesting inform ation on residential 
vacancies. K indly prepare a detailed plan for th e  field work, including a schedule 
and a set of instructions for enum erators (similar to  Exhibits 3A  and 3B  on pages 26 
and 27), for th e  purpose of obtaining information on the proportions of family capaci
ties vacant, occupied, and under construction, by  the different classes—apartm ents, 
single houses, etc. After the schedule is approved, you will collect the desired field 
inform ation from a sample d istrict which will be assigned by the director of th e  survey. 
After the schedules have been filled out, assemble them  and see th a t they  are ready 
for editing.” (This problem will be continued in Question 22 on page 74.)1

15. (Planning, schedule making, and collection of prim ary data.) Assuming th a t 
the class is the sta tistical departm ent of th e  Royal D rug Company, the director of the 
departm ent has received a  le tte r from the president asking him which of several 
near-by corners has the heaviest traffic. The inform ation is to  be used in locating 
another store. The director of th e  departm ent will have the traffic checked on certain 
days or a t  certain periods to  determ ine the num ber of persons passing the various cor
ners classified as to  pedestrians and automobile traffic, as to men and women, and as 
to sides of the intersecting streets.

According to the above requirem ents prepare a detailed plan for the field work, 
including a schedule and a  set of instructions for enum erators, for the purpose of 
obtaining the desired information. After the schedules have been approved, collect the 
desired inform ation a t the tim e and place assigned by the director of the survey. 
When the schedules have been returned to  the office, see th a t they  are assembled in 
preparation for editing. (This problem will be continued under Question 23 on page 
75.)1

1 I t  is the purpose of Problems 14 and 15 on th is page and Problems 22 and 23 
on pp. 74 and 75 to  provide actual practice in connection w ith the  following topics 
discussed in Chaps. I I  and IV in the tex t: Planning a survey; first-hand personal 
enum eration; schedules; questionnaires; sampling; editing returns on schedules; taking 
of da ta  from schedules; tabulation; preparation of final tables; checking accuracy in 
tables; and explanation and interpretation of tables.



CHAPTER III

COLLECTION OF DATA—SECONDARY SOURCES

Much of the work in business statistics involves the use of data which 
have already been collected. They must be compiled from other sources 
in such a way that they will be useful for the investigation in hand. In 
fact, many investigations are based entirely upon secondary data which 
are only indirectly related to the question under investigation, because 
the cost of gathering primary data makes the collection of figures directly 
related to the problem impossible.

Schedules and Forms for Secondary Data.—In gathering secondary 
data, it is usually best to prepare a form or schedule similar to the 
schedule previously described for field enumerators. Such a schedule not 
only facilitates the recording of the data, but it also facilitates later 
compilation and tabulation.

If the data are reasonably complete, this schedule may take the form 
of a blank table. These blank tables can be made in quantities at the 
central office by some duplicating process, or they can be drawn up 
individually in the field if only a few are needed. The use of coordinate 
paper facilitates the laying out of such forms and enables the enumerator 
to line up the data in such a way that it is easy to make computations 
directly from these records. (Tables are described in detail in Chapter 
IV, pages 63-71, inclusive.)

Tendency to Show Favorable Facts.—In most efforts to make 
projects successful, there is a general tendency to disregard the facts that 
would be unfavorable. Business men on the whole, however, wish to 
know both sides of the question, but it is usually much more difficult 
to get adequate information on the unfavorable side of the question. 
Though the actual statistics used in pushing a project may be very accu
rate, it is the common practice to use only the favorable data, and to 
make comparisons only on the bases that are favorable to the project.

As an illustration of the above difficulty, suppose that a New York 
manufacturer wishes to locate a branch at the leading Pacific Coast port. 
Suppose that he writes to Los Angeles, San Francisco, Seattle, and Port
land and inquires regarding the standing of each. He probably would 
find that each one claims to be the greatest port. “ When an attem pt is 
made to answer this question, one immediately runs against the problem 
as to what basis should be taken for computation—whether the volume
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of the commerce or the value of the commerce should be considered. 
Also, should one consider only foreign commerce (as do some eastern 
ports) or should domestic commerce also be taken into consideration? 
If the latter, is it a question of actual ocean commerce, or should local 
movements by barge or river steamers likewise be included? Instead of 
figuring actual commerce, should one take shipping as a basis, and make 
one’s computations on the number of vessels entering into and departing 
from a port in a year, together with their net tonnage ? As a m atter of 
fact, each port has its own favorite way of figuring—depending upon 
which method gives it the best standing. Thus, Los Angeles figures 
it is the second port in America because more tonnage of ocean cargoes 
is handled through her harbor than through any other American port 
with the single exception of New York. San Francisco claims pre
eminence among Pacific ports by reason of the value of her commerce 
rather than on a basis of volume. Seattle’s showing for first place is 
based on entrances and clearances of vessels through the custom house, 
because of the daily commerce with Vancouver, Victoria, and other 
British Columbia ports. Portland makes a very high showing in exports 
to foreign countries because of the tremendous quantities of wheat and 
lumber exported.” 1 The situation just described is common in certain 
types of records of business data as it is natural to present one’s case in 
the most favorable light. As a practical m atter such presentations need 
not be criticized, but the business man must be on guard to see that he has 
adequate information on both sides of a question before drawing con
clusions and making decisions.

Bogus Statistics.—The enthusiastic use of statistics to prove one 
side of a case is not open to criticism providing the work is honestly and 
accurately done, and providing the conclusions are not broader than 
indicated by the data. This type of work must not be confused with the 
unfair and dishonest use of both accurate and inaccurate data, which 
too commonly occurs in business. Dishonest statistical work usually 
takes the form of: (1) deliberate misinterpretation of data; (2) intentional 
making of overestimates or underestimates; and (3) biasing results by 
using partial data, making biased surveys, or using wrong statistical 
methods.

An illustration of unfair use of statistics is found in a report distrib
uted to the public in a certain city in 1928 by a concern whose prosperity 
depends upon a high degree of activity in real estate trading. In order 
to show that people should buy in 1928, the concern forecasted a peak year 
in construction activity in 1929. This was “ proved” by a chart which

1 Clarence H. M atson in Los Angeles Chamber of Commerce Bulletin  104 
(abstracted in part).



36 BUSINESS STATISTICS

showed that peak years in building permits were five and six years apart 
and that it would be six years from the 1923 peak to the 1929 peak. In 
this chart, the curve of actual values was drawn in very lightly, while 
every five or six years a heavy bar was drawn in to represent peak years, 
whether they were there or not. As a m atter of fact, a scientific study 
of the cycles of building activity in this particular city indicates that they 
are ordinarily much longer than six years in length.

The use of statistics is now being regulated to a certain extent and 
undoubtedly this regulation will increase. The Federal Trade Commis
sion, the Securities and Exchange Commission, the Better Business 
Bureau, and various trade and civic organizations have already done 
much to discourage dishonest use of statistics.

Importance of Original Sources.—Ordinarily, in the use of secondary 
data one should select a source which is as near the original source as 
possible. In general, there is a tendency for reprints to be less reliable 
than the original tabulations, because of errors in transcription and the 
practice of abbreviating or summarizing the data and the explanations. 
The term “ original source” as here used refers to the first compilation 
and its revisions. (It does not follow, of course, that the first compilation 
should be used instead of the revisions.)

I t  will be noted that the rule above is not stated arbitrarily. Some
times the secondary data are more reliable than the primary data. This 
is true when those who are responsible for a secondary compilation check 
and analyze the data so carefully that errors in the original tabulation 
are discovered and eliminated, or important qualifications are indicated.

Important Sources of Secondary Data.—A number of the more 
important secondary sources of statistical information will be introduced 
at this point.1 The most readily available and widely used data are 
those of the Federal and state governments, commercial and trade asso
ciations, trade papers and magazines, daily papers, private services, 
research bureaus, and yearbooks—whether published by government 
agencies or private organizations.

For the purposes of this discussion, the sources of general business 
statistics will be divided into four principal groups—namely, (1) govern
ments, (2) commercial and trade associations, (3) trade papers and tech
nical periodicals, and (4) private organizations. However, the line of 
demarcation between these groups of sources is not always well defined, 
as each one uses data obtained from the others.

Government Sources.—Federal, state, and city governments are 
important sources of statistical data which are issued currently. As a 
complete list of Federal and other government sources of statistics would

1 For a more complete list, see Section I I  of Appendix IV  to this book (pp. 693 to  
712) and Market Research Sources, compiled by  the  U nited States D epartm ent of Com
merce, published by the G overnment Printing Office, W ashington, 1938.
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require several volumes, only those of greatest general interest can be 
included in this discussion. The Federal Government sources will first 
be considered.

The Department of Commerce, Bureau of Foreign and Domestic 
Commerce, publishes the Survey of Current Business which is one of the 
most complete reports available on current statistics. This publication 
each month presents the principal statistical facts regarding the most 
important lines of trade and industry. Detailed tables are published 
in special issues, giving for each item monthly figures for the past several 
years, and yearly comparisons are given back to 1913 when possible. 
In addition to the monthly and special reports, supplements are issued 
every week, which give such information as has been received during the 
previous week. The compilation consists largely of secondary data. 
The object is to bring together data which are scattered in hundreds ol 
different publications and other sources, and to make them available to 
business men and others in a convenient form at a very low cost.

Another important publication of the Bureau of Foreign and Domestic 
Commerce is Commerce Reports, which is a weekly survey of foreign 
trade and gives various data regarding business conditions in foreign 
countries. The Monthly Summary of Foreign Commerce is also an 
important source of data on foreign commerce. Domestic Commerce 
contains much valuable statistical information on domestic marketing. 
The Bureau of the Census compiles various monthly reports, such as 
those on coal stocks, cotton consumption, and cotton ginned, in addition 
to the regular biennial, decennial, and other census reports.

The Department of Agriculture publishes each month Crops and Mar
kets. This is a compilation of the most recent data regarding current and 
prospective crop conditions.

The Department of Labor publishes the Monthly Labor Review, which 
contains special information concerning labor conditions as well as data 
on prices and costs of living.

The Board of Governors of the Federal Reserve System publishes each 
month the Federal Reserve Bulletin, which contains a variety of statistical 
information regarding financial conditions, production, stocks, shipments, 
and prices in different countries.

The monthly letters of the twelve Federal Reserve banks show the finan
cial conditions of the banks in each section and present many other types 
of statistics which are of value in analyzing district business conditions.

Many other publications, which contain statistics of interest to busi
ness men, are published by the Federal Government. Some of them are 
published at regular intervals, and others are single reports presenting 
the results of special investigations. The Government Printing Office 
is the largest printing establishment in the world, and there are but few, 
if any, business investigations in which at least some of the government
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publications would not be of value. Because of limited space, it is 
possible to mention only a few of the most widely used publications in 
this text. Lists of publications on given subjects may be obtained 
from the Government Printing Office or Federal departments concerned.1

The state governments publish various types of statistical reports. 
The annual reports of certain departments often contain statistical data 
that are valuable in particular cases, and much of the information pub
lished in these reports can be obtained currently. Not only do the 
various state departments publish data on their own activities, but 
many of them compile outside data. Instances of this are the data on 
weekly earnings and unemployment published by the Industrial Commis
sion of New York, building and employment data published by the 
Massachusetts Department of Labor, the mineral industry reports 
of the State of California, and the highway traffic statistics of the state 
highway commissions.1

City governments are also important sources of statistical information. 
While most of the data ordinarily have to be gathered for the purpose 
a t hand directly from the city records, many cities publish certain types 
of statistics a t regular intervals. One of the most important of these is 
monthly data on building permits.

Commercial and Trade Association Reports.—The term “ trade asso
ciation,” as here used, refers to the various organizations of business men 
and businesses which have been developed for the purposes of improving 
conditions in certain trades or lines. Many of these organizations have 
as one of their purposes the collection and dissemination of statistical 
information. Some of the important trade journals are closely connected 
with trade associations. Much of the information collected by trade 
associations is not published, although it would be of great value to 
business men generally in analyzing business conditions.

Some of the more important associations which publish reports cur
rently are as shown in the table on page 39. This list is intended to be 
a representative one of national interest, although it does not include 
all the important commercial and trade sources. Many other valuable 
sources of this class will be found by referring to the list published 
in certain issues of the Survey of Current Business. The United States 
Bureau of Foreign and Domestic Commerce publishes a directory of 
trade associations which can be obtained from the Government Printing 
Office. A number of these associations compile valuable statistics that 
are not regularly published, but which will be furnished to interested 
parties under certain conditions. The United States Department of 
Commerce makes much of this material available through the Survey 
of Current Business.

1 For more complete lists of Federal and s ta te  governm ent sources, see references 
in  footnote on p. 36.
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Among the more important local associations furnishing statistics 
are chambers of commerce, real estate boards, and the bank clearing
house associations. Although, in many instances, chambers of commerce 
are essentially booster organizations, they ordinarily are able to furnish 
valuable statistical information concerning the community. The relia
bility of the data depends upon the individual chamber of commerce,

Name of association D ata
Where Frequency of

published publication

American Iron and Steel Steel production T rade papers M onthly
Institu te

M onthlyAmerican Paper and  Pulp Paper and pulp pro Monthly Report
Association duction

American Petroleum  In Gasoline consump Bulletin
stitu te tion, etc.

M onthlyAssociated General Con Indexes of construc The Constr uctor
tractors of America - tion cost and volume

Association of American Car loadings Printed statem ents M onthly
Railroads

Chicago Board of Trade W heat, corn, and oats T rade papers Daily
receipts, etc.

W eeklyC otton Textile In stitu te Cotton yarns and 
cloth printed

Weekly Report

N ational Association of Index of real estate Bulletin
Real E sta te  Boards sales

N ational Board of Fire Fire losses Trade magazines M onthly
Underwriters and newspapers

N ational Electrical M anu Electric motors, etc. Nema Survey M onthly
facturers Association

Portland Cement Associ Pavem ent contracts Concrete Highways M onthly
ation awarded

Rubber M a n u fa c tu re r s Consumption of rub P rin ted  reports M onthly
Association ber

U nited T ypothetae of Printing activity Typothetae Bulletin M onthly
America

but in cases where the degree of reliability is not known, the data should 
be checked in some manner, if possible. Real estate boards may have 
vacancy data or other statistical information on real estate situations. 
Bank clearing associations issue reports on bank clearings. Ordinarily, 
one can also find many other organizations in a locality which compile 
statistical information. These will vary from one community to another. 
If the data are in existence and one does not know to what organization 
to go, he can first inquire where he thinks the prospects are best, and he 
will ordinarily be directed to the organizations which have the data.

In addition to the above, which are strictly local organizations, state
wide organizations, such as the California State Chamber of Commerce,
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or regional organizations, such as the New England Council, are impor
tan t sources of statistical information.1

Trade Papers and Technical Periodicals.—Much valuable statistical 
information is published regularly in trade papers and technical period-

Publication

American Metal Market 

The Annalist 

The Bond Buyer 

Coal Age

Commercial and Financial 
Chronicle

Electrical World

Engineering and M ining Jour
nal

Engineering News-Record 

Iron Age

New York Journal of Commerce

Northwestern Miller 
Oil and Gas Journal
Oil, Paint, and Drug Reporter

Printer’s In k  
Railway Age
Statistical Sugar Trade Journal 

The Wall Street Journal

Typical da ta

Composite pig-iron and steel 
prices

Stock sales, prices, etc.

S tate and municipal bond 
issues and yields 

Mine price of bitum inous 
coal

Cotton, visible supply 
In terest rates on call loans 
and  commercial paper 

New corporate securities

Sales of electrical energy, 
central stations 

Prices of copper, lead, and 
zinc

Construction cost index

Pig-iron production, fur
naces in blast, etc.

D ividend and interest pay
m ents and new incorpora
tions 

Fire losses 
Grain receipts, etc.
Gasoline prices 
Price indexes of drugs, oil, 
etc.

Magazine advertising 
Railway-equipm ent orders 
Sugar stocks, receipts, m elt

ings, and Cuban statistics 
Stock and bond sales and 

prices

W hen data  listed are 
published

F irst or second week 
of m onth 

F irst weekly issue of 
m onth (Fridays) 

F irst weekly issue of 
m onth (Saturdays) 

Weekly (Thursdays)

Weekly (Saturdays) 
Weekly (Saturdays)

L ast weekly issue of 
m onth (Saturdays) 

F irst weekly issue of 
m onth  (Saturdays)

F irst weekly issue of 
m onth 

F irst weekly issue of 
m onth  (Thursdays) 

F irst week of m onth, 
or ten th  of m onth

T en th  of m onth  
Weekly (Wednesdays) 
Weekly
Weekly (M ondays) 

Second week of m onth 

W eekly (Fridays) 

Daily

icals. This is especially true for the period since the World War. Some 
of the more important periodicals which publish statistical data of value 
in analyzing current conditions are presented in the list shown above.

1 For more complete information on commercial and trade association statistics, 
see references in footnote on p. 36.

COLLECTION OF DAT A—SECONDARY SOURCES 41

While this is a representative list of the more important technical 
periodicals for general purposes, it is not complete, and many other 
periodicals are published which furnish valuable statistical information. 
Brief descriptions of these publications will be found in Crain’s “ Indus
trial Marketing.” 1

Private Organization Statistical Reports.—Many concerns are now 
issuing various kinds of statistical data. Some of these data are 
external, collected in the course of the concern’s business, while others 
are internal, such as sales, which are often of general interest to 
the public. Among the more important sources of data of this type 
are the following:

Name of organization D ata Where published
Frequency of 
publication

A b e r t h a w  Construction Building costs Trade papers As issued
Company

American Appraisal Com Construction costs American Appraisal M onthly
pany News

Best, A. M., & Company Insurance data Reports M onthly
Dodge, F. W., Corporation Construction con Dodge Statistical Re M onthly

trac ts  awarded search Service
General M otors Corporation Sales of cars Financial papers M onthly
Lloyd’s World ship con P rin ted  release Quarterly

struction
Kresge, S. S., Company Chain store sales Financial papers M onthly
N ational Bureau of Eco Purchasing power, Special reports As issued

nomic Research etc.
Polk, R. L., & Company New passenger-car Automobile trade M onthly

registrations papers
Sears, Roebuck & Company M ail-order sales Financial papers M onthly
U nited States Steel Corpo Unfilled o r d e r s , Press releases M onthly or

ration earnings, wages quarterly
Woolworth, F. W., & Com Chain-store sales Financial papers M onthly

pany

The National Bureau of Economic Research listed above was formed 
for the purpose of carrying on “ impartial investigations in the field of 
economic, social, and industrial science.” Its statistical compilations 
and analyses in connection with national income, business cycles, unem
ployment, economic changes, and other business and economic problems 
are of great value to the serious student of business.

Economic and Statistical Services.—In addition to the above, there 
are several economic and statistical service organizations which make

1 Published by  Advertising Publications, Inc., 100 E ast Ohio Street, Chicago. 
See also references in footnote on p. 36.
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it their business not only to collect but to analyze data for the general or 
special use of business men. Among the best known of these are: Bab- 
son’s Statistical Organization; The Brookmire Economic Service; 
Moody’s Investors Service; and Standard Statistics Company. The 
work of these services will be discussed in some detail in Chapter XVII 
on Business Forecasting.

A description of many other statistical services of general and special 
natures will be found in the 1938 edition of the “ Handbook of Commercial 
and Financial Information Services” issued by the Special Libraries 
Association.1 This handbook describes statistical services available from 
commercial sources. I t  includes all of the well-known services and a 
brief description is given of the facilities of some of the smaller agencies 
which are less known, but which furnish special information of value.

University Bureaus of Business Research.-—Many universities have 
established bureaus in recent years which compile and analyze business 
statistics. Among the universities which have such bureaus or carry 
on business research are: Harvard University, University of Chicago, 
New York University, Northwestern University, University of Penn
sylvania, University of Pittsburgh, University of Wisconsin, Leland 
Stanford University, Ohio State University, University of Denver, Brown 
University, University of Iowa, University of Michigan, University of 
Oregon, University of Texas, and University of Illinois.2

As the work of these bureaus is usually directed and carried on by 
highly trained staffs, it is ordinarily carefully and accurately done, and 
many valuable contributions have been made. Some of the results of 
this work are distributed gratis, but usually a charge is made. Much 
of this work is highly specialized and direct inquiries must be made in 
order to secure accurate descriptions of it.

Yearbooks and Other Reference Books.—The preceding publications 
are principally of a current nature. That is, they are published monthly, 
weekly, daily, or at irregular intervals as soon as the data are available. 
In addition to these, there are several yearbooks that are valuable sources 
of statistical information, especially that which extends back over a 
considerable period of time. Some of the yearbooks are of great value 
in that they furnish convenient sources of summarized information over 
long periods, and if more recent or more detailed data are required, refer
ences are given to the proper sources.

The brief description given below includes the more widely used 
government and private statistical yearbooks.

1 Further information relative to  th is handbook m ay be obtained from local 
libraries. See also the references in the footnote on p. 36.

2 For a more complete list, see second reference in the footnote on p. 36.
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One of the best yearbooks on American economic statistics is the 
Statistical Abstract. This publication presents a digest of statistics 
relating to business collected by all statistical agencies of the national 
government, as well as those of a considerable number of state and private 
agencies. I t  includes some 850 pages of data on area, population, immi
gration, public land, climate, government finances, money and banking, 
wealth, prices, wages, communication, electric light and power, public 
roads, motor vehicles, railways, commerce, farm products, fisheries, 
minerals, manufactures, and other subjects of interest to the business 
man. I t is compiled by the Bureau of Foreign and Domestic Commerce, 
and bound volumes are sold by the Superintendent of Documents.

For many years, the Statesman’s Yearbook (published by The Mac
millan Company, New York) has been one of the best general-reference 
yearbooks. I t covers a wide range of subjects, and is recognized as a 
very reliable source of information.

The well-known World Almanac, published by the New York World- 
Telegram, covers a wide range of subjects, with special emphasis on New 
York data. I t  is a popular yearbook because it is issued promptly on 
January 1 each year, and is sold at a low price. I t  is reasonably accurate, 
although it does not present a dignified appearance.

The United States Department of Agriculture’s Yearbook of Agricul
ture (before 1936) and (beginning in 1936) the separate publication 
Agricultural Statistics contain several hundred pages of statistical data 
on farm production and prices. The yearbook can ordinarily be obtained 
gratis from one’s senator or representative.

The annual Minerals Yearbook covers production, shipments, prices, 
etc., in the mineral industry. I t  is compiled by the United States Bureau 
of Mines, and can be obtained from the Superintendent of Documents.

Of particular interest to sales and advertising managers is the Sales 
Management Reference Number. This is a statistical report published 
by Sales Management, which presents data on United States commerce, 
measures of buying power, extent of the industrial market, distribution 
of goods, advertising appropriations, advertising media, and the foreign 
market.

In addition to the above yearbooks, there are many other valuable 
yearbooks and similar publications which may be found in well-supplied 
libraries.1

Among the reports that are issued regularly, but less frequently than 
yearbooks, are a number of publications compiled by the Bureau of the 
Census. This bureau takes a census of population every 10 years, 
agriculture every 5 years, and manufactures every 2 years. In the 1930

1 For additional information on yearbooks, see references in footnote on p. 36.
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census, a census of distribution was included. A census of business was 
taken in 1933 and 1935. These and other reports are enumerated in 
“ A List of Publications of the Department of Commerce” which is avail
able, without charge, from the Superintendent of Documents.

For those who wish to make long-term studies of monthly data and 
analyses which involve the use of such data as daily stock prices, the 
Standard Statistics Company’s Base Book is one of the most compre
hensive and complete compendiums of business and financial statistics 
available. I t  contains long-term monthly statistical records and graphs 
of prices, production, foreign trade, consumption, stocks on hand, stock 
and bond price indexes (including some daily figures), classified monthly 
data on corporation financing, and other data of interest to business men. 
A number of series are presented by months as far back as 1900 and some 
are given for even earlier periods.

A statistical reference book of great value in making market analyses 
is the Consumers Market Data Handbook, published by the United 
States Bureau of Foreign and Domestic Commerce. I t  is probably the 
most complete report available covering certain types of information on 
consumer markets. Data are given by counties on population, manu
facturing, agriculture, mining, income tax returns, telephones, electric 
consumers, automobile registrations, periodical circulation, number of 
trade outlets, number of farms, farm values, types of industry, and other 
items of special interest in analyzing commodity markets.

The Market Guide, published annually by the Editor and Publisher 
Company, New York, provides a helpful summary of statistical data 
pertaining to small towns and cities, and includes state summaries.

Market Research Sources, published biennially by the United States 
Department of Commerce, Bureau of Foreign and Domestic Commerce, 
is a guide to statistical publications that is of great value in many kinds 
of industrial financial market, real estate and other business analysis.1

Other Sources of Information.—I t has been the purpose of this dis
cussion to introduce the student to some of the more important sources 
which publish reports regularly. Familiarity with these will indirectly 
acquaint one with many other general and specialized sources which will 
be of value in making statistical investigations. Many other good 
sources of statistical information will be found by referring to the various 
directories of publications. Some of the most important of these direc
tories have been mentioned in the preceding discussion.

Often an investigator has a general idea that the information for 
which he is searching appears in published form, but he does not know 
the names of the publications in which the information appears or where

1 See second reference in footnote on p. 36.
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to find them. Ordinarily, the best procedure in searching for such sources 
is to approach statistical organizations and others who are most likely 
to know where the desired information can be found, and if they do not 
know, they may be able to refer the investigator to someone who does. 
This method may involve a long series of calls—that is, the investigator 
first calls upon Jones, who tells him that Smith may know, and Smith, 
in turn refers him to Brown, etc. However, by following up these leads, 
the investigator is ordinarily able to determine the source of the informa
tion, or tha t it is not available. _ .

Estimation and Indirect Sources.—It often happens in business 
surveys that secondary data are not available and that the cost of making 
a complete count or even of taking a sample is prohibitive. Consequently, 
it may be necessary to use careful estimates instead.  ̂If the estimates 
are made independently and without bias by skilled estimators, they are, 
often of as great practical use in determining policies as would be an 
exact count. If, for instance, in making a market analysis, it is necessary 
to know the distribution of the purchasing power in a given city, a good 
idea of the distribution can be gained by estimating the value of the 
occupied dwellings and (after determining by means of a sample the 
average relation of dwelling value to income) converting the estimated 
values to income figures. Such an estimation does not measure the 
distribution, but it  may be said to indicate it. In large cities, figures 
are often available on school enrollment, water services, and other series 
which have a reasonably constant relation to the population. Conse
quently, population growth can be estimated from these bases. Great care 
must be taken, however, when making such estimates to make all neces
sary corrections and to make allowances for any bias or cumulative errors.

Cost is not the only factor that makes it impossible to make surveys 
in certain instances. I t  frequently happens that, as a practical matter, 
the information can not be secured at any cost. In such instances, it 
may be desirable to make a complete or extensive enumeration of cer
tain basic items, or to secure the data from secondary sources if they 
are available, and then tie certain other data to these basic data by 
means of special investigations made by other skilled workers. For 
example, it may be impossible to secure figures directly as to the total 
sales made by a given class of manufacturers, though a t the same time 
these manufacturers would give full information as to employees and 
pay roll In  this case, skilled investigations might readily determine 
average ratios between sales and pay rolls by using adequate samples 
and estimates of the desired total sales figures might be made which would 
be sufficiently accurate for the purpose at hand.

Assembling and Presenting the Data.—After the schedules, question
naires, and other primary or secondary records in a particular investiga-
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tion have been accumulated at the central office, the next major step 
is to combine the data in various groups or classifications (which, in a 
well-planned survey have been predetermined as far as possible). That 
is, the data from the schedules, questionnaires, and other records must 
first be assembled in the form of detailed master working tables, and then 
the final presentation may be in the form of finished tables, running text, 
or graphic charts. To explain in some detail the assembly and presenta
tion of statistical data is the objective of the next three chapters.

Questions and Problems

1. Why are secondary data  often used instead of prim ary data?
2. W hat kinds of forms are used in compiling secondary data?
3. W hy is it easier to find favorable data  than  unfavorable data?
4. W hen using secondary data , why m ust one be on guard against deliberate 

m isrepresentation of d a ta ; intentional overestim ates or underestim ates; and biased 
results due to use of partia l data , biased surveys, or wrong statistical m ethods?

5. W hen are prim ary data  more reliable than  secondary d a ta?  W hen are second
ary  da ta  more reliable than  prim ary?

6. W hat im portan t current sources of business statistics are published by  the 
Federal Government?

7. W hat types of inform ation are published in th e  Survey of Current Business?
8. W hat governm ental agencies o ther than  those of the national governm ent 

publish statistical inform ation th a t is valuable in business analysis, and w hat are 
some examples of the data  collected and published?

9. Name several associations th a t publish trade papers. W hat local bodies or 
organizations collect da ta  in cities or ad jacent areas?

10. Name several typical periodicals of a technical sort and  m ention typical data  
published by  each.

11. W hat are several private organizations th a t collect and publish information 
on their own or related business activities? Where do they  publish these data?

12. Nam e several national economic or statistical services. Where can one find 
inform ation on other similar services?

13. W hat type of work is done by university bureaus of business research?
14. Describe several yearbooks containing economic statistics. W hat types of 

da ta  are published?
16. When one does no t know th e  sources of th e  inform ation desired, how can he 

proceed?
16. When Census da ta  on population are ou t of date and the cost of taking a new 

census is prohibitive, w hat figures can be used as bases upon which to  m ake population 
estim ates? W hat kind of source would this be, and w hat kind of count would be 
secured ?
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17. (Introduction to  secondary sources.) Familiarize yourself w ith the statis
tical reports, yearbooks, magazines, journals, and services listed below. Only a 
general knowledge will be required a t the present time.

Statistical Abstract. Monthly Review— Federal Reserve Bank
Statesman’s Yearbook. of your district.
Foreign Commerce Yearbook. Commerce Reports.
Monthly Labor Review. Review of Economic Statistics (H arvard).
Fifteenth Census of the United States. Brookmire Economic Service.
Yearbook of the Department of Agriculture. Babson’s Reports.
Federal Reserve Bulletin. Standard Statistics Company’s Service.
Survey of Current Business. Moody’s Investors Service.
Commercial and Financial Chronicle. Poor’s Investment Service.
Engineering News-Record.

18. Compile figures for the U nited States for the last 12 years for the following: 

Pig-iron production (Iron Age).
Bank debits, excluding New York C ity (Federal Reserve Bulletin). 
Construction contracts awarded in 37 states (Survey of Current Business). 
Unfilled orders of the U nited States Steel Corporation (Survey of Current 

Business).
Bureau of Labor Wholesale Price Index (Monthly Labor Review).
New Y ork Stock Exchange Transactions {Annalist).
Prices of industrial stocks (Dow-Jones Averages in Wall Street Journal or other 

newspapers).
(Other sources and other subjects m ay be suggested by  th e  instructor.)

19. Using Market Research Sources (United States D epartm ent of Commerce),1 
compile a  list of Federal and sta te  governm ent, trade association, cham ber of com
merce, trade paper, newspaper, private statistical service, and university  bureau 
sources of specified types of da ta  th a t you believe would be helpful in analyzing the 
following:

a. A national m arket for high-grade radios.
b. A bond of a m anufacturer of automobile tires having a national m arket.
c. Cost-of-living and wage conditions from the point of view of establishing a 

shoe factory in a  new location.

1 See second reference in footnote on p. 36.



CHAPTER IV

TABULATION

After the schedules, questionnaires, or other records of original 
data have been assembled together a t the central office in sufficient 
quantities, definite plans should be made for combining and arranging 
the data in the form of detailed working tables. Later these working 
tables will be revised and presented as finished tables, text, or graphs, 
but the preliminary detailed working tables must be compiled first to 
facilitate the preparation of the finished forms. Before any hand or 
mechanical tabulating work can proceed, however, the schedules, ques
tionnaires, or other records must be edited, and the system of classifica
tion must be checked and reconsidered.

In broad terms, the steps in tabulation are as follows:

Editing (and coding if necessary).
Checking and reconsideration of classifications.
Sorting according to classes.
Counting or compiling.
Preparation of working tables.
Preparation of final tables.

To discuss these steps is the purpose of the present chapter.

Editing the Returns.—The first step after the schedules or ques
tionnaires have been received at the central office is to examine them 
in detail for the purpose of determining whether or not they are complete 
and accurate as far as may be indicated by internal checks. This work 
of editing the returns requires a high degree of skill and care, for it involves 
making additions and alterations, but there must be no falsification of 
the original returns.

If statements are mutually contradictory, it is desirable to determine 
which is correct. If this cannot be done, the return will probably 
have to be discarded. Returns always should be corrected and used 
when possible, since hasty decisions to throw out doubtful returns would 
result in the loss of a large amount of information. When the editor 
enters any corrections, they should be entered in a distinctive ink which 
is readily distinguishable from the original. Any original data which 
are in error should be canceled in such a way that they can be used again 
if necessary. Data should never be destroyed by erasure.
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P u r c h a s e s  o f  t h e  W e s t e r n  E l e v a t o r  C o m p a n y  1937 
By Kinds of Grain

Dollars
Grain .....................................  22,029,288.40

...................................................................................  ......... 18,882,247.20

........................................................................................ 13,217,573.04

................................................................................. 5 ,664 ,674 .16

..............................................................................  .................... 1 ,258,817.50

....................................................................................................... 1 ,258,815.46
F lax ........................................................................... 629,408.24
Bui'kwl;eat............................................................, . . w i

T o ta l....................................................................
A —  Classification by commodities.

P u r c h a s e s  o f  t h e  W e s t e r n  E l e v a t o r  C o m p a n y — 1937 
Origin by States

Dollars
State ............................  12,588,164.80

................................................................................  .................  11 ,329,348.32
lm n0is ■:..................................................................  .............  9 ,441 ,123 .60
W isconsin....................................................... ............................ 8 ,811,715.36
M ichigan........................................................  8 ,182,307.12
M innesota............................................................................  6 294,082.40
M issouri............................................................ 5 ,035,265.92
N ebraska. ...........................................................  1 ,258,816.48
South D a k o ta .......................................................................  — ’ -

T o ta l........................................................................................  0 2 ,« 40 ,824.00
B .— Classification by states.

P u r c h a s e s  o f  t h e  W e s t e r n  E l e v a t o r  C o m p a n y — 1937 
By Months

, Dollars
Mont ..................................  3 ,892 ,560 .12

i a“ u a ry ................................................  ................................. 3 ,087 ,532 .08
F eb ru a ry .......................................... 2 ,123 ,567 .00
M arch ......................................................................

Auril .......................................................................... 3 ,002,781.02
............. ..........................  1 ,578,832.01

^ a y ................................................  . . .  1 ,206,878.00
Ju n e ..............................................................................

j  . ........................ ... 1 ,789,862.21
..................................  ............. ... 4 ,987 ,700 .04

S e ^ e m b e r . . . .  • • • • ........................................... ...9 ,882 ,830 .12

r berb........................:::: S:SS:S!:!i
T o ta l........................................................................................ 62,940,824.00

C.—Classification by m onth of purchase.

E x h i b i t  5 .__ T h r e e  d iffe re n t c la ss if ic a tio n s  o f o n e  c o n c e rn ’s p u rc h a s e  d a ta .
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If data are to be segregated by descriptive classes or class intervals, 
it is always necessary in machine tabulation, and sometimes desirable in 
hand tabulation, to give these items or classifications numerical designa
tions. This work, known as coding, is usually carried on in conjunction 
with editing. Since an understanding of coding depends to a certain 
extent upon a knowledge of machine tabulation, further study of this 
subject will be reserved until after some consideration has been given to 
machine methods.

Final Classification.—In a well-balanced statistical investigation, the 
scheme of classification is commonly determined as far as possible before 
the data are gathered. However, a complete classification can seldom 
be worked out for working tables until after the data have been collected 
and edited, or for final tables until after the working tables have been

OFFICE SPACE RENTAL RATES

RENTAL PER SQ. 
FT. PER YEAR TALLY TOTAL

S 1.00-S 1.49 // 2
£ 1.50-S 1.99 m  /// 8
S2.00-S2.49 m j  f w  /// 13
S2.50 -S29 9 f w  / w  / w  r w  //// 24
S3.00-$3.49 m j  m  /h/  m /  r w  r w  / 31
S3.50 -S3 9 9 m /  m j  m j  /// 18
S4.00-S4.49 r w  m j 10
$4.50-$4.9 9 /w  // 7
$5.00-$5,49 / 1

E x h i b i t  6 .— A  t a l l y  s h e e t .

finished. I t is often necessary to collect the original data in great detail 
in order that the final classification may be determined in a satisfactory 
manner. Then the individual items can be grouped systematically 
according to their common characteristics, and the relationships between 
items and groups can be brought out by the arrangement.

Often the same data are classified in a number of different ways. 
Exhibit 5 illustrates three different classifications of the purchases of the 
Western Elevator Company in 1937. The subject of classification is dis
cussed in greater detail in Chapter VII on Statistical Distributions.

Hand and Machine Tabulation.—Ordinarily in a statistical survey 
the decision will have been made, before the field work has been started, 
as to whether hand or machine tabulation methods will be used. I t is 
important that this decision be made in drawing up the original plans 
of procedure because the different tabulation methods usually require
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different kinds of schedules, questionnaires, etc., to obtain the greatest
efficiency in sorting and tabulating.1

In hand tabulation, the schedules or questionnaires are sorted by 
hand into groups according to the smallest classification break-down 
required. Then the necessary counts and additions are made (using 
an adding machine when feasible) and the results are entered on the 
master working table. The work of counting or “ tallying ” may be facili
tated by the use of the tallying sheet, illustrated in Exhibit 6.

In machine tabulation, the original data from the schedules or ques
tionnaires are punched on cards. These cards are sorted by machine 
according to the desired classifications, then the counts or additions are 
made by machine and the results are automatically recorded in tabular 
form.

The procedure in both hand and machine tabulation will now be, 
illustrated in detail by describing the steps necessary in sorting and 
compiling the occupancy survey data by census tracts gathered on the 
schedule illustrated in Exhibit 3A on page 26.

Hand Tabulation.—Referring to Exhibit 3A on page 26, it will 
be noted that the census-tract numbers appear on the schedule cards. 
Let us assume that the editing work has been completed and that the 
census-tract numbers have been checked. Also let us assume that the 
cards have been filled out by postmen and that they still are arranged 
according to postmen’s routes, which, of course, may cut across several 
census tracts.^ The first step is to sort the schedule cards according 
to census tracts. If the tract numbers have been carefully entered on 
the cards, this sorting is a routine matter, yet it requires considerable 
care if errors are to be prevented.

The next step is the compiling of the various classes of data according 
to each tract. Using an adding machine, the figures are added directly 
from the original field cards and the totals are recorded on a master 
working table, such as the one illustrated in Exhibit 7, on the following 
page. That is, one would take the pack of cards for one tract and add 
up the items for, say, number of units occupied in single houses, check 
the adding machine tape back with the cards, and record the total 
in the proper column opposite the proper tract number on this working 
table. Then one would follow the same procedure for the next item in 
the single family house column (units vacant) and so on. The adding 
machine tapes should be kept in order and when a tract has been com
pleted the entries that have been made on the master working table should

1 The term s “ tab u la tin g ” and “ tab u la tio n ” when used in this sense should no t be 
confused w ith the same term s when used in  connection w ith the making of tables.

2 A census tra c t is a  relatively small area usually including, in the larger cities, a 
population of from roughly 2,000 to 10,000.
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again be checked with the totals on the tapes. Other orders of procedure 
may be followed, and additions may be made without machines or by 
machines without tapes, but whatever the methods may be, they must 
provide for the foregoing entries and checks.

Considerable care should be taken in drawing up the master working 
table form. All of the classifications to be used should be included, 
and the tract numbers should be arranged in geographical groups for 
convenience in use (see Exhibit 7). The sheet should be as large as is 
necessary for properly recording the data—it may have to be two or three 
feet long in order to accommodate the necessary classifications. It 
will be noted that the table in Exhibit 7 provides space for entering 
percentages which are to be computed after the counts have been entered.

In arranging the census tracts on tables, it is advisable to group 
them so they can be combined readily into larger statistical districts. 
I t  may be advisable, for example, to combine, say, one hundred census 
tracts into, say, ten statistical districts. If the census tracts can be 
combined so that each group is reasonably homogeneous, it will be more 
satisfactory from certain points of view to have a city divided into, for 
instance, ten parts rather than one hundred. The original data should be 
recorded by small tracts, however, so that combinations can be made 
in accordance with the various requirements, and so that the more 
detailed types of studies can be made of the developments and distribu
tions within the city.

After the number of units occupied, vacant, and under construction, 
and the number of extra families, have been compiled, by different types 
of buildings, and recorded on the master working table, the totals of the 
different unit items for the city can be found by adding the columns verti
cally, and the total units by types of buildings can be determined by add
ing the unit items horizontally. The percentages occupied, vacant, and 
under construction, can now also be computed and entered in the proper 
places on the master working table. The base for these percentage 
computations should ordinarily be the total of all units occupied, vacant, 
and under construction.

After the master working table has been completed, it can be broken 
down or rearranged into whatever final tables will best meet the require
ments of the survey.

Machine Tabulation (Occupancy Survey Example).—The problem 
of sorting and tabulating the data from the occupancy survey schedule 
shown in Exhibit 3A on page 26, which was used to illustrate hand 
tabulation, will now be used to illustrate machine tabulation.

Mechanical sorting and tabulating equipment and supplies are fur
nished by two concerns: The Electric Bookkeeping and Accounting 
Machine Division of the International Business Machines Corporation,
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and the Powers Accounting Machine Division of Remington Rand Inc. 
The Machines of the former company are commonly referred to as 
“ I.B .M .” or “ Hollerith” machines and those of the latter are referred to 
as “ Powers” machines. Each set of equipment consists of one or more 
key punches, a sorting machine, and a tabulating machine.
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B .— An 80-column occupancy survey tabu la ting  card punched to  represent th e  d a ta  shown 
on th e  enum erator’s field schedule presented in E xhibit 3A  on page 26.

E x h i b i t  8.— Exam ples of tabu la ting  cards (full size 31 X 7 f inches). (A , courtesy, 
International Business Machines Corporation; B , courtesy United States Department of Com
merce and National Conference on Construction.)

The basis of mechanical sorting and tabulating is a card known as a 
“ tabulating card,” “ punch card,” or “ code card” (see Exhibit 8), to 
which the data are transferred from the field forms by punching holes. 
The position of a hole in the card represents a figure. The hole makes it 
possible for an electrical contact to be made in the case of the I.B.M. 
equipment or a mechanical plunger to pass through the card in the case 
of the Powers equipment, and on the basis of the position of the contact 
or plunger, the cards can be sorted and tabulated mechanically.
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Tabulating cards are of uniform size, namely, X 7§ inches, and 
those in common use have 45, 80, or 90 columns of digits. Blank tabulat
ing cards can be secured upon which there are no captions of any kind 
and upon which there are no lines ruled between the columns of numbers 
(see Part A, Exhibit 8). T his basic card can be adapted to the particular 
purpose at hand by inserting column captions for groups of columns a.s 
desired. In large jobs, the captions and rulings are usually printed on 
the card. The headings for an occupancy survey tabulating card 
corresponding to the field schedule illustrated in Exhibit 3A are shown 
in Part B  of Exhibit 8.

Any number can be recorded in any group of columns by punching 
(by means of a “ key punch”) the successive digits in the columns that 
correspond with the positions of these digits in the written number. 
For example, if the number 456,809 were to be placed on the tabulating 
card in Part A  of Exhibit 8, the digit 4 would be punched in the first 
column by means of the key punch, the digit 5 would be punched in the 
second column, the digit 6 in the third, the 8 in the fourth, the 0 in the 
fifth, and the 9 in the sixth column as illustrated.

The numbers punched upon the code card in Part B  of Exhibit 8 
give all of the essential information recorded on the field schedule shown 
in Exhibit 3^4, page 26. On this card the tract number (162) has been 
punched in the first three columns, the number of single houses occupied
(2) has been punched in the columns which are so designated, and so on. 
(It will be noted that zeros are punched ahead of the figures when they 
are not large enough to use all of the columns allotted. This is done to 
move the key punch into position for the succeeding columns and to 
indicate that the column was not passed in error.)

While the field schedule shown in Exhibit 3A, on page 26, was 
designed to facilitate sorting by tracts in hand tabulation, it is convenient 
and otherwise satisfactory for machine methods. However, when it is 
planned to use machine tabulation, it is often preferable to use a larger 
schedule, which, in the case under consideration, would provide one 
line for one side of a block instead ol a whole card. The headings on such 
a schedule would be similar to those on the master working table of 
Exhibit 7, omitting, of course, the percentage and total columns under 
each major heading. Since one line on such a schedule provides the data 
for one punch card, no difficulty is encountered if a schedule includes 
data for more than one tract, since the mechanical sort of the punch cards 
is for the same purpose as the hand sort of the schedule cards.

After the tabulating cards have been punched, the next step is to sort 
them according to the desired classifications. The “ sorting machine” 
sorts the cards according to the holes punched in one column only at a 
sorting. Io  sort 5,000 cards by 275 tracts, for example, the machine



56 BUSINESS STATISTICS

® S'S s 
■3 .2  a g
o ■c 82 M 0>
5 >h j. .2os a
■2 .a 3 §© C P c » » rCJ a®
® 73 o o » o
<*i eu ©
© *  >3u o -̂*3

•g  'T j +J ^3o y o o> 5 a)j3a -'•S j
•’H o  73 w

§ £ T3 25 © S © £ > 2<c“C o
m <1) 03

-  °* ^  C!
6 'C 0 S © -=:o ^ 2 "Oo « O »O T3„ o
~ .rl 0) 73
'S g1̂  § 
l l  S-s

ti © ftO -Q
: 1 |2  '*c a ?

e3 o> **5 ''o ̂  .S
o* m p • ® o £ ■ ce a * oO ® 0»'O 
0> „4
’•S - ^O. 0 ■“a-a'

.S °3 a .
°  J3

TABULATION 57

will be set to sort the entire 5,000 cards according to the third digit (read
ing from the left) under “ tract.” When this sort has been made, the 
cards will be taken in order from the compartments of the sorter and 
re-sorted according to the holes punched in the second column. Next, 
the cards will again be taken in order from the machine and re-sorted 
according to the holes punched in the first column on the left. The 
result of this operation is an arrangement of the cards by tract num
bers in sequence, which constitutes a complete sort. The procedure 
will be described in greater detail in connection with the example in 
Exhibit 9.

When the cards have been sorted, they are run through the tabulating 
machine, which automatically adds the numbers punched on the cards. 
Two types of tabulating machines are available: One both tabulates and 
records the numbers punched; the other only tabulates without recording 
the numbers and the totals are read from the machine. If recorded totals 
of each of the columns under “ single houses” are desired for each tract, 
for instance, the recording tabulating machine will be set to add and 
record the information in all of these columns. In one operation the 
numbers, represented by the holes punched in the columns headed 
“ occupied,” “ vacant,” “ under construction,” and “ extra families,” 
can be tabulated to give a subtotal for each tract and a grand total for 
each building classification.

Machine Tabulation (Sales Record Example).—In sorting and 
tabulating the occupancy survey data as described in the preceding 
paragraphs, the machine method has no general advantages over the hand 
method. This is due to the fact that only one sort is required, that by 
tracts, and that this sort is largely provided by the field-survey procedure. 
That is, with the field cards arranged by postmen’s routes, it is a relatively 
simple m atter to hand sort them into tract groups. And to add up the 
counts on an adding machine is a simpler process than punching the cards. 
But if the data are to be tabulated with the groups arranged to show 
different relationships to each other, requiring several sorts of the same 
data, then the machine method has a great advantage over the hand 
method, for once the data are punched 011 the cards, they can be sorted 
and tabulated mechanically in as many combinations as are desired. 
To illustrate such a problem, the procedure in tabulating the sales data 
in Exhibit 9 will be described.

For purposes of illustration let us assume that the desired compila
tions include the following classes of data:

Sales by commodities by customers by months.
Sales by commodities by salesmen by months.
Sales by commodities by size of sale by months.
Sales by salesmen by size of sale by months.
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Other combinations would also be compiled but the above are suffi
cient to illustrate the procedure when the same original entry is used in 
several different relationships.

Coding.—A punch card with headings corresponding to the captions 
of the table in Exhibit 9, and with the proper number of columns assigned 
to the different items, is presented in Exhibit 10 on page 60. But before 
the tabulating card can be punched, it is necessary to “ code” the sales 
data shown in Exhibit 9. That is, the non-numerical data on the record 
must be given numbers and the manner of punching the numerical data 
must be indicated. This has been done in Exhibit 9 by entering code 
numbers on each of the light lines to represent the corresponding sales 
items on the heavy lines below.

Coding is done according to a definite set of instructions. For 
instance, the instructions to the coder for filling in the code numbers 
on Exhibit 9 included the following:

On the light lines on the schedule, above the lines on which the entries have been 
made, place the proper code num bers in red for all items. In  the following instruction 
list the item s under the caption “ H eadings” refer to both the sales record sheet and 
the punch card, and the entries under “ Punch-card colum ns” refer to num bers a t  the 
bottom  of the punch card.

Headings Punch-card
columns Instructions

Day 1-2 Code day of m onth  directly according to  date.
Month 3-4 Code as follows:

01 Jan . 04 April 07 July 10 Oct.
02 Feb. 05 M ay 08 Aug. 11 Nov.
03 Mar. 06 June 09 Sept. 12 Dec.

Invoice
num ber 5-9 Code invoice num ber directly.

Custom er 10-12 Look up code num ber in alphabetical card file A-106.
City 13-15 Look up tow n or city num ber in alphabetical list TS-16.
S tate 16-17 Look up S tate num ber in alphabetical list TS-16.
Credit 18 Code as follows:

rating 0 under-S  5,000. 5 «  200,000- 500,000.
1 $  5 ,0 0 0 - 20,000. 6 500,000-1,000,000.

• 2 20 ,000- 50,000. 7 1,000,000-2 ,000,000.
3 50 ,000- 100,000. 8 2 ,000,000-5 ,000 ,000 .
4 100,000- 200,000. 9 5,000,000 and over.

Years as 15 Code as follows:
customer 0 under .5 year 5 5-7  years

1 .5-1 year 6 7-10 years
2 1-2 years 7 10-15 years
3 2-3 years 8 15-25 years
4 3-5 years 9 25 years and over

Similar instructions are given for the rest of the items to  be coded.
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On the basis of the instruction list the coder proceeds to code the sales 
data entered on the heavy lines in Exhibit 9, as shown on the light lines 
above each entry. The fifth day of June is coded as 05 under the first 
heading and 06 under the second heading. As indicated previously, 0 
is punched in the columns when the figure is not large enough to require 
their use.1

According to the above set of coding instructions, the invoice number 
is re-entered on the code line (see Exhibit 9). This procedure is followed 
here to simplify the illustration, but it is feasible only when the work 
of transferring the figure to the code line is not great and it is desired to 
simplify the work of the punch operator. When a considerable number 
of large figures are to be punched, some other procedure is followed in 
order to avoid unnecessary copying, such as encircling the figures to be 
punched with the same colored pencil as used in entering the code 
numbers.

To code the name and address of the customer the coder turns to 
the supplemental code lists referred to and finds that the code number 
for J. R. Brown & Co. is 107, that for Philadelphia is 52, and that for 
Pennsylvania is 3, and these numbers are entered accordingly (Exhibit 9).

Obviously, the credit rating could be punched directly in dollars as 
entered on the sales record but to do so would require several columns. 
By grouping the information into classes, as listed in the foregoing instruc
tions, the groups can be coded, and sufficient information can be obtained 
by punching only one column. This method greatly increases the effi
ciency of coding, punching, sorting, and tabulating, and it is also often 
used to save space when there is difficulty in placing the desired informa
tion on one card. A similar method is used in coding the number of 
years that the purchaser has been a customer.

Sometimes the work of editing and coding is combined, and sometimes 
the work is divided among several persons, the more complicated editing 
and coding being done by the more experienced and skillful workers. 
On simple schedules the work of coding can sometimes be omitted, and 
the information can be punched directly by a specially trained operator.

Punching from Coded Records.—After the information on a schedule, 
questionnaire or other record has been coded and checked, the next step 
is to punch the information on the tabulating cards. The record in 
Exhibit 9 is designed so that the information on one line is transferred to 
one card as previously indicated. The punch operator, therefore, simply 
punches a card for each coded line. That is, the information on the top 
line of Exhibit 9 is punched on the card in Exhibit 10. It is obviously 
important, in securing the greatest efficiency in punching, to have the

1 By over-punching November and December in th e  m argin of the card, it  is 
possible to  punch 12 m onths in one column.
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items 011 the record and 011 the punch card arranged in exactly the same 
order (see Exhibits 9 and 10).

I t  should be appreciated that Exhibit 9 has been designed to provide 
a simple illustration of the general procedure in coding, and that in actual 
practice, since nearly all of the information in this particular example 
is taken from the invoices, it would ordinarily be feasible to code the 
extra information directly on the invoice sheets and have a specially 
trained operator punch directly from these invoices. As a general rule, 
in the more complicated surveys, however, the information should be
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E x h i b i t  1 0 . '—-Tabulating card punched to represent the  da ta  on the top  line of the  sales 
analysis record of E xhibit 9. (Courtesy, International Business Machines Corporation.)

recorded and coded on a field schedule or intermediate form meeting 
the general requirements of Exhibit 9.

Sorting and Tabulating the Sales Record Data of Exhibit 9.—After 
punching the code cards, the next step is sorting according to the classifi
cations by which the information is desired. In order to illustrate the 
sorting procedure, let us refer again to the four classes listed on page 57. 
As all four of the classes are by months the first sort would be by months. 
As three of the classes are by commodities, the next step would be to 
break down each month by commodities. Then each commodity group 
for each month would be sorted by customers for the first class, salesmen 
for the second class, etc.

In order that we may appreciate more clearly the details of the sort
ing operation, let us consider again the first class mentioned above, viz., 
sales by commodities by customers by months. Suppose that we wish to 
sort the cards for bronze castings for October by customers. All of these 
cards have been punched 0 in the month column and 1,216 under the 
commodity heading, and the problem is to group all like numbers together 
that represent customers. As previously mentioned, the machine sorts 
according to the holes punched in one column only at a sorting. It may
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help to understand the principle of the sorting operation if we suppose 
that we wish to sort all of the sales cards for J. R. Brown & Co. (customer 
107) from the entire set of cards for the year. This sorting might be 
done as follows: First, set the machine to sort all of the cards according 
to the first digit on the left. Then take the cards from the compart
ments of the sorter, and re-sort the cards punched 1 in the first column 
according to the holes punched in the second column. Then re-sort the 
cards having 0 punched in the second column according to the holes 
punched in the third column, and those in the compartment of the 
machine for the figure 7 will be all of the cards for customer 107.

Now, let us suppose that instead of selecting the cards for a single 
customer, we proceed to sort the entire pack of cards for bronze castings 
by customers. The reader is undoubtedly familiar with the usual 
procedure in hand sorting, and if he were to sort these cards, according to 
3-digit numbers, by hand, he would ordinarily sort first according to 
the figures in the hundreds place, then he would sort each pack separately 
according to the tens place, and then each of the new packs according to 
the units place. Likewise, by the machine method, the sorter could be set 
to sort the cards according to the first digit of the 3-digit code. Then 
the cards could be taken from the compartments of the sorter and 
each pack re-sorted according to the next column on the right. Then 
each of these sorts, in turn, could be re-sorted according to the third digit, 
which would complete the sorting by individual customers. This pro
cedure, however, would require 111 runs for a completely used 3-digit 
code, whereas by a less familiar procedure it is possible to sort the entire 
pack in 3 runs.

To sort the entire pack of bronze castings cards by customers in 
3 runs, the procedure is as follows: First, sort on the third digit (counting 
from the left). Then keeping the cards in order as they are taken from 
the pockets and placing them in the machine to be run in ascending 
order, sort on the second digit. Now all of the l ’s in the third place 
will be arranged according to the sequence of the second digit. Then 
repeat the process for the third digit, and the entire pack will be arranged 
according to the sequence of the customer code numbers a t the end of 
the third run.

After the cards have been sorted in the above manner according 
to sales by commodities by customers by months, and tabulated, the 
process is repeated for sales by commodities by salesmen by months, 
and for sales by commodities by size of sale by months. Then to sort 
by sales by salesmen by size of sale by months, the commodity break-down 
is ignored and each month is sorted by salesmen and then by size of sale.

The above brief descriptions of a few of the sorting operations involved 
in compiling the data from the sales record of Exhibit 9 are believed to
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be sufficient to illustrate the basic principles of the sorting operation. 
Sorting instructions, however, as prepared for the machine operator, 
should be complete for a given survey and cover all of the sorts tha t are 
to be made.

To perform the counting or adding operations required, the packs of 
cards are run through the tabulating machine and the counts or additions 
are automatically made, as was described previously in connection with 
Part B  of Exhibit 8. The printing tabulator can be set to add all of the 
columns of data a t the same time, and to record automatically the 
subtotals each time the customer’s number, for instance, changes. At 
the end of a run, it will record the grand total. The machine can also 
be set so that instead of printing, for example, only the totals of each 
customer’s purchases, it will list each individual purchase and then 
record the total for each customer. The non-printing tabulator operates 
similarly, stopping when the customer’s number changes so the operator 
can copy the totals on his tabulation sheet from the dials.

Formal Presentation of the Data.—After the data have been assem
bled in a preliminary way in the form of detailed working tables, the 
question arises as to the forms in which the final or finished presentations 
should be made. Ordinarily the methods of presenting statistical data 
may be grouped into three broad classes—textual, tabular, and graphic. 
The method or combination of methods to be used depends upon the 
purpose to be served. The same data may be presented in the three ways 
and from different points of view.1

The textual method refers to the presentation of data in paragraph 
form. Textual discussion frequently accompanies a statistical table or 
graph for the purpose of emphasizing the outstanding points. When 
the data are introduced into textual discussion, they are used as required 
and often are not arranged in any systematic order. The following is an 
example of textual presentation:

T he in d ica ted  dom estic dem and  for m o to r fuel in  D ecem ber 1937 was 39,457,-
000 barrels, or a  daily  average of 1,273,000 barrels. T h is dem and  for D ecem ber 
1937 was 8 per cen t larger th a n  for th e  sam e m on th  in 1936. S tocks of gasoline 
increased  6,362,000 barrels in  D ecem ber, reach ing  a to ta l of 76,990,000 barrels 
a t  th e  close of 1937, com pared w ith  62,914,000 on h an d  a t  th e  close of 1936.

Presentation by tabular methods will be the subject of the remainder 
of the present chapter, and presentation by graphic methods will be the 
subject of the two following chapters.

1 At this point, th e  discussion is confined to  the technical m ethods of presenting 
num erical data . For suggestions on how to prepare a statistical report, see Appendix
V, pp. 713 to  717, inclusive.
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Tables.—Ordinarily in a statistical survey there will be several 
working tables to every one that is prepared for formal presentation. 
This discussion, however, will cover chiefly the principles of making 
finished tables, for the reason that if one knows how to make a finished 
table he will have no difficulty in applying whatever principles are 
necessary to the making of working tables.

Tables are constructed in various ways, depending upon the use to 
which they are to be put, and, therefore, it is very important, before 
beginning the construction of any one in particular, to decide as definitely 
as possible upon the purpose of the table.

General- and Special-purpose Tables.—When determining the pur
pose of a table, a distinction must be made between general-purpose 
tables and special-purpose tables. General-purpose tables are ordinarily 
a m atter of record, and are designed to bring together a wide range of 
data regarding a certain subject. Special-purpose tables are usually 
drawn up to aid in statistical analysis, or to show the results of statistical 
analysis, by throwing into relief the relationships which are of special 
significance. Summary tables are usually special-purpose tables. The 
large detailed tables in the Federal Census records are general-purpose 
tables. When such data are used, they are ordinarily taken from the 
general-purpose tables and presented as special-purpose tables, which 
emphasize the relations the user wishes to stress.

Parts of a Table.—Making a good statistical table involves a thorough 
understanding of the details of developing each part so that it will be 
clear in presentation, efficient in analysis, economical in space, and attrac
tive in appearance. With this purpose in mind, the title, captions, stubs, 
ruling, spacing, arrangement of items, emphasis, and footnotes will now 
be considered in detail.

The Title.—It is the purpose of the title to indicate the subject and 
scope of the table quickly and clearly. Ordinarily the title should tell 
what is represented and where and when the data apply. The foremost 
requirement of a title is that it be clear. The next most important con
sideration is that it be short. Clearness, however, should not be sacrificed 
for the sake of brevity. Long titles are not so easy to read as short titles, 
but sometimes it is necessary to use a long title to make a meaning clear 
to the reader. The title should be very carefully worded so that it will 
permit only one interpretation. Sometimes, when a title would be very 
long, it is best to present it as a short main title with a subtitle which 
supplements the main title.

Titles are commonly in the form of a series of phrases rather than 
complete sentences (see Exhibit 11). Certain elements of the table may 
be emphasized in the title when they are of particular importance in 
relation to the special purpose of the table.
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The title lettering should be the largest and most prominent of any 
lettering on the table when it is hand lettered or printed with type. If

NEW YORK STATE SALES OF 
AMAZON INDIA RUBBER CORPORATION -  1937

—  TIRES AND OVERSHOES BY MONTHS
---- FROM ANNUAL REPORTS OF THE CORPORATION
----------------------— — IN DOLLARS

SjuD'slu»
0'

MONTH TIRES OVERSHOES 4 ; TOTAL 
(T IRES AND 
OVERSHOES)MEN'S WOMEN'S //TOTAL ‘

JANUARY 8.428 2.248 1.892 ' I 4,140 12,568
FEBRUARY 6.534 2.52 1 1,682 4,203 10,737
MARCH 7,821 1.89 0 626 2,51 6 10,337

APRIL 10,845 1.089 542 1,631 12,476
<̂ MAY 9.832 86 1 504 1,365 1 1,197
'"'JUNE 11.0 1 6 808 283 1,09 1 12,107

JULY 12.526 2,234 1,842 4,076 16,602
AUGUST 1 1.654 8.636 8.721 17,357 29,01 1
SEPTEMBER 10.859 14,508 10,324 24,832 35,69 1

OCTOBER 9.834 8,640 4,852* 13,492* 23,326
NOVEMBER 8.728 4,337 1,686 6,023 14,751
DECEMBER 6.863 2,864 1,842 4.706 1 1,569

TOTAL 114.940 50.6 36 34.796 * 85.432 • 200,372

E x h i b i t  1 1 .— T h e  p a r t s  o f  a  t a b l e .

HEW YORK STATfi SALES OF 

AMAZON INDIA RUBBER CORPORATION -  1937 

T ire s  and Overshoes by Months 

From Annual R eports o f the  C orpo ra tion  

(In  d o l la r s )

T o tal
Overshoes________ t i r e s  and

Month T ire s Men's Women's T o ta l overshoes

January 8,428 2,248 1«,892 4,140 12,568
February 6,534 2,521 1»,682 4,203 10,737
March 7,821 1,890 626 2,516 10,337

A p ril 10,845 1,089 542 1,631 12,476
May 9,832 861 504 1,365 11,197
June 11,016 808 283 1,091 12,107

Ju ly 12,526 2,234 1,,842 4,076 16,602
August 11,654 8,63fc 8,,721 17,357 29,011
September 10,859 14,508 10,,324 24,832 35,691

October 9,834 8,640 4,,852* 13,492* 23,326
November 8,728 4,337 1.,686 6,023 14,751
December 6,863 2,864 1,,842 4,706 11,569

T o tal 114,940 50,636 34,,796* 85,432* 200,372

*In e lu d es  a  s p e c ia l  o rd e r f o r  $650.00 w orth o f te n n is  shoes .

E x h i b i t  12,— The da ta  of Exhibit 11 set up in typew ritten  form. (Note th a t proper spacing 
and a small am ount of underlining makes ruling and boxing unnecessary on such tables.)

the lettering is made on the typewriter, title lettering can be emphasized 
by underlining. I t is the common custom to present titles in capital 
letters, although it is not incorrect to use lower case letters, capitalizing
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only the important words. Emphasis in the title by size of lettering is 
illustrated in Exhibit 11, and a method of distinguishing between the main 
title and the subtitle when using the typewriter is indicated in Exhibit 12. 
The clearest titles are those which are arranged as in Exhibit 11 or 12. 
I t  will be noted tha t the arrangement of the phrases in this title is such 
that they stand out and are easy to read. The phrases are not divided at 
the ends of lines, but are centered, and each line represents a definite idea 
or group of ideas. The titles to many published tables, however, are not 
arranged in this way, the lines being broken without any regard for the 
breaking of ideas a t the ends of lines. Titles made according to the 
second method are not so easy to read as those of the first method, but 
they are widely used because of the time and space saved.

The preceding discussion applies to titles that are made up for final 
tables, such as those prepared for publication. However, in practical 
work, for every final table there are many working tables on which the 
titles and other means of identification need only to be clear to those who 
are concerned with using them. The point should be emphasized, never
theless, that the titles should be complete and clear even if they are not in 
finished form. Probably the most important item to put on working 
tables is the date of preparation. This enables one to retrace his pro
cedure chronologically, and it is of great assistance in relating different 
pieces of work to each other and in determining whether one table super
sedes another.

Captions or Columnar Headings, and Definitions of Units.—At the
top of each column in a table is a designation explaining what the column 
represents. This is called a “ caption” (see Exhibit 11). If the different 
columns are expressed in different units, the definitions of the units should 
be included with the captions. If the unit of measurement is the same 
throughout the table, it is usually described at the top of the table, as in 
Exhibit 11. The statement of the unit should be unmistakable, as 
“ height in feet,” “ price in dollars,” etc. The expressions of the unit 
should be accompanied by all necessary explanations. If such explana
tions are long or involved, they may be given in a footnote. When a 
number of digits have been dropped, ordinarily this fact should also be 
explained in the caption at the head of the column, or a t the top of the 
table as illustrated in Exhibit 13. An explanation such as “ In millions of 
dollars” or “ 000,000 om itted” shows that six places have been dropped 
from the values represented.

The captions may be shown in smaller letters than the main part of the 
table in order to save space. In general, the space for each column 
should be determined by the width of the largest numbers to be repre
sented, and the captions should be made to fit, even though it may be 
necessary to divide words and make several lines in the captions.
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Sometimes a simple caption, such as the one at the top of the first col
umn of figures in Exhibit 11, is all that is necessary. In other instances, 
a more complicated caption, with part of the caption being common to 
more than one column, is more satisfactory, as shown in the second, third, 
and fourth columns of figures in Exhibit 11. Note in the typewritten 
table of Exhibit 12 that the relation of major to minor column captions is 
made clear by indicating with underlining.

Obviously, the proper relation of the title to the captions and stubs 
should be maintained. If the title is expressed in detail, the captions 
may be simple. And when a short title is used, it may be necessary to 
express the captions and stubs in greater detail.

Stubs or Row Designations.—Each horizontal row of data in a table 
is designated as illustrated in Exhibit 11. The designations of the 
rows are commonly termed “ stubs” or “ stub items,” and the complete 
column of these designations is known as the “ stub.” I t will be noted in 
Exhibit 11 that the stub column also bears a caption. The stub items 
should be complete and clear. Any irregularity should be explained in a 
footnote if there is not room for a clear statement in the stub.

The lengths of the stub items determine the width of the stub column. 
If possible, the items should be condensed so that they can be included 
in one line. In published tables, the stub items are usually set in the 
same size type as the numerical data.

Ruling and Spacing.—A rough draft of the table should ordinarily be 
made before the figures are entered permanently. This is necessary in 
order that the table may be made to fit a sheet or a certain space, and 
in order that the proper widths can be determined for the columns. 
Space must also be allowed for footnotes, references, or any other matter 
which is to be included in the table.

When tables are drawn by hand, and sometimes when they are set up 
in type, the columns and headings are separated by various kinds of rul
ings. Custom varies in the use of rulings, but in all cases the major 
divisions are separated with heavier or double rulings, whereas the minor 
divisions are set off with light or single rulings. In many published tables, 
and in tables made with a typewriter, spacing is done in such a way that 
vertical ruling is unnecessary (see Exhibit 12). Wide spaces take the place 
of heavy rulings and narrow spaces are used instead of the light rulings; 
that is, related columns are placed closer together than those where the 
relation is not so close.

The reading of a table is often facilitated by grouping the items in the 
stub by 5’s or 10’s. When months are included in the stub, similar 
divisions are made on a basis of 6’s and 3’s. This grouping is illustrated 
in Exhibits 11 and 12.
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Arrangement of Items.—In all tables, the captions and stub items 
should be arranged in some systematic order. This not only makes the 
table easier to read, but it allows the more important items to be 
emphasized.

Ordinarily a larger number of items will be placed in the stub than in 
the captions, as it is more convenient to place a greater number of words or

F o r e i g n  T r a d e  o f  t h e  U n i t e d  S t a t e s  

Im ports and Exports— 1928-1937 
(In millions of dollars)

Year Im ports Exports T otal

1928 4,091 5,128 9,219
1929 4,399 5,241 9,640
1930 3,061 3,843 6,904
1931 2,091 2,424 4,515
1932 1,323 1,611 2,934
1933 1,450 1,675 3,125
1934 1,655 2,133 3,788
1935 2,047 2,283 4,330
1936 2,423 2,456 4,879
1937 3,084 3,345 6,429

-O rdinarily  this is a m uch bette r arrangem ent th an  th a t in P a rt B.

F o r e i g n  T r a d e  o f  t h e  U n i t e d  S t a t e s  

Im ports and Exports— 1928-1937 
(In millions of dollars)

1928 1929 1930 1931 1932 1933 1934 1935 1936 1937

Im p o rts .......................... 4,091
5,128

4,399
5,241

3,061
3,843

2,091
2,424

1,323
1,611

1,450
1,675

1,655
2,133

2,047
2,283

2,423
2,456

3,084
3,345E xports ...................

T o ta l........................ 9,219 9,640 6,904 4,515 2,934 3,125 3,788 4,330 4,879 6,429

B .—Usually a  poor arrangem ent.

E x h i b i t  13.—Illustra tions of tab le arrangem ent.

figures in a vertical column than in a horizontal row (see Exhibit 13). 
Numbers which are to be compared over a period should be arranged, 
when possible, so that the principal comparison can be made by following 
the figures up or down the vertical column rather than along the hori
zontal row. When columns are to be compared, they should be arranged, 
as far as possible, so that the principal comparisons can be made between 
adjacent columns.

Totals of columns are commonly placed at the bottoms of the columns, 
and totals of rows are commonly placed in the column on the extreme
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right, but sometimes, for emphasis, totals are placed at the tops ol the 
columns and in the first column on the left.1 In many tables, the totals 
serve primarily as checks, and in such cases should be placed in the cus
tomary positions at the bottom and on the right.

I t is often impossible or undesirable to include the classifications 
for which there are only relatively small numbers of items. In such 
instances, these few and scattered items are usually thrown together in a 
“ Miscellaneous” group. The proper position for the miscellaneous 
group is ordinarily in the last column or in the bottom row, or just pre
ceding the totals if they are on the right or a t the bottom.

The principal bases for arranging items are alphabetical, chronological, 
geographical, order of size, order of causal relationship, order of interest, 
according to custom, and according to the desired emphasis.

The alphabetical order refers to the arrangement according to the 
alphabet, which is very common in general-purpose or reference tables.

The chronological order is of particular value in presenting historical 
data. The chronological arrangement ordinarily proceeds over the 
period from top to bottom or from left to right. Sometimes, however, 
this order is reversed for purposes of emphasis.

The geographical arrangement is used when data are presented by 
certain territorial units, such as countries, states, counties, and sales 
districts. In this arrangement some one unit is selected as a starting 
point and the others are arranged according to their physical nearness to 
one another.

The order of size is commonly used as a basis for arranging items 
according to their importance. The arrangement may be in ascending or 
descending order, but usually the large items will be placed in the top row
or in the first column.

Some items may be arranged according to causal relationship. In 
tables which are set up primarily for purposes of analysis, this is often 
the best arrangement. In such a table, the items will be grouped so that 
the required comparisons can be made much more readily than if they 
were arranged according to any one of the other orders.

Another basis for arranging items is according to the order of interest. 
Under such a plan the most important items are placed at the top of the 
table and in the first column on the left.

In some instances, the order in which it is customary to mention items is 
the basis for their arrangement in a table. For example, it is customary to 
arrange the classifications men, women, and children in the order named.

In special-purpose tables the m atter of emphasis is of primary impor
tance. Sometimes certain items are placed at the top of a table and in

11 The U nited States Census B ureau has adopted the practice of placing the totals 
a t the tops of the columns and in  the first column on the left.
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the first column of data in order to emphasize them. When an item or 
point cannot be satisfactorily emphasized on the basis of arrangement, 
i t  may be desirable to emphasize it by underlining or by using bolder type.

Footnotes and References.—When any irregularity occurs in a table, 
or when any explanation is not complete, it may be advisable to give a full 
explanation in a footnote. This provides a method for using a textual 
explanation for the purpose of clarification. A table ordinarily should 
be complete in itself and should not depend upon the accompanying text 
for any qualifications which would change the interpretation of the table 
itself if it were detached.

Reference to the source is often desirable, especially in tables of 
secondary data. This reference, when given, should be complete so 
that if the user wishes to check the data with the original source or add 
later data from the same source, he will have complete instructions as to 
where to look for the information. Since this is merely a reference, it 
should be inconspicuous, and it should be placed where it will not interfere 
with the other uses that are to be made of the table. In published tables, 
it should be set in small type. A common position for this reference is at 
the top of the table, as illustrated in Exhibit 11, or in the lower left corner 
of the table.

On working tables, it is especially important that the names of the 
compilers and checkers, with the dates of their work, be included for 
reference purposes (see Exhibit 14).

Requisites of a Good Table.—Although the varying purposes on 
tabular presentation prevent a complete standardization, the following 
general requisites of a table are commonly recognized.1

1. A tab le  should be complete w ithin itself, containing all of the  explanations 
necessary to  m ake the meaning of the item s perfectly clear.

2 . A tab le  should be a logical unit, containing only d a ta  which are closely related 
to  each other.

3. The item s in the  captions and  stubs should be arranged in such a way th a t  a 
general-purpose table  will be m ost convenient and  a  special-purpose table will secure 
the desired emphasis.

4. A title  should be included which is clear and concise. If necessary, a  subtitle 
should be included.

5. Captions and  stub  item s should be brief, unambiguous, and self-explanatory, 
footnotes being added, when desirable, to  make them  clear.

6. Relationships between th e  column and  row headings should be indicated by 
the arrangem ent or boxing in the captions, and by grouping and indentation  in the 
stub.

7. Variations in  column widths, interlinear and intercolum nar spacings, w idths 
of lines, and faces of types (bold face, italics, etc.) should be employed to  facilitate the 
use of the table.

'S e e  E dm und E. Day, “ S tatistical Analysis,” p. 404, The M acmillan Company, 
New York, 1025.
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8. W hen it  is desired to  facilitate reference to  specific parts  of a table, columns 
and rows should be lettered  or numbered.

9. U nits should always be carefully and  completely sta ted , such as “ price in 
dollars,” or “ weight in pounds.”

10. Sources of the data  and responsibility for the table should be included when 
desirable.

Accuracy in Tabulation.—Since any error in a table may cause one to 
doubt the accuracy of the work as a whole, it is very important to see that 
a table is accurate. The data should be carefully checked to make certain 
that the original entries have been made correctly. When this has been 
done, the table itself should be checked to see that the totals are correct. 
In tables which have both vertical and horizontal totals, it will be noted 
that the horizontal total of the totals of the columns and the vertical 
total of the totals of the rows will be the same (see Exhibit 11).

I t  is extremely important that tables of data be carefully checked 
whenever data are transferred from one record to another. Ordinarily, 
the best method of checking such work is to have one person read aloud 
the original table while another person reads (silently) the new copy. 
When an experienced person and an inexperienced person work together, 
it is usually best to have the inexperienced person read the original data, 
and the experienced person follow the new copy. In this way, the 
experienced person will check any mistakes made by the inexperienced 
person in reading, for the chances are that an error made in reading 
will not also appear in the copy. I t  is very important in this connection 
that the one who reads the original copy be someone other than the one 
who copied the figures, for the person who copied the figures is more 
likely to repeat a mistake when reading the original data.

If the process of checking is to be both accurate and rapid, the method 
of reading is important. When the words “ millions,” “ thousands,” 
“ hundreds,” etc., are read, considerable time is taken, not only in read
ing these words, but also in following, especially if there are several 
zeros in the numbers. One efficient method of reading figures which 
enables one to follow easily what is read, is simply to read the digits, from 
left to right, pausing at the commas, and saying “ point” a t the decimal 
points. That is, the figure 796,032,090.2 would be read “ seven nine six” 
(pause), “ oh three tw o” (pause), “ oh nine oh point two.”

In tables which show a complete percentage distribution, the percent
ages should be added together to see if their sum is 100. If the fractions 
in such a percentage distribution prevent the sum from equaling 100, 
it is often well to adjust these fractions so that the sum equals exactly 100.

Use of Coordinate Paper in Tabulation.—When compiling secondary 
data or when setting up the first draft of a table of primary data, coordi
nate paper is convenient in lining up rows and columns and in counting
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out spaces (see Exhibit 14). Ordinarily, the figures should be placed 
one in a space. In this way, it is easy to keep the figures in line, which 
greatly facilitates computation and transcription. I t  is not necessary 
to place the letters of the caption one in a space. If the tables are to 
be copied on the typewriter, coordinate paper can be used which bears a 
convenient relation to the spacing on the typewriter. For instance, 
if coordinate paper which is ruled six lines to the inch is used, it is a great

E x h i b i t  14.— Use of coordinate paper in m aking working tables. I t  is especially 
im portan t th a t  the  names (or initials) of compilers and checkers, w ith the dates of their 
work, be included on the  working tables. (Full size, 8 |  X 11 inches.)

convenience to the typist when copying tables on a typewriter with 
elite type, which has twelve letters to the inch.

Examples of Other Tables.—The illustrations of tables which have 
been used in this chapter represent the simpler types. Examples of the 
more intricate forms will be given later in this text, and their use will be 
illustrated in connection with the various presentations and analyses 
under consideration.

Questions and Problem s

1. W hat is m eant by  the “ classification” of da ta?
2. Explain th e  principal steps th a t should be covered in a  plan for tabu la ting  the 

data  of a statistical survey.
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3. Describe hand tabu lating  methods, using a residential occupancy survey as an 
example.

4. In  w hat kind of sta tistical w ork does m echanical tabu lation  have advantages 
over hand-tabu lation  m ethods? In  w hat kind are hand m ethods best?

6. Explain “ coding” and  illustrate its  use.
6. Describe th e  purpose of th e  key punch, the sorter, and  th e  tabu la ting  machine.
7. Describe the process of sorting figures in  sequence, using 3 digit figures as an 

example.
8. D istinguish betw een general- and  special-purpose tables.
9. W hat is th e  purpose of the  title  of a  table? W hat requirem ents m ust be m et 

in presenting the  title  as regards length, wording, prom inence and  emphasis, position 
and arrangem ent?

10. Define “ caption,”  “ u n it of m easurem ent,”  “ stubs,” and “ rows.”
11. S tate  where to ta ls  of columns and  rows m ay be placed and  give reasons for so 

doing. How should columns be ruled or spaced? '
12. Explain th e  principal bases for arranging th e  item s in  a  table.
13. Describe three m ethods of obtaining emphasis in a special-purpose table.
14. W hat are th e  requisites of a  good table?
15. How should a  table be checked for accuracy?
16. D iscuss the use of coordinate paper in tabulation.
17. Follow carefully instructions given on pages 63 to 71 (particularly the 

requisites of a good table) and observe the special instructions given a t the end of this 
problem. T abulate  the  da ta  given in the following paragraph upon coordinate paper 
(see E xhib it 14):

In  1935, the  Johnstow n M anufacturing Company employed 400 non-union and 
1250 union employees. Of these, 220 were females of which 140 were non-union. In 
1936, the num ber of union employees increased to  1,475 of which 1,300 were males. 
Of th e  250 non-union employees 200 were males. In  1937, 1,700 employees were union 
mem bers and 50 were non-union. Of all employees in 1937, 250 were females of which 
240 were union members.

Use coordinate paper th a t  is ruled six spaces to  the inch.
Place one figure in  a square. (Use pencil.)
Prepare a title  th a t  is simple and clear.
P rin t all titles and other lettering  carefully and correctly. (See page 668 for letter 

forms.)
All le ttering  should read horizontally if possible. (W hen impossible to letter 

horizontally, th e  lettering  should read from bottom  to  top  never from top  to  bottom .)
Be sure to  designate units.
Give reference or source.
Check for accuracy.
Place your nam e in the  lower right-hand corner and th e  date  in the  lower left-hand 

corner.
18. P resent the following in  the form of a table. (Your work will be judged on 

the basis of the num ber of desirable features of tabu lation  which you have incorpo
rated.) See instructions a t  th e  beginning and end of Problem  17.

The to ta l num ber of employees hired by  th e  Allen M anufacturing Com pany during 
1937 m ay be sum m arized by  m arita l s ta tu s  of native and  foreign males and  females as 
follows:

American males, m arried 72.
American males, single 94.
American males, m arita l sta tus unknown 8.
American females, m arried 81.
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American females, single 47.
American females, m arita l sta tus unknown 7.
Of the foreign males, 73 were m arried, 104 were single, and 11 were of unknown 

m arita l sta tus. Of th e  153 foreign females, 97 were m arried, and  44 were single and 
th e  rest were of unknow n m arita l status.

19. (The purpose of th is problem is to  illustrate th e  value of system atic arrange
m ent and organization of data.) M ake two retabulations of the data  shown in th e  
table below giving particu lar a tten tion  to  the  requirem ents listed on pages 69 and 70.

C a r g o  T o n n a g e  o f  W a t e r -b o r n e  E x p o r t s  i n  t h e  T e n  L e a d in g  T r a d e  R e g io n s

o f  t h e  W o r l d  (1935)
(Long tons)

U nited K ingdom .................... 3 ,943,832 W est In d ia ............... 1 ,747,240
1,340,221N orth  A tlantic and  Baltic E ast Coast South A m erica.

E urope.................................. 1,306,335
4,762,081

985,038
7 ,313,824H avre-H am burg R ange........ E ast A sia .................................

South A tlantic E u rope .......... 948,105 C anada ..................................... 10,265,121
W est M editerranean............. 2,390,716 35,002,513

Source: Statistical Abstract o f the United States, 1936.

20. See instructions a t  beginning and end of Problem 17. T abulate  th e  to ta l 
population figures from the  following paragraph for all th e  census years from 1850 
to 1930 and show th e  10-year increases.

According to  the  U nited S tates Census, the population of the continental U nited 
S tates in 1930 was 122,775,046 persons. This is roughly five tim es th e  population of 
1850 which was 23,191,876, and roughly tw ice as great as th e  figure for 1890, which 
was 62,947,714. T he ra te  of growth shows a  steadily decreasing tendency. The 
increase shown for 1860 over 1850 was 8,251,445, and for the next 10 years th e  increase 
was 7,115,050. By 1880, th e  to ta l population figure had  increased to  50,155,783, 
which was more th an  twice as great as th e  figure for 1850, 30 years earlier. The 
increase shown in 1890 over 1880 was 12,791,931, and by  1900 the  to ta l population 
figure had reached 75,994,575, which was roughly three tim es as great as the figure 
for 1850. While the  1850 figure was m ore th an  doubled in th e  30 years th a t  followed, 
the 1880 figure had increased a t  the end of th e  next 30-year period (1910) to  only 
91,972,266, and did no t approxim ately double un til th e  end of a  40-year period when 
the  figure reached 105,710,620 in  the year 1920. In  comparing either th e  ra te  of 
am ount of increase in 1930 w ith th a t  shown for the decade 1910-1920, proper allowance 
should be m ade for the fact th a t th e  period betw een th e  censuses of 1910 and  1920 was 
less than  a full decade, and  th a t between the 1920 and 1930 censuses was more th an  a 
full decade.

21. See instructions a t  beginning and  end of Problem 17. Arrange the da ta  below 
in the form of a  tab le  showing the value of raw  m aterials, th e  value added by  m anu
facture, and  the to ta l value of products m anufactured. Arrange the stub items 
according to  th e  order of im portance of to ta l value of products m anufactured. Com
pute  any  missing items.

According to  the  Biennial Census of Manufactures, 1933, published by  the  U nited 
States Bureau of th e  Census, the m ost im portan t m ajor class of m anufacturing indus
tries in 1933 was th a t of m aking food products. The to ta l value of th e  group of prod
ucts was $6,604,036,429. The value of th e  raw  m aterials of th is class of products 
was $4,210,015,149, which is a relatively high proportion of the  to ta l as compared w ith
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other groups. A very im portan t class from the  viewpoint of th e  value added by  m anu
facture was th a t of publishing and allied products where, ou t of a to ta l of $1,733,437,- 
479, $1,355,592,892 was the value added by  m anufacture. This group was followed 
closely in th e  sam e respect by  th e  m achinery group where $789,239,157 w ent for raw 
m aterials and  $1,280,179,766 w ent for m anufacturing costs, giving a  to ta l value to  the 
products of th e  group of $2,069,418,923. The second largest group from th e  poin t of 
view of value added by  m anufacture was the textile industry. H ere $2,278,069,713 
was th e  value added by  m anufacture. The to ta l value of th is group was $4,811,237,- 
757. The Iron  and Steel industry  was a very im portan t group from th e  viewpoint 
of the cost of raw m aterials. Raw m aterials in this industry  to talled  $1,400,829,861. 
H ere only $1,062,170,982 was added by  m anufacture to  give a to ta l value of 
$2,463,000,843. T ransportation  equipm ent closely followed iron and steel for the 
cost of raw m aterials. Here a to ta l value of $2,058,195,466 was m ade up  of $1,292,- 
289,578 cost of raw m aterials and $765,905,888 value added by  m anufacture. This 
was closely followed by  petroleum and coal products where raw m aterials cost $1,285,- 
560,676 and  the value added by  m anufacture was $585,933,159. In  1933 th e  rubber- 
products industry  had fallen to  the sm allest m ajor group w ith a to ta l value of $472,- 
743,587, of which $211,396,716 consisted of th e  cost of raw m aterials and  $261,346,871 
was the value added by m anufacture. This is probably explained by  th e  decreased 
production of new automobiles. Closely approaching the rubber-products industry 
and reflecting the failure of the railroads to  m aintain  their equipm ent in  first class 
condition is the railroad repair shops group where $191,845,201 cost of raw m aterials 
and  $314,186,631 value added by  m anufacture gave a to ta l value of $506,031,832. 
The chemical- and allied-products group did no t decrease as m uch proportionally 
during the years 1929-1933 as did m ost of the groups. Here a to ta l value of $2,117,- 
513,188 compares w ith a to ta l value for 1929 of $3,702,672,063. Of the 1933 to tal, 
$968,472,553 w ent for raw m aterials. Quite the reverse is true  in  th e  stone, clay, and 
glass products group where a to ta l value in 1929 of $1,561,414,590 fell to  $608,699,486 
for 1933. Of the 1933 total, $212,154,614 was the cost of raw m aterials and $396,544,- 
872 was th e  value added by m anufacture. In  the forest products group, of a to ta l 
value of $1,127,404,693, $509,181,862 or less th an  one-half w ent for the cost of raw 
materials. In  the paper and allied products group $654,646,541 w ent for th e  cost of 
raw  m aterials ou t of a to ta l value of $1,172,742,984, leaving $518,096,443 as the value 
added by  m anufacture. Another group still of m ajor im portance is th a t  of leather 
and leather products. Here a to ta l value of $996,772,988 consisted of $544,737,292 
cost of raw m aterials and  $452,035,696 value added by  m anufacture. In  1933 the 
non-ferrous m etals group accounted for a to ta l valueof $1,068,753,411, of which $427,- 
626,848 was added by m anufacture. In  addition to  the m anufactures covered by 
the preceding groups, there was a miscellaneous group am ounting to  $1,677,357,437. 
Of th is to ta l $998,313,583 was cost of raw m aterials and $679,043,854 was value added 
by  m anufacture. The to ta l value of products of the 16 groups was $31,358,840,338. 
Of this am ount the value of raw m aterials was $16,820,821,977 and the value added by 
m anufacture was $14,538,018,361.

22. (This problem is continued from Question 14 on page 33.) E d it the schedules 
filled ou t in Question 14 on page 33, compile the da ta  and com pute percentages which 
will show the proportions vacant, occupied, and  under construction by  classes of 
residences. Arrange these da ta  in the form of tables. Check very carefully for 
accuracy. W rite a one-page explanation and in terpre tation  of the principal points 
shown by  the d a ta .1

1 See footnote on p. 33.
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23. (This problem is continued from Question 15 on page 33.) E d it the schedules 
in Question 15 on page 33, compile the numerical inform ation, and  prepare per
centage tables to assist in the in terpretation . B oth the  num erical and  percentage 
figures should be set up in the form of tables. Carefully check for accuracy. W rite a 
one-page report explaining and interpreting the tab les.1

24. Assuming th a t  you are to  use I.B .M . or Powers tabu lating  equipm ent in 
making a survey sim ilar to th a t referred to  in Problem 22 on the preceding page, pre
pare th e  following:

1. A detailed plan for making th e  survey.
2. A set of blank tables indicating th e  data  required.
3. A field schedule.
4. A punch card.
5. Instructions for coding (or punching if coding is no t necessary).
6. Instructions for tabulating.
7. Instructions for preparing and presenting final tables.
25. Assuming th a t you are to  use I.B .M  or Powers tabu lating  equipm ent in 

making a survey sim ilar to  th a t  referred to  in  Problem 23, prepare th e  item s listed 
in Problem 24 above.

1 See footnote on p. 33.



CHAPTER V

GRAPHIC METHODS

The cold facts of business experience which are used as the bases for 
new actions are commonly presented on the printed page, but such pages 
of cold figures as a balance sheet or a census report speak in clear tones 
only to the expert who has the time to read them with care. For the 
ordinary business man, or even for the busy expert, the typed page should 
have its supplemental language—the language of graphics.

The distinction between the language of graphics and the methods of 
statistics is as well marked as that between the mere ability to read and 
write, and the special skill of a trained journalist. And just as the ulti
mate star reporter must begin his career by learning the alphabet, the 
vocabulary, and the grammar of the language in which he is to write, so 
also should the beginner in statistics, and, in many cases, the trained or 
naturally gifted statistician, study the alphabet and grammar of graphics 
as a thing apart from statistical technique.1

Necessity for Clear Presentation.—When business data have been 
collected and tabulated, it is often difficult to appreciate their interrela
tions; or if the data have been carefully studied, it may be almost impossi
ble to show another person tha t the conclusions reached are correct and 
sound. I t  often happens in a meeting of a committee or board of 
directors that a sound and carefully prepared plan is rejected simply 
because the facts presented are not clear. Though it is very important 
to have accurate and significant data, one cannot get the most valuable 
results unless the methods of presentation are effective.

Use in Analysis.—One of the greatest values of the graphic chart is 
its use in the analysis of a problem. Ordinarily, the chart brings up 
many questions which require careful consideration and further research 
before a satisfactory conclusion can be reached. A properly drawn chart 
gives a cross-section picture of the situation. While charts may bring 
o u t hidden facts in tables or masses of data, they cannot take the place 
of careful analysis. In fact, charts may be dangerous devices when in 
the hands of those unwilling to base their interpretations upon careful

1 The tw o introductory  paragraphs of th is chapter are abstracted  from M. C. 
R orty’s Introduction to  John R  Riggleman, “ Graphic M ethods for Presenting 
Business S tatistics,” 2d ed , pp. xi-xiii, M cGraw-Hill Book Com pany, Inc., New 
York, 1936.
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study. This, however, does not detract from their value when they are 
properly used as aids in solving statistical problems.

Importance of Graphic Methods.—Engineers and technical men have 
long realized the importance of graphic methods, and more recently 
their value has been recognized by business men. Graphic charts 
have often been thought to be tools of those alone who are highly skilled 
in mathematics, but one needs to have a knowledge of only eighth-grade 
arithmetic to use intelligently even the logarithmic or ratio chart, which 
is considered so difficult by those unfamiliar with it.

In many business organizations a t the present time, the executives 
and managers value their charts as highly as engineers value their draw
ings. When daily reports are presented in graphic form for comparison, 
one can see a t a glance the state of affairs in the business. W hat the 
executive desires is the presentation of statistical material in a form that 
will permit him to grasp easily and quickly the essential points, and 
graphic charts are a means to this end.

If graphic methods are to be most effective, those who are unfamiliar 
with charts must give some attention to their fundamental structure. 
Even simple charts may be misinterpreted unless they are thoroughly 
understood. For instance, one is not likely to read an arithmetic chart 
correctly unless he also appreciates the significance of a logarithmic 
chart.

Graphic methods are used for presenting all kinds of statistical data. 
They may be used extensively by a well-developed statistical department, 
or to a limited extent where a few important facts are recorded by a clerk. 
There is almost no limit to the use of charts in analyzing the conditions 
within a firm and in making comparisons with outside conditions. Many 
such uses will be suggested to the reader throughout this text.

Drawing and Lettering.—A knowledge of the actual drawing of 
statistical charts is an advantage to all students of business statistics 
because it gives valuable training in quick and accurate reading of data 
presented in the graphic language.

In the selection of drawing equipment, one should secure the best 
tha t can be afforded, for success in charting depends to a considerable 
extent upon the quality of the instruments and materials used.

For rough work or in making preliminary studies, charts may often 
be made on coordinate paper without the use of special equipment, but 
for the better class of work the chart must be drawn on plain, white 
paper (using drawing equipment).

As far as appearance is concerned, there is no part of the drawing 
more important than the lettering. A good drawing may be ruined, 
not only in appearance, but also in effect, by poor or careless lettering, 
as any evidence of carelessness or lack of skill tends to destroy confidence
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in the work. Almost any consistent style of plain, neat lettering is 
acceptable in the ordinary course of chart work. Ornate lettering is 
not appropriate for business charts.

For the use of those who wish to study the mechanical part of chart 
making, an appendix on the technique of drawing and lettering is included 
at the end of this book (pages 659 to 670).1

Planning the Chart.—There are several requirements, common to all 
of the different types of charts, which must be considered before work is 
begun on any particular chart. One of the most important of these is 
to decide definitely upon the purpose of the chart. Other requirements 
are to decide upon the type of chart to be used, its size, proportions, form, 
and the preliminary if not the final title.

In planning the construction of charts, the reader’s point of view 
must always be kept in mind. When there is a question as to which of 
several methods should be used, the method should be chosen that will 
enable the reader to grasp the essential points the most easily and clearly. 
The size of the chart should be determined by considering its convenience 
in handling and ease of reading.2

Use of Printed Forms.—Various kinds of ready-ruled coordinate 
paper can be used in chart making, but for many business graphs it is 
easier to rule a special form to fit the problem than it is to fit the problem 
to a ready-ruled form. This coordinate paper, however, is convenient 
for working charts and other rough forms of presentation although it 
is rarely suitable for work requiring a finished appearance such as that 
prepared for publication. Some common forms of coordinate paper used 
in making working charts are illustrated in Exhibit 15.

The principles of charting described in this discussion are applied 
for the most part to finished drawings prepared for publication. I t 
should be appreciated that for every chart prepared for publication in a 
research project, there are many that are used as working charts upon 
which it would not be practical to do the amount of work required to 
make finished drawings. The principles, however, are applied to the 
more finished work in this discussion for the reason that if one under
stands the principles involved in the finished drawings, it is easy to modify 
them for working-chart purposes.

1 For a  more complete discussion, see John  R. Riggleman, “ Graphic M ethods for 
Presenting Business Statistics ” 2d ed., pp. 217-244, McGraw-Hill Book Company, 
Inc., New York, 1936.

2 Usually a chart which is draw n for publication is m ade som ewhat larger than  th e  
reproduction. The reduction tends to  elim inate m inor irregularities, and gives th e  
chart a much more finished appearance than  is possible when charts are reproduced in 
the exact size of the original.
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Accuracy in Charting.—In charting business statistics, a reasonable 
degree of accuracy is, of course, necessary, but the problem differs from 
that of plotting technical data where measurements are made from the 
charts with finely graduated instruments. If the chart is accurate to 
the degree that visual comparisons will not be impaired, it is accurate

E x h i b i t  15.— Coordinate paper for m aking working drawings and prelim inary sketches in 
business charting. (Courtesy, Educational Exhibition Company.)

enough for most practical purposes. Care should be taken, however, 
that the chart be accurate to this degree.

The Title.—Titles have been placed in various positions on business 
charts in the past, but a t present the weight of authority agrees in placing 
the title a t the top of the chart as illustrated in Exhibit 16. This is 
convenient and natural from the viewpoint of the business man, since 
his bills, tables, books, accounts, schedules, and other forms are com
monly labeled at the top. The title lettering should be the largest and 
most prominent on the chart.
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The title is one of the most important parts of a business chart, espe
cially if it is prepared for publication. I t  should give the reader the sub
ject of the chart clearly and completely. This point is often overlooked, 
and, though the chart may be clear in its other parts, it may not be read 
at all unless the title is complete and clear. All of the requirements that 
were given for titles to tables on pages 63 to 65 apply also to titles on 
charts.

The titles of working charts, like the titles of working tables, need 
not be so carefully worked out, but they should be complete and clear.

All that was said regarding the value of having the date upon a working 
table is of equal importance in connection with working charts. The 
importance of requiring tha t the date of preparation be placed upon all 
working charts cannot be too strongly emphasized; it is often the principal 
means of determining the relation of one piece of work to another. The 
source of the charts, i.e., the department, company, etc., and at least the 
initials of the compiler or compilers should also ordinarily be shown.

General Appearance and Proportions.—Confidence in a chart is much 
greater if it  is neat and accurate rather than slovenly in appearance. 
The chart must be well proportioned, it must not be crowded, and ample 
margins must be left. I t  is of utmost importance in securing an appear
ance of high quality to have the title and all other lettering done neatly
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and carefully. Usually a border line should be drawn around the chart 
to give it a finished appearance.

Kinds of Charts Considered.—In this discussion of graphic methods 
(Chapters V and VI), the following basic kinds of charts will be 
considered:

1. Simple comparisons of size. (Size only.)
2. Arithmetic time curves. (Sizes compared over a period.)
3. Logarithmic time curves. (Rate of change over a period.)
In number 1 above, one size is compared with another, but not in 

relation to any other variable. That is, we may compare the height of 
the Empire State Building with the height of the Eiffel Tower. We are 
not concerned with their relation to a period of time, with their geographic

SALES IN SALES IN SALES IN SALES IN SALES IN SALES IN
NEW YORK CHICAGO NEW YORK CHICAGO NEW YORK CHICAGO

$10,000 $5,000 $10,000 $5,000 $10,000 $5,000
A B C

E x h ib it  17.— Use of different geometric forms in comparing sizes (sales). A . Lines 
(or bars) are easy to  compare. B. Areas are difficult to compare. C. Volumes are very 
difficult to compare.

distribution, or with their relation to any other variable. We are simply 
comparing heights (or sizes).

The arithmetic time curve (number 2 in the above list) compares sizes 
over a period of time. Thus, we may consider the size of automobile 
production by months.

In number 3 (logarithmic time curves) not size, but rate of change 
(over a time period) is considered. Such a curve would show, for 
instance, how rapidly a city’s population is growing.

The form and use of three other kinds of charts (frequency graphs, 
correlation charts, and statistical maps) will be illustrated from time to 
time throughout the text. The methods of constructing them will not 
be described, however, as they will be fairly obvious after studying the 
construction of the first three kinds listed above.

Simple Comparisons of Size.—The most simple type of graphic chart 
is that comparing magnitudes where the sizes do not vary in relation to 
any other variable—that is, there is no consideration of time variations,



82 BUSINESS STATISTICS

geographic distributions, or other variables. We may wish to compare, 
for instance, simply the size of the Queen Mary with the size of the 
Normandie. Such comparisons are commonly made by using certain 
geometric forms (lines, squares, rectangles, cubes, etc.) which vary 
in their sizes in proportion to the different magnitudes represented.

The first step in making a simple chart is to select the geometric 
form which is to be used. The form selected must be easy to understand 
and it must give a correct impression. These are the two fundamental 
requirements which must be recognized in selecting a geometric form 
for use in graphic presentation.

I t  is always easier to compare the sizes of forms which vary in one 
dimension than it is to compare those which vary in two or three dimen
sions. In other words, it is much easier to compare the lengths of lines

SALES IN SALES IN SALES IN
CHICAGO NEW YORK CHICAGO

5 5,000 SlQpOOO $5,000
A B

E x h i b i t  1 8 .—A. Circles with diameters proportional to numbers. B. Circles with areas
proportional to numbers.

or bars than it is to compare areas and especially volumes. These three 
forms are illustrated in Exhibit 17, and the difficulties involved in 
comparing areas and volumes will be readily appreciated by reference to 
this illustration.

Occasionally circles are used to represent size, but it is difficult to 
compare them, and they should not be used when it is possible to use 
bars. When it is necessary to use circles, as in making certain kinds of 
statistical maps, they should be compared on an area basis, rather than 
on a diameter basis, as the diameter basis is very misleading (see Exhibit 
18).

Pictorial Forms.—The principles just discussed in connection with 
simple lines, areas, and volumes must be kept in mind when using 
pictorial forms. Many pictorial charts are incorrectly drawn. Suppose, 
for instance, that figures of persons are used to represent the populations 
of New York and Chicago, and that they are so drawn that the heights 
of the persons are proportional to the numbers represented. Such a chart 
would be supposed to show that New York is roughly twice as large as 
Chicago, while, as a m atter of fact, the effect would be that New York 
is much more than twice as large. Charts of this kind usually give
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false impressions, as the reader tends to compare the figures of persons 
on a volume basis, which greatly exaggerates the actual differences in 
the numbers represented. If it is desired to use figures of persone in 
popular presentations of this type, it is far better to represent numbers, 
not by the heights of persons, but by rows of persons of the same size, 
evenly spaced, with the lengths of the rows proportional to the numbers 
represented, as in Exhibit 19. Then the comparison would be made upon 
the basis discussed in connection with Part A of Exhibit 17.

PERSONS PER CAR IN THE 
UNITED STATES— 1933

POPULATION 
PER CAR

3.09 f a »  |  I  |
CALIFORNIA - LEADS

3.2B f a »  i  I  |
NEVADA

5 78 I  t  » i  t  t
NEW YORK - LARGEST POPULATION

6.i. t a *  M M i i
PENNSYLVANIA-SECOND IN POPULATION

12.43 C 5 *  i  I  I  I  I  I  i  I  M  H
MISSISSIPPI

.307 I  I t l l l t l l l t l l
ALABAMA-LAST

E x h i b i t  19.—Simple pictorial statistical chart.

There are many figures that can be used in popular presentations 
which may be made to vary in only one dimension without disproportion- 
ing the figures, as is the case when varying only the heights of persons. 
For instance, illustrations of office buildings, in which height would be 
the only dimension changed, could be used to make comparisons in 
accordance with the principle discussed in connection with Exhibit 17.1

Horizontal- and Vertical-bar Charts.—The most common method of 
representing simple comparisons of size graphically is by some form of 
bar chart. When using the bar chart in presenting several items for 
careful analysis, the chart must include certain details, such as a properly 
constructed scale, explanation of units used, background of guide lines, 
and title.

1See John  R. Riggleman, “ Graphic M ethods for Presenting Business S tatistics,” 
2d ed., pp. 14-25, for fu rther discussion of pictorial charts.
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In making simple comparisons of size, there is no particular rule for 
choosing between horizontal and vertical bars, except that those should 
be used which will enable the reader to understand the chart the most 
readily. 1

In cases where the things represented vary naturally in either a 
horizontal or vertical direction, the bars are usually made to vary in the 
same direction. Convenience in reading the lettering is another point 
that must be considered when choosing between horizontal and vertical 
bars. I t  is easier to read the lettering in Exhibit 20, for instance, if it is 
lettered horizontally, than it would be if it were lettered vertically (see 
also Exhibit 25). For this reason, many statisticians prefer to use the

UNITED STATES PRODUCTION OF PETROLEUM 
BY ST A T E S-1 9 3 7

FROM THE OIL AND G A S JOURNAL

MILLIONS OF BARRELS OF 42 U.S. GALLONS 
0 100 200 300 400 500 600

TEXAS 
CALIFORNIA 
OKLAHOMA 
LOUISIANA 
KANSAS 
NEW MEXICO 
WYOMING 
PENNSYLVANIA 
MICHIGAN 
ARKANSAS 
ILLINOIS 
MONTANA 
KENTUCKY 
OTHER STATES

E x h i b i t  20.— A horizontal-bar chart.

horizontal-bar chart when making simple comparisons of the type illus
trated in these Exhibits.

Bar-chart Scales and Bar Designations.—Except in cases of rough 
comparisons or popular presentations, it is important to include a scale 
on a bar chart. A scale enables one to read the chart much more easily 
and accurately than when it is not used. I t is a fundamental rule in 
making bar charts which show the ordinary comparisons of size that the 
scale begin with zero (Exhibits 20 and 2 1 ). This rule is sometimes broken 
by those who are inexperienced, and the values are inaccurately represent
ed. Note that in Exhibit 21 copper is about twice as large as silver. If, 
for instance, the scale began with 10 instead of 0 (Exhibit 22), the bar

1 I t  should be clearly understood th a t  th is sta tem ent applies only to  simple com
parisons of size. In  showing time series, only vertical bars should be used (see pp. 96 
and 97).
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for copper would be about ten times as long as the bar for silver, and 
the graphic impression would be very inaccurate.

Scales should be laid out in round numbers of convenient intervals, 
such as 2’s, 5’s, or multiples of 10, or halves and quarters of 100 (25, 50, 
75, etc.). Too many numbers in the scale or too many guide lines in

VALUE OF METALS USED BY 
THE SMITH MANUFACTURING COMPANY 

1937THOUSANDS OF 
DOLLARS

25

E x h i b i t  21.— A vertical-bar chart (correctly drawn).

VALUE OF METALS USED BY 
THE SMITH MANUFACTURING COMPANY 

1937
THOUSANDS OF 

DOLLARS

1__ 1m l m________ a--------■--------■------- ■—
COPPER IRON ZINC LEA D  SILVER

E x h ib it  22.—V ertical-bar chart (incorrectly drawn, aa scale ia cut off). Com pare with
E xhibit 21.

the background hinder rather than aid the reading of the chart. Only 
enough intervals should be recorded on the chart, and only enough guide 
lines should be drawn, to serve as an aid in making comparisons through 
visual inspection. More scale numbers than are shown in Exhibit 21,
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for instance, would not aid in making comparisons, and they would make 
it much more difficult for the eye to carry a scale value across the chart.

The scale on a horizontal-bar chart is commonly placed along the top 
just above the bars as in Exhibit 20. I t  may be placed along the bottom 
also, if it will add to the clearness of the chart. The scale of Exhibit 20 
represents number of barrels, and this fact should be indicated as shown 
by the designation just above the scale (see also the word ‘'dollars” in 
Exhibit 23). If there is a scale below the chart, the designation of units 
would be shown just underneath the scale.

The commonly accepted position for the scale of a vertical-bar 
chart is on the left and outside the background of guide lines (see Exhibit 
21). Each number should be exactly opposite the line which it represents 
(Exhibit 21). If it  is desirable to have a scale on the right of the chart,

E x h i b i t  2 3 .— Position of scale-unit designa
tion on horizontal-bar charts.

E x h i b i t  24.— Positions of scale-unit 
designations on vertical-bar charts. A. 
Best practice for business charts. B. Also 
correct, bu t no t so easy as A  for the busi
ness m an to read.

one may be placed there in addition to the one on the left, but the left 
scale should in no case be omitted.

The units represented by the scale should be indicated clearly as 
shown in Exhibit 24. The preferred method is the one shown in Part 
A  (Exhibit 24) which shows the scale designation lettered horizontally 
a t the top of the column of figures. Another common practice, lettering 
the designation vertically along the scale, is illustrated in Part B, Exhibit 
24. This is not incorrect but it is more difficult for the business man to 
read.

Expressions such as “ one inch equals $100” should not be used on 
statistical charts. The scale on the graph is much more convenient and 
gives all the aid necessary in measuring the different bars. Furthermore, 
if the chart is enlarged or reduced by photographic reproduction processes, 
a scale laid out on the graph is also enlarged or reduced in direct 
proportion.

On charts for careful reading, it usually is best to include a background 
of guide lines which assist in comparing the bars or in reading from the 
scale. As previously mentioned, too many lines should not be included,
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as it is difficult for the eye to follow them across the chart if they are 
close together. As guide lines should appear to be behind the bars, they 
should be drawn between (not through) the bars when shaded, colored, 
or outlined bars are used (see shaded bars in Exhibit 29 on page 90).

Designations explaining what is represented by horizontal bars are 
placed on the left as illustrated in Exhibits 20 and 25.

EASTERN
WESTERN
NORTHERN
SOUTHERN
NORTHEASTERN
NORTHWESTERN
SOUTHEASTERN
SOUTHWESTERN

A LTERN A T IVE METHODS OF SHOWING 
PERCENTAGE CHANGE

PER CENT DECREASE PER CENT INCREASE 
2 5  20 15 IO 5 0 5  IO 15 20 25

TERRITORIES 

EASTERN 

WESTERN 

NORTHERN 

SOUTHERN 

NORTHEASTERS 

NORTHWESTER!- 

SOUTHEASTERN 

SOUTHWESTERI

10 0  PER CENT = 19 3 3  
■ H i  = 19 3 4  

PER CENT
TERRITORIES

E x h i b i t  25.— Showing loss and gain with horizontal bars.

Designations explaining what vertical bars represent usually are 
placed underneath the bars as shown in Exhibits 21 and 26. Words 
should be divided if they are too long for the spaces allowed, and they 
should be lined up with reference to the zero line as shown.

Presenting Gains and Losses.—When it is desirable to show decreases 
or losses along with increases or gains, they may be shown by means of a 
horizontal-bar chart as illustrated in Exhibit 25, or a vertical-bar chart, 
as illustrated in Exhibit 26. In these charts, the horizontal bars indicate 
decreases when they extend to the left from the zero line, and the vertical
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bars indicate losses when they extend downward from the zero line. 
Sometimes one sees such bars used to indicate positive data, but, as a 
rule, the practice of extending horizontal bars to the left of the zero line 
and vertical bars below the zero line should be reserved to show decreases, 
losses, and other negative items.

Order of Items.—The items represented on any chart should always 
be arranged according to a systematic order. The most common order 
in size comparisons is the order of size, but it is often desirable to use

E x h i b i t  26.— Showing loss and gain with vertical bars.

another order, such as the alphabetical, the geographical, or the chron
ological. In any case, some systematic order should be used, for it 
increases the effectiveness of the chart.

Tabulating Data on Charts.—When it is desirable that the numerical 
data represented be tabulated directly on the chart, they may be shown 
on horizontal-bar charts as indicated in Parts A and B  of Exhibit 27, 
and on vertical-bar charts as indicated in Exhibit 28. Tabulations 
should be made in such a way that they will not interfere with the 
reading of the charts. In Part C, Exhibit 27, the figures have the effect 
of increasing the lengths of the bars, which results in a wrong impression 
of the relative values indicated. This principle applies to both horizontal 
and vertical bars.

Comparing Groups.—Bar charts are often made to show, not only 
differences between the sizes of various individual items, but also to 
compare the differences between certain groups. Exhibit 29 on com
mercial failures makes a comparison of assets and liabilities in each
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THOUSANDS OF DOLLARS
5  10 15 2 0  2 5

HOME STORE S 3 1.4 6 8 .9 2  

POSTVILLE BR. I I  1.267 .65 

MILBURN BR. S 6 ,9 2 1.3 2  

THORN R. B R . S 5.9 8 2 .6 4

A .- V E R Y  GOOD

THOUSANDS Or DOLLARS 
5 10 15 2 0  2 5

HOME STORE

MILBURN BR. 

THORN R. BR.

3 5

$3 1,4 6 8 :9 2  

5 11,2 6 7 .6 5  

16 , 9 2 1 . 3 2  

S  5.982.64

B .-  GOOD

HOME STO RE 

POSTVILLE BR. 

MILBURN BR. 

THORN R. B R

THOUSANDS OF DOLLARS
5  10 15 2 0  2 5  3 0  3 5

■  'SII 26 7.6 5

■  $6 , 

■ $5 .S

12 13 2

82.64

468.92

C .~  BAD
E x h i b i t  27.— T abulating  da ta  on horizontal-bar charts.

LEADING EXPORT MARKETS FOR AMERICAN 
MOTOR TRUCKS-1937

INCLUDING BUSSES AND CHASSIS BUT EXCLUDING ELECTRIC

VALUE BY COUNTRIES
MILLIONS OF 

DOLLARS
IO

8

6

4

2

FRANCE ARG EN - BELGIUM MEXICO UNION OF 
TINA SO. AFRICA 

$8 .52 1.331 $5,948.953 $5.491.165 $4 .9 8 3.345  $4.839.063

E x h i b i t  28.—Tabulating  d a ta  on vertical-bar charts. (Note th a t  on charta like th is one, 
the  da ta  should be lined up w ith reference to the  zero line as shown.)
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section, and a comparison of the differences within each pair of assets 
and liabilities by sections for the group as a whole. These differences 
can be easily seen and compared throughout the eight sections. Either 
vertical or horizontal bars may be used in making such comparisons. I t  
is necessary to differentiate the bars within a pair or group by shading, and 
there should be more space between the groups than between the bars 
within the groups, in order that the groups will stand out distinctly.

Necessity for Common Unit.—It is necessary to use a common unit 
in making all comparisons of size. I t  means nothing to make a chart

COMMERCIAL F A IL U R E S -1931 
ASSETS AND LIABILITIES BY SECTIONS

MILLIONS OF 
DOLLARS

ENGLAND ATLANTIC ATLANTIC CENTRAL EA ST W EST

■  A S S E T S  m  LIABILITIES

E x h i b i t  29.—Com paring different groups by means of bars.

comparing 10 dozen oranges and 50 pounds of prunes. The unit of 
measurement should be one which is common to both in this type of 
comparison.

Comparison of Component Parts.—Up to this point, the discussion 
has considered comparisons of separate items and comparisons of differ
ences between groups of items. Another important problem in size 
comparisons is that of comparing the component parts of an aggregate— 
one with another or one with the whole.

The method illustrated in Exhibit 30, commonly known as the “ pie 
chart, ” probably is most generally known because of its wide use in 
popular presentations. The pie chart permits a convenient arrangement 
of the designations of the different components, as well as the percentages 
and the actual values represented. The wording should be placed inside 
the sectors when there is sufficient room, and when possible it should be so
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placed that it reads horizontally (see Exhibit 30). The wording should 
never be placed in such a way that it reads radiating from the center, or 
following the circle, because of the difficulties and confusion in reading.

UNITED STATES
IMPORTS OF COFFEE

1937
BY COUNTRIES

ON THOUSANDS OF BAGS)

/  OTHERS
/  2.973
/  23 .IX

BRAZIL I
6.637

\ COLOMBIA 51 6% 1
\  3.247
\  25.3X

E x h i b i t  3 0 .— A  p i e  c h a r t .

Pie charts can often be made more effective by coloring or shading the 
sectors. The sectors of a pie chart should be arranged according to some 
systematic order. Usually they are arranged in order of size, and the

MAIN STORE BRANCH STORE
MAIN STORE SA LES BRANCH STORE SA LES t f £ L E S  J t n o o

$50,000 125.000 $50.000 $25.000
A B

E x h i b i t  31.— Comparison of aggregates showing component parts. A . Poor practice 
as sizes of circles are difficult to  compare. B. A good m ethod as it is easy to compare 
lengths of bars.

most generally followed order is to arrange them from large to small in a 
clockwise order beginning at the top as in Exhibit 30. Of course, a sector 
representing a combination of several small items and designated as



92 BUSINESS STATISTICS

“ all others,” would be given last place, even if larger than some of the 
other sectors.

An excellent form for showing the component parts of a whole is 
the component bar (see Part B, Exhibit 31). Component bars may

PERCENTAGE OF MINERS LIVING IN THEIR OWN HOMES 
SANDOW COAL COMPANY 

JANUARY I, 1938

MAPLE VALLEY MINE NO.3 MINE NO. I CHERRY CREEK MINE NO.2 WASHBURN

|  LIVING IN OWN HOMES 

'^ - l  LIVING IN RENTED OR BOARDING HOUSES

E x h i b i t  32.— Use of pie charts in comparing the  percentage distributions of the component
parts in different aggregates.

extend either vertically or horizontally, but that direction should be 
chosen which will make the chart easiest to read. When comparing 
different aggregates made up of component parts, the component bar

PERCENTAGE OF MINERS LIVING IN THEIR OWN HOMES
SANDOW COAL COMFANY 

JAN UARY I, 1938

PER CENT

MAPLE VALLEY 

MINE NO .3 

MINE NO. I 

CHERRY CREEK 

MINE NO. 2  

WASHBURN

LIVING IN OWN HOMES

LIVING IN RENTED OR BOARDING HOUSES

E x h i b i t  33.— Use of the bar chart in comparing the percentage distributions of the com
ponent parts of different aggregates.

is much more satisfactory than the pie chart (see Exhibit 31), because 
of the difficulty of comparing circular areas. In Part B, Exhibit 31, 
the component-bar chart is a very simple one; if a chart is more compli
cated, scales should ordinarily be added.
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In comparing different aggregates on the basis of the percentage 
distribution of their components, the pie chart and the bar chart are 
about equally effective. This is illustrated by Exhibits 32 and 33 in 
which the two different methods are used to present the same data.

Checking List.—The following list includes the most important points 
to be observed in making the charts described in this chapter, and can 
be used when checking a chart to see if it is complete:1

C H E C K IN G  LIST FO R S IM PL E  SIZE CHA RTS

D id you check for accuracy?
Is the title  simple and  clear? D id you place it  a t  th e  top of-the chart?
If you have used shadings or colors to  m ake any  necessary distinctions, have you 

included a legend or key to  th e  meanings of the shadings or colors?
H ave you placed a  convenient scale and a background of lines upon the chart to 

aid in measuring sizes?
Are the faces of th e  bars free from these lines?
Is the zero line heavy?
Are the o ther scale lines light?
Have you designated the scale units?
Have you given th e  reference or source?
Does all lettering read horizontally? (When impossible to  le tte r horizontally, 

lettering should read from bottom  to top—never from top to  bottom .)
Are your letters form ed according to  a commonly accepted style of plain lettering ?
H ave you ruled in a border line? (Optional b u t advisable.)
If desirable, have you included your nam e (lower right) and  date  (lower left)?
Are pencil lines erased?
Is the  size of the  chart appropriate for th e  purpose intended?
Will your chart be clear to  the reader?

Questions and Problem s

1. Discuss th e  im portance of graphic charts in business statistics.
2. W hat are some of th e  lim itations of graphic m ethods?
3. How does a  nea t and orderly appearance increase the value of a chart?
4. W hat requirem ents m ust be considered in planning a chart?
5. W hat are the  disadvantages of using prin ted  forms for graphic presentation? 

When is i t  advantageous to  use them ?
6. W hat degree of accuracy is required in charting business statistics?
7. State th e  requirem ents of the title  of a  chart as to  position, prominence, and 

content.
8. Discuss the  use of geometric forms varying in one, two, and three dimensions 

in graphic presentation of statistics.
9. How do th e  requirem ents of charts for publication differ from those used as 

“ working charts” ?
10. W hat factors should be taken  into consideration in  choosing betw een hori

zontal- and vertical-bar charts?
11. Where should the scale be placed on a horizontal-bar chart?  On a  vertical-bar 

chart ? How should the scale units be designated on a horizontal-bar chart scale ? On 
a vertical-bar chart scale?

1 A checking list for curve charts is given on p. 122.
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12. In  connection w ith the arrangem ent of the scale, w hat should be done to make 
the chart easily readable?

13. W here should the bar designations be placed on a horizontal-bar chart?  On 
a vertical-bar chart?  If figures are included, where should they  be placed?

14. Should the item s of a  chart be arranged in any definite order? W hy?
16. How can groups of items be compared by means of bars?
16. Can 100 tons of coal and  $50,000 worth of iron be shown in a simple comparison 

of size? W hy?
17. W hat is m eant by the comparison of component parts?
18. Describe two m ethods of presenting component parts. W hat requirem ents 

should be followed in the use of these m ethods?
19. In  making a simple chart, w hat are th e  requirem ents of the geometric form 

selected? In  th is connection, w hat precautions should be taken  in using pictorial 
or popular presentations?

20. Present as a horizontal- or vertical-bar chart:

E s t im a t e d  C o s t  o f  N e w  R e s i d e n t i a l  B u i l d i n g , J u n e  1937 
Geographic division Estimated cost
New E ng land .................................................................................  $ 4 ,025,264
Middle A tlan tic .............................................................................  14,439,473
E ast N orth  C en tra l...................................................................... 20,159,483
W est N orth  C en tra l.....................................................................  5 ,806,617
South A tlan tic ...............................................................................  8 ,274,974
E ast South C en tra l......................................................................  1,434,501
W est South C en tra l.....................................................................  3 ,622,061
M ountain .................................................................................... .... 1 ,793,802
Pacific............................................................................................... 11,315,415

T o ta l............................................................................................. $70,871,590

Source: Commerci&l and Financial Chronicle, Ju ly  31, 1937, p. 673.

Check your work carefully according to the checking list on page 93.

21. The cost of new residential building da ta  for June 1937 given in problem 20 
expressed as a percentage change from June 1936 was:

Percentage change
Geographic division from  June  1936
New E ng land ............................................................................................  + 1 6 .9
M iddle A tlan tic ........................................................................................  — 56.5
E ast N orth  C en tra l.................................................................................  + 4 9 .7
W est N orth  C en tra l................................................................................  + 5 7 .4
South A tlan tic ..........................................................................................  — 4 .2
E ast South C en tra l.................................................................................  + 4 1 .8
W est South C en tra l................................................................................  + 2 1 .9
M ountain ...................................................................................................  + 2 7 .4
Pacific.......................................................................................................... + 2 4 .9

Present the percentage-change da ta  given above on a horizontal-bar chart. 
Check your work carefully according to the checking list on page 93.
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22. Present as a horizontal- or vertical-bar chart:

S a l e s  o p  t h e  N a t i o n a l  P r o d u c t s  C o m p a n y  

By Branches
New Y ork .................................  $4,410,168 D e tro it........................................... $348,400
Chicago...................................... 2 ,085 ,747  C incinnati.....................................  233,464
Los Angeles..............................  975,358 C leveland......................................  132,557
Philadelphia.............................  553,442 S ea ttle ............................................ 130,356
W ashington..............................  448,828 B altim ore...................................... 127,824

Check your work carefully according to the checking list on page 93.

23. Present as a com ponent-bar or as a pie chart:

T h e  P a l a i s  R o y a l  D e p a r t m e n t  S t o k e  

D istribution of a  Dollar of Sales— 1937
Per cent

Cost of m erchandise......................................................................................  72
Operating expenses........................................................................................  24
P ro fit.................................................................................................................. .....4

T o ta l..............................................................................................................  loo

24. Present as a com ponent-bar or as a pie chart:

N u m b e r  o f  B u s i n e s s  F a i l u r e s  i n  1935 ( U n i t e d  S t a t e s )

Group N um ber T otal liabilities 
(thousands of dollars)

M anufacturing...................................... 2,842 72,912
8,035 95,318

Agents, brokers, e tc ................................. 1,002 61,891
11,879 230,121

Source: Statistical Abstract o f the United States, 1936, p. 296.

25. Present as a com ponent-bar or pie chart:

T h e  H o m e s t e a d  F i r e  I n s u r a n c e  C o m p a n y  A s s e t s  o n  D e c e m b e r  31, 1936
Cash in  b an k s ............................................................................  $ 303,441.93
M ortgage loans.......................................................................... 13,950.00
Bonds and  stocks...................................................................... 2 ,951 ,761 .00
Prem ium s uncollected.............................................................  172,542.42
Accrued in te re s t........................................................................ 7 ,718 .30
O ther adm itted  asse ts.............................................................  250.00

Total assets.......................................................................... . $3 ,449 ,663 .65

Source: A nnual repo rt of com pany.



CHAPTER VI

GRAPHIC METHODS (Continued)

Some of the most important work in business statistics is that in 
which phenomena are compared at different points of time. Charts are 
very valuable tools in analyzing these changes, and it is the purpose of 
the following discussion to describe the graphic methods of presenting 
data with reference to definite dates.

STEEL INGOT PRODUCTION IN THE UNITED STATES 
1 9 2 2 -1 9 3 7
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E x h i b i t  34.— The vertical-bar chart is the  only form of ba r chart th a t  should be used i n  
presenting tim e series. (The horizontal-bar chart should no t be used for this purpose.)

Bar Charts for Time Series.—Bar charts similar to those described in 
the preceding chapter are often used to show times series. In showing 
time series, however, only the vertical-bar chart is used (Exhibit 34) . 1 

The reason for this is tha t the chart of vertical bars is read in exactly the 
same manner as the time curve, which is by far the most common way of 
presenting historical data. When the vertical-bar chart is used for 
showing a series over a period, the horizontal time scale should read from

1 This rule ordinarily applies when d a ta  are presented in  relation to  tw o variables, 
b u t it does no t apply in  making simple comparisons of size, where b o th  vertical- and 
horizontal-bar charts m ay be used, as described on pp. 83-85.

96
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left to right as shown in Exhibit 34. This scale should be laid out in 
such a way that equal spaces represent equal time intervals over the 
period. The vertical scale is laid out in the same manner as described 
previously.

Curves of Size Changes in Time Series.—The most common method 
of showing time series graphically is by means of a curve. 1 In Exhibit 35, 
the arithmetic time curve (Part C) tells the same story as the bar chart 
(Part A) and the similarity is illustrated (Part B). The curve in Part C

A B C
E x h ib it  35.— Com parison of bar and curve m ethods of showing tim e series.

represents the ends of the bars, but by being continuous it indicates the 
direction of the change more clearly than a bar chart. 2

The Vertical Scale on Time Charts.—The vertical scale for an 
arithmetic time curve is laid out in the same way as the vertical scales 
of the bar charts previously mentioned. The correct position is on the 
left of the first ordinate as shown in Part A, Exhibit 36. If desirable, a 
scale may also be placed on the right of the last ordinate, but in no case 
should it be omitted on the left. 3 The scale figures should be exactly

1 The plo tting  of curves in  graphic p resentation  of business 
statistics is based on the use of coordinates in determ ining the 
positions of points in  a  plane. Coordinate axes are tw o straight
lines a t righ t angles to  each other. Their point of intersection o ____  _______ x
is called the  origin. T he horizontal line is called th e  axis of x, or 
the axis of abscissas. The vertical line is called th e  axis of y, or the 
axis of ordinates. The exact position of any point can be located 
by measuring from th e  s-axis and from th e  j/-axis.

2 By convention, th e  independent variable is p lo tted  on th e  horizontal scale and  the 
dependent variable is p lo tted  on th e  vertical scale in  sta tistical charts. The horizontal 
scale defines the question and  th e  vertical shows the answer. One determ ines the 
independent variable when he decides upon th e  term s of his problem. Readers 
of a chart like P a rt C, E xhibit 35, for instance, will recognize years as the  basis of the 
study, b u t will fix their im m ediate a tten tion  upon the  dependent variable or tonnage 
m easured upon th e  vertical scale.

3 O rdinarily when i t  is necessary to  place tw o or more different vertical scales on a 
chart, they  should be placed on the left of the graph, as in Exhibit 94B on page 192, 
ra ther th an  on bo th  sides of the  graph. There are instances, however, of charts with 
two scales where there is a good reason for no t following th is rule. An illustration of 
th is will be found in Exhibit 200 on p. 483, in which a second scale is placed on the



98 BUSINESS STATISTICS

opposite the lines which they represent (see Exhibit 36). A caption 
explaining the units used should be included, preferably a t the top of the 
scale, as illustrated in Exhibits 36 and 38, though lettering vertically 
along the side is not incorrect. When the problem is one of comparing 
sizes over a period of time, the zero line and all of the scale must be 
included on the graph. If the lower part of the scale is not shown, the

E x h i b i t  36.— A . Correct m ethod of showing size over a period of tim e, as th e  vertical 
scale is complete. B. Incorrect for showing size because lower p a rt of scale is cut off. 
(Data from  Survey of Current Business.)

reader is likely to be given a very inaccurate impression of the relative 
size changes (Part B, Exhibit 36). That is, the graphic impression 
of Part B  is, for example, that prices were over five times as high at 
the peak of 1937 as they were a t the end of the year, while the graphic 
impression of Part A is that they were approximately twice as high. 
The principle here is the same as that discussed previously in connection 
with bar charts, and a correct impression of size changes is given graph-

right of each graph for the reason th a t i t  is much easier to  read the curves which are 
plo tted  to  th is scale, because they  do no t extend across to  the left sides of the graphs. 
Ordinarily, however, all of the vertical scales should be on the left, as there  is less con
fusion, and one is no t likely to  m ake th e  m istake of reading a certain  curve from one 
scale on th e  left and a different scale on the right.

GRAPHIC METHODS 99

ically only when the entire scale is included. (See also Exhibit 47 on 
page 106.)

Sometimes it is desirable to show time changes without considering 
size or rate of change. In such cases, when the entire scale does not 
appear, attention should be called to the fact by showing a horizontal 
break across the graph just above the zero line, as in Part A, Exhibit 37, 
or simply by showing a break at the bottom of the graph as in Part B. 
Either of these warnings should prevent the reader from attempting to 
compare sizes for the different dates.

E x h i b i t  37.— W hen the  entire scale is not shown, a break should be shown across the chart 
as in A  or the  bottom  of the graph should be a broken line as in B. (See E xhibit 36.)

When a curve is plotted in percentage relatives, 1 with the 100 per cent 
line as the base above or below which the curve is plotted, the zero line 
is commonly omitted if it is a relatively long distance from the 10 0  per 
cent base line.

The Horizontal Scale on Time Charts.—The generally accepted 
position for the horizontal scale is along the bottom of the graph as shown 
in Exhibits 36 and 38. If desirable, a scale may be placed along the top 
in addition to the one along the bottom, but the one along the bottom 
should not be omitted. The position along the bottom of the chart is 
the most convenient position for making comparisons from the zero base

1 Percentage relatives of values, a t  given times, are the percentages th a t  these 
values are of a value for a certain period taken  as 100. Thus, the im ports of coffee 
from Brazil into th e  U nited S tates (in round num bers) in 1913 were 5,000,000 bags; 
in  1935, th ey  were 8,700,000 bags; in 1936, they  were 8,000,000 bags; and in 1937, 
they  were 6,600,000 bags. The percentage relatives for these coffee im ports for 
1935, 1936, and  1937, on a base of 100 for 1913, would be: 174, 160, and 132, respec
tively. (For fu rther explanation of percentage relatives, see pp. 191-194.)
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line. I t  is not necessary to explain in which units the time scales are 
expressed, except when hours, days, or some unit is used which is not 
clearly recognized. Years or months are always clear without a designa-

JAN. APR. JULY OCT 
1935

SOURCE - NEW YORK T IM ES ________

MILLIONS 
OF SHARES 

70

NEW YORK STOCK EXCHANGE TRANSACTIONS 
SHARES SOLD, JANUARY 1935 TO DECEMBER 1937

E x h i b i t  38.— C hart of m onthly d a ta  designated by quarters.

tion. I t is usually best to designate months by their common abbrevia
tions rather than by their first letters. If there is not room to letter all 
the abbreviations horizontally, the chart will usually be clearer if only 
one month in each quarter is designated, as in Exhibit 38, in which the

DOLLARS DOLLARS

A B
E x h i b i t  3 9 .— Position of scale designations in relation to points plotted.

data are plotted monthly whereas the rulings and designations are on a 
quarterly basis. When several years are designated by months, the year 
designation should be shown under the months a t the middle of the year 
as in Exhibit 38. No arrows, dimension lines, or other guides or boxes 
are necessary to show the relation of months to years. In fact, no lines 
should be included which are not necessary in reading the chart.
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Whether the points should be plotted on the lines as in P art A, 
Exhibit 39, or between the lines as in Part B, is ordinarily a m atter to be 
decided by personal preference. In either case, the designation of the 
month (or other period) should be placed exactly below the point plotted, 
in order that there may be no confusion. Thus, in Part A, each name of 
the month is directly under the vertical line on which the point is plotted. 
In Part B, each name is directly under the space in which the point is 
plotted. While the method shown in A is the most commonly used, the 
method shown in B is preferable in such instances as when it is desired

E x h i b i t  4 0 .— The zero line and the  1 0 0  per cent line should be emphasized. The curve 
should be the  heaviest ruling on the chart.

to plot yearly averages for past years, and then continue the curve on a 
monthly basis for the current year.

Emphasis of Coordinate Lines and Curves.—The zero line should be 
made heavy in order that it may be sharply distinguished from the other 
coordinate lines. Usually it is desirable to emphasize the 100 per cent 
line, or any other line that is used as a base (Exhibit 40). In the hori
zontal scale of a time graph, it is usually best not to emphasize the first 
ordinate since, as a rule, it is no more important than the other ordinates. 
If it is a base or zero line it should be emphasized. Any line may be 
emphasized for the definite purpose of adding clearness to the graph, but 
no lines on the graph proper should be emphasized merely for decora
tive purposes. Ordinarily, there is no natural break in a series a t the end 
of a year, but often a clearer chart will result if arbitrary breaks are made 
on charts, a t such points as ends of years, by heavier vertical lines. 
As a general rule, however, the first and last vertical lines and the top 
horizontal lines in a chart like Exhibit 40 should not be emphasized, 
because they are no more important than the other coordinate lines.
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The curve on a graph should be heavier than the coordinate ruling, 
and it should stand out clearly on the background. The curve and the 
zero line should be prominent since they define the limits of the sizes

NET EARNINGS OF 
THE SENTINEL CANNING COMPANY 

1 9 2 6 -1 9 3 7
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E x h i b i t  41.— The use of shading to emphasize variations.

represented; that is, in a chart like Exhibit 38 the zero line defines the 
bases of the vertical sizes to be represented and the curve defines the 
tops. Since our interest is centered chiefly in the curve, it should, as a 
rule, be made heavier than the zero line. The background of coordinate 
lines should be very light as compared with the curves and zero lines. 
In instances where it is desired to emphasize the variations, the areas 
between the curve and the zero line may be blocked in as in Exhibit 41.

Smoothed, Broken, and Step Curves.—In charting non-cumulative 
data, the original points plotted should be connected by straight lines. 
All tha t the lines between the points signify is the direction from one 
point to another. In Exhibit 42, for instance, each ordinate represents a 
month. The first one represents the entire month of January, the 
second represents February, etc. There is no time represented between 
the lines, and there is no value on the curve between the plotted points. 
The point on the February ordinate represents the total for that month, 
but half way on the curve between January and February would not 
represent the sales for the middle of the month. All that the curve does 
is to point the way from one total to the next.

Exhibit 43 shows the data of Exhibit 42 plotted on a cumulative basis. 
The space from one month to the next now represents a period of time 
and every point on the curve is now indicative of a value. For instance, 
the point half way between January 31 and February 28 indicates the 
sales accumulated from the beginning of the year until the middle of
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February. In data like sales, however, such an indication might not be 
highly accurate within the month. In other kinds of variables, such as

SA LES OF BARBER AND COMPANY 
1937

THOUSANDS TOTALS FROM JANUARY 1 
OF DOLLARS
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25
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31 28 31 30 31 30 31 31 30 31 30 31

E x h i b i t  43.— Cum ulative curve of the da ta  presented in  Exhibit 42. (Com pare w ith
E xhibit 42.)

population, changes rarely occur suddenly, and sharp angles nearly 
always would be absent from such a curve. Consequently, in plotting 
cumulative data or a continuous series, ideally the points should be 
connected by a smoothed curve, and not by straight lines. In smoothing
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a curve the maximum possible radius of curvature should be maintained 
constantly, and all breaks should be avoided unless such breaks are 
actually known to have occurred.

The step curve, shown in Exhibit 44, is usually not good practice. It 
does not show the direction of the change over a period as well as the 
broken curve, and it does not bring out the relations a t individual points

can be used.

as well as a bar chart. If two or more step curves cross one another, 
they may be quite confusing, since either (or both) vertical or horizontal 
parts may coincide. This form of curve should be used, however, when 
changes take place abruptly, as was the case in Exhibit 44.

Comparison of Size Differences in Time Variables.—Up to the 
present point in this discussion of time charts we have considered only one 
variable. Probably the greatest use of graphic methods in business 
statistics is not only in showing how the size of a single variable changes, 
but in comparing the sizes of two or more variables over the same period.

Choice of Forms When Comparing Two or More Series—Bars and 
Curves.—Bar charts can be used when showing two series over a period 
of time, but when several series are shown it is almost imperative that 
curves be used. When bar charts are used, it is necessary to differentiate 
the bars by some kind of shading or color throughout the comparison. 
The use of bars for comparing two series is illustrated in Exhibit 45, 
and the use of curves to show the same data is illustrated in Exhibit 46.
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NEWSPRINT PRODUCTION IN 
THE UNITED S T A T E S  AND CANADA, 1 9 2 8 -1 9 3 3

THOUSANDS 
OF TONS

■  UNITED STATES @ CANADA 
SOURCE» NEWSPRINT SERVICE BUREAU BULLETIN__________________________________________________

E x h i b i t  45.— Use of a bar chart in comparing two series over a period of tim e. (Adapted 
from  Newsprint Service Bureau.)

E x h i b i t  46,— D ata  of E xhibit 45 presented as curves. (Adapted from  Newsprint Service
Bureau.)
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Common Units Necessary.—In making comparisons of size of the 
kind illustrated by Exhibit 46, it is necessary that the scale used be 
common to both series. We cannot directly compare quantities of oil 
in barrels with tons of coal, but by reducing them to pounds, monetary 
values, heat units, or other units common to both, we can plot them to 
the same scale and make direct comparisons. I t  should be noted that 
the preceding statement applies to comparisons of size. The statement 
does not mean that series in different units should not be included on the 
same chart for convenience in special cases.

The importance of including the entire scale, which was discussed on 
page 98 in connection with analyzing a single series, should be emphasized

UNITED STATES IMPORTS 
millions AND EXPORTS 1921-1930

E x h i b i t  4 7 .— In  comparing sizes over a period of tim e, i t  is im portan t to include 
th e  entire scale. (Note the wrong graphic impression th a t is given if the  d o tted  portion of 
th e  chart is om itted.)

again in connection with maldng comparisons of more than one series. 
When comparing sizes over a period of time, the true relation will be 
shown graphically only when the chart is drawn to include the entire 
scale. One often sees such charts published without the lower part of 
the scale, and, consequently, an inaccurate graphic impression is given. 
In Exhibit 47, if the dotted portion of the chart were omitted, imports 
would appear to be about half as large as exports in 1924. When the 
entire scale is shown, the impression at this same point is that imports 
were more than three-fourths as large as exports.

I t  should be clearly understood that the preceding discussion applies 
to the problem of comparing sizes over a period. Whether or not the 
entire scale should be included in other cases depends upon what one 
wishes to show. There are occasional instances when it is not necessary 
to include the entire scale, but, when it is omitted, the reader should be 
warned as discussed in connection with the single-curve chart of Exhibit
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37 on page 99. The reason for emphasizing the importance of including 
the entire scale is that so often it is omitted by the inexperienced when 
the object is to make comparisons of size.

Differentiating and Designating Curves.—When two or more variables 
are represented on a graph, it is necessary to differentiate the curves so 
that they will not be confused. There are two common methods of 
doing this. One is by using different colors; the other is by using different 
kinds of dot-and-dash combinations as illustrated in Exhibit 48. The 
latter method is the one usually used when the charts are to be reproduced 
by any kind of photographic process.

E x h i b i t  4 8 .— Differentiating and designating curves.

When two or more different curves are used, it is necessary to designate 
them with the names of what they represent. This designating is done 
in two different ways, namely: (1 ) placing the names on the graph near 
the curves tha t they represent (Parts A  and B, Exhibit 48); and (2) 
showing a separate key or legend elsewhere on the chart with a sample 
of each kind of curve (Part C, Exhibit 48). Of these two methods, the 
one illustrated in Parts A  and B, Exhibit 48, is recommended as best for 
general use, since it is the most convenient from the point of view of the 
reader. The lettering should be done horizontally when there is room 
(Part A) but, if the space is limited, the lettering should follow the curve 
as in Part B. When the curves are very irregular or crowded, it is 
frequently necessary to tie the name to a particular curve by means of 
an arrow as illustrated in Parts A and B, Exhibit 130, on page 277.

Comparing Many Curves.—The number of curves that can be placed 
upon a single graph depends chiefly upon the way in which they are dis
tributed over the field, but in no case should so many be used that they 
will run together in such a manner that they can be distinguished only 
with difficulty. An exception may be made to this rule, however, when 
curves are plotted together to show correlation.
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When it is necessary to plot a large number of curves, it is usually 
better to break the chart up into a number of small graphs which should 
be drawn to exactly the same scale, as illustrated in Exhibit 49.

Components of Time Variables.—It is often desirable to show the 
component parts of a variable over a period of time, and this may be

SOURCE - SURVEY OF CURRENT BUSINESS

IRON ORE SHIPMENTS. _------------------------150
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50 
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INDEXES OF UNITED STATES INDUSTRIAL PRODUCTION 
BY YEARS, 1920-1929

(ADJUSTED FOR SEASONAL VARIATIONS)
RELATIVE TO THE 1923-1925 AVERAGE

AUTOMOBILES LEATHER & SHOES CEMENT.

FOOD PRODUCTS PAPER & PRINTING wjm.
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METALS PETROLEUM REFINING RUBBER TIRES
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TOBACCO

1920 1922 1924 1926 1928

SILVER

E x h i b i t  49.—A good m ethod of showing a large num ber of curves.

done by using bars, curves, and other devices. Component parts on the 
basis of their actual sizes are clearly shown over a time period in Exhibit 
50. In such a chart, the “ belts,” as the areas between the curves are 
called, are shaded in order that they may be more clearly indicated. 
The shaded areas are identified by placing the designations on the belts, 
as shown in Exhibit 50, or by using an outside legend or key tha t explains 
the meaning of each kind of shading.
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Rates of Change—the Logarithmic Curve.—So far, in the study of 
graphic .presentation of time series, we have considered only variations 
in size over the period, and the charts were constructed with arithmetic 
scales. If, instead of showing the actual size changes, we wish to show 
the rate of change, we can do so by using a logarithmic scale. The pur
poses of arithmetic curves and logarithmic curves are entirely distinct. 
One cannot be used instead of the other, and, in fact, a clear understand
ing of the arithmetic curve is practically impossible unless one under
stands also the logarithmic curve. Although in the past there has been a 
considerable amount of prejudice on the part of the business man against

DISTRIBUTION OF LOANS 
th o u s a n d s  BY CLASSES, 1929“ 1938
OF DOLLARS

E x h i b i t  50.— M ethod of showing component p a rts  over a period of tim e. (Data adapted.)

the logarithmic chart, he is now using it widely, since he appreciates its 
importance and realizes its simplicity.

The preceding discussion of time series considered principally the 
different sizes in time variables, as for instance in Part A, Exhibit 51, 
in which the size of the population for any one point of time can be com
pared with the size for any other date. That is, we can see that the 
population of 1930, for instance, is about twice tha t of 1890. We can
not, however, directly compare the rate of increase of one part of the 
curve with that in another. Although the curve is steeper from 1920 to 
1930 than it is from 1820 to 1830, this does not mean that the population 
was increasing at a more rapid rate in the later period. I t  means simply 
that the actual difference in size is greater. If the rate of change is to 
be shown, the logarithmic vertical scale is used, as in Part B, Exhibit 51, 
in which the slope of the curve indicates the rate of growth. I t is readily 
seen that this rate is falling off slightly, since the curve is less steep in 
the latter part of the period. I t  must be clearly understood at the out-
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set tha t the two parts of the chart in Exhibit 51 have two different and 
distinct purposes. Part A shows differences in size, but does not show 
directly the rates of change; Part B  shows the rates of change, but does 
not show directly the differences in size.1 Both charts are simple, but the 
arithmetic scale (A) has been used more widely in charting business

statistics than the logarithmic scale (B ). It is not necessary, however, 
to know anything about logarithms in order to make or use the logarith
mic chart.

Scales for Logarithmic Curves.—In Part B, Exhibit 51, the horizon
tal scale is ruled arithmetically while only the vertical scale is ruled 
logarithmically. Curves made in this combination are commonly referred 
to in business usage as logarithmic curves.2

1 I t  should be appreciated th a t  no t all problems are those of differences in size or 
those of rates of change. Sometimes, while one m ay not really wish to  show rates of 
change, it is very desirable to show a wide range of values w ithin a small space, and 
still leave the lower values readable. In  such instances, the logarithmic scale m ay 
be used for the purpose of showing high- and low-value series on the same chart w ith
ou t using double scales or losing legibility, even though the study  m ay no t be strictly  
one of rates of change. The ratio  characteristics, however, of such a curve m ust no t 
be m isinterpreted.

2 In  practical business use, th is chart is commonly called a “ logarithmic c h a rt” or 
“ logarithmic curve.” I t  is sometimes suggested th a t th e  term  “ semi-logarithmic 
c h a r t” should be used since only one scale is logarithmic, leaving the term  “ logarith-

E x h i b i t  5 1 .— A rithm etic and logarithmic scales.

GROWTH OF POPULATION OF THE UNITED STATES 
1800 -  1930

A. SIZE OF INCREASE B. RATE OF INCREASE
POP IN POP IN

MILLIONS MILLIONS
130

GRAPHIC METHODS 1 1 1

The arithmetic horizontal scale allows the uniform spacing for the 
periods of time, such as months or years, while the vertical logarithmic 
scale, which is geometrical progression, shows directly the true relative 
changes. 1 On the arithmetic chart, equal intervals on the vertical scale

E x h i b i t  5 2 .—Logarithmic chart of five decks.

represent equal differences as in Part A, Exhibit 51, where each vertical 
spacing represents ten million persons throughout the scale. In the 
logarithmic chart, equal intervals on the vertical scale represent equal 
ratios. Thus, in Part B, Exhibit 51 the space from 5 to 10 is the same 
as from 40 to 80, or 10  to 20  or for any other twofold or 10 0  per cent 
increase. In other words, all twofold or 100 per cent increases have the 
same spacing.

m ic” to  apply to  charts in which bo th  scales are logarithmic. A chart w ith two 
logarithmic scales is so seldom used in business statistics, however, th a t  i t  has become 
common practice for the business user to  a ttach  the modifying term  to  th is chart, 
calling i t  a  “ double logarithmic chart,” and to  apply the less aw kw ard term  “ loga
rithm ic” to  the single-scale logarithmic chart which is in common business use. The 
term s “ sem i-logarithm ic” and “ arith log” should be used, however, when ordering 
the coordinate paper th a t is on the m arket for use in making these charts, as a precau
tion in preventing errors or confusion.

1 A geometric progression is a  series of num bers in  which each successive term  is 
m ultiplied or divided by  a constant factor thus, 1, 2, 4, 8, 16, 32, etc.; or 16, 8, 4, 2, 
etc. An arithm etic progression is a series of num bers in which each successive term  
is increased or decreased by  a constant am ount, as 1, 2, 3, 4, etc.; or 2, 4, 6, 8, e tc.; or
15, 12, 9, 6, etc.



Ordinarily, it is not necessary for a logarithmic chart to show any 
more horizontal lines than are shown in Exhibit 51. If the curve extends 
through several decks, it may be necessary to number the vertical scale 
as in Exhibit 52, which shows a scale of from 10,000 to 1,000,000,000.
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E x h i b i t  53.—Letter-size logarithmic paper. (Reduced 2J tim es linear.) (Sometimes 
called semi-logarithmic since only the  vertical scale is logarithmic.)

When it is desired to plot a logarithmic curve, special coordinate 
paper may be obtained, or the scale may be taken from a statistician s 
scale or slide rule, and the coordinate lines drawn on plain paper. 1 One 
complete cycle or deck on a logarithmic scale is usually numbered from 
1 to 1 0 , and the decimal point may be placed so that the scale will be 
suitable for the curve to be plotted—that is, a cycle or deck may be .0 1 

to .1, .1 to 1, 1 to 10, 10 to 100, 100 to 1,000, etc. In all cases each deck

1 See p. 661 for a  sta tistic ian’s scale; and see pp. 664-665 for m ethods of reducing 
or enlarging a logarithmic scale.
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or cycle represents figures 10  times as large as those represented by the 
deck immediately below. 1 On semilogarithmic coordinate paper (see 
Exhibit 53), there are more subdivisions ruled in for convenience in 
plotting than are shown in Part B, Exhibit 51, but ordinarily no more are 
necessary for reading than are given in Exhibit 51. I t will be noted that 
the lines are closer together as the scale ascends and finally some must be 
omitted .2

A simple test to apply to the logarithmic scale in determining whether 
or not it is laid out correctly is to take a scale, the dividers, or an edge 
of paper, and see if the spaces from numbers to their doubles are the 
same—that is, the distance from 1 to 2 should be same as from 3 to 6 ; 
500 to 1 ,0 0 0 ; 4 ,0 0 0,000  to 8 ,000 ,0 0 0 ; etc.

Since the logarithmic scale is laid out in geometrical progression, 
obviously we can approach zero indefinitely, but we can never reach it.

1 See John  R. Riggleman, “ Graphic M ethods for Presenting Business S tatistics,” 
2d ed., pp. 109-115, M cGraw-Hill Book Company, Inc., New York, 1936.

! The divisions of a logarithmic scale are proportional, no t to  th e  num bers them 
selves b u t to  their logarithm s. T h a t is, th e  scale is divided logarithmically, and the 
designations are no t th e  logarithm s b u t the  num bers corresponding to  the logarithm s. 
Thus for instance, 4 is over halfway between 1 and 10 because the logarithm  ol 4 is
0 6021, which is more th a n  half as large as th e  logarithm  of 10 which is 1; b u t instead 
of using the logarithm  0.6021 in the scale, th e  corresponding num ber 4 is used.

If semi-logarithmic paper or a logarithm ic scale is no t a t  hand, a ratio  chart m ay 
be made by  reducing the  da ta  to logarithm ic term s, and then, using the  ordinary 
arithm etic scale and paper, the logarithm s of th e  given quantities will be p lo tted  
instead of the quantities themselves (Exhibit 60, P a rt G, page 119).

If no logarithmic scale is a t  hand, and i t  is desired to  make a  chart on a semi- 
logarithmic coordinate ruling, the logarithmic scale m ay be laid ou t as follows: 
Suppose th a t  i t  is desired to  lay ou t a  logarithmic scale in  round num bers from 10 
to  100 (10 20 30, 40, 50, 60, 70, 80, 90, 100). Look up th e  logarithm s of these round 
numbers, which would be as follows: 10, 1.00; 20, 1.30; 30, 1.48; 40, 1.60; 50, 1.70' 
60 1.78; 70, 1.85; 80, 1.90; 90, 1.95; 100, 2.00'. Next, lay  out, arithm etically, a  scale 
on' which to plot these logarithm s as in A  as illustrated  below. Then plot the fore-
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going logarithm s as shown by th e  points in B. Next, rule lines spaced accord
ing to  th e  points p lo tted  in  B, as in C. Then num ber the lines according to  the 
natu ra l num bers as in  D , n o t according to  the logarithm s. As explam ed above, 
the divisions of a logarithm ic scale are proportional, no t to  th e  num bers them selves, 
b u t to  the ir logarithm s; th a t is, the scale is divided logarithm ically and the designa
tions are no t the logarithm s, b u t the n a tu ra l numbers.
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UNITED STATES EXPORTS OF AUTOMOBILE TIRES 
THOUSANDS 1929 —1937or TIRES
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E x h i b i t  5 4 .— Wrong. Such a use of bars on a logarithmic scale is incorrect.

COMPARISON OF SALES OF 
MAIN STORE AND BRANCH STORE 

1934 -1938

A.—SIZE OF CHANGE B .-RATE OF CHANGE
THOUSANDS 

OF DOLLARS OF
70
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0
1934 1935 1936 1937 1938 1934

MAIN STORE BRANCH
1934 $4,000 $1,000
1935 8,000 2,000
1936 16,000 4.000
1937 32,000 8,000
1938 64,000 16,000

E x h i b i t  55.—Simple comparison of sizes of change {A), and ra tes of change (B ).
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In other words, there is no zero on a logarithmic scale. Furthermore, 
there is no base line on a logarithmic scale, for any value is as much base 
value as any other. The scale may begin with 1, 3, or any other number. 
I t  is necessary only to choose a scale sufficiently long to include the 
data to be plotted, as in Part B, Exhibit 51. Since there is no fixed 
base, the bottom line of a logarithmic chart should not be emphasized 
as is the zero line for an arithmetic scale.

Meaning of Slopes of Curves.—In logarithmic charts the index of 
the rate of change is the slope of the curve. If a curve has a steeper slope

in one part than in another, it means that the steeper part is changing at 
a higher rate. Thus, in Exhibit 51, population increased more rapidly 
during the first half of the period shown than during the second half. 
A straight line over a period would represent a constant rate of change. 
The area under a curve, which is so important on an arithmetic graph, 
is meaningless on a logarithmic chart.

Occasionally one sees a chart drawn like Exhibit 54, which is dis
tinctly incorrect. The bars have no significance in this chart in repre
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senting relative changes, and they cannot represent sizes, as there can 
be no zero base on a logarithmic chart.

Comparisons of Rates of Change.—It must be kept in mind that the 
purposes of the arithmetic curve and the logarithmic curve are dis-

E x h ib it  57A .— Com paring size changes. (See Exhibit 57B.)

COTTON AND WOOL CONSUMPTION 
IN THE UNITED STATES

E x h i b i t  57B .— Com paring relative fluctuations or rates of change. (See E xhibit 5<A.)

tinctly different. The two cannot be combined, and one cannot take 
the place of the other. This point will be brought out more clearly by a 
consideration of Parts A and B, Exhibit 55. In A, we can compare the 
size of one store with that of the other, and it is easy to see that the main 
store is about four times the size of the branch. We cannot, however,
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directly compare the rates of change in the two curves—that is, we can
not tell directly which store is growing the faster. To determine this 
we can use the logarithmic curve as illustrated in Part B, Exhibit 55, 
which shows that the rates of change are the same.

Exhibit 56 further illustrates the comparison of rates of change 
between two different series. I t  is easy to see in this chart that imports 
of rayon into the United States have tended to increase much more 
rapidly during the last few years than imports of silk.

Business men often attem pt to compare the rates of change between 
arithmetic curves without realizing how greatly they are being misled. 
For instance, a number of executives of a large eastern bank were studying 
the 1920 drop in cotton and wool consumption (see 1920 in Exhibit 57^4) 
from an arithmetic chart which appeared in the Federal Reserve Bulletin. 
After a discussion, they agreed as to the reason why cotton consumption 
is more speculative than wool consumption, when, as a m atter of fact, 
cotton does not fluctuate relatively as much as wool (Exhibit 57B). 
The arithmetic curves which these men were studying showed sizes of 
fluctuations, whereas the conclusions that they were drawing should have 
been based upon relative fluctuations, which are shown directly by the 
logarithmic chart. Such instances indicate that it is very im portant to 
understand the nature and use of the logarithmic curve in order that 
one may use correctly the arithmetic curve.

I t  has been pointed out that the rates of change 
of the two series in Part B, Exhibit 55, are the same.
Whenever, in a logarithmic chart, two curves run 
parallel in the sense that the vertical distance 
between them remains unaltered, the rates of 
change are the same. In this connection, it 
should be appreciated that curves which are parallel 
in the sense that the vertical distance remains the 
same, may not be separated by equal direct dis
tances. Exhibit 58 shows two curves that are 
parallel in that the vertical distance between them 
does not vary, but the direct distance between the
two curves changes. This effect is pronounced E x h i b i t  5 8 .— These 

, , c c A - I . J . U J . -  i_ curves are parallel in theonly when curves are far from straight, but in such aense that the vertical
cases care must be taken to consider the vertical distances betw een them

, , , , ,  are the  same,distances between the curves.
Common Units Not Necessary in Comparing Rates of Change.—Rates 

of change in variables may be compared on a logarithmic chart, even 
though they are not expressed in common units. In arithmetic charts, 
we cannot directly compare the sizes of coal and oil productions when 
coal is expressed in tons and oil in barrels. In logarithmic charts, how
ever, different units do not prevent comparing rates of change, for if oil
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production increases over a given period from 200 to 400 million barrels, 
and coal increases from 300 to 600 million tons, the production has 
doubled in both instances, and hence the rates of change are the same.

Comparing Different Logarithmic Charts.—When it is desired to 
make logarithmic charts in such a way that they can be compared directly, 
they should be drawn with the same spacing in the horizontal scales, 
and the vertical scale should be so drawn that equal spaces will represent
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E x h ib it  5 9 ,— Shifting logarithmic curves to facilitate comparison.

equal ratios. That is, on all of the logarithmic scales the spaces from 
all numbers to their doubles should be the same.

Shifting Logarithmic Curves to Facilitate Comparison.—Since, on a 
logarithmic chart, the index of the rate of change is the slope of the curve, 
it is sometimes desirable to bring the curves closer together in order to 
facilitate comparison. Thus in Part A, Exhibit 59, the curves are too 
far apart to see easily the differences in the rates of change. So in Part 
B, these same curves are placed together and the differences can be noted 
more easily. Both curves may still be read from the scales if they are 
included as in Part B, Exhibit 59. If it is desired to plot the data directly, 
one scale may be raised or lowered in position along the other by multi
plying or dividing it by a constant. Thus, in Part B, Exhibit 59, every 
number in the left-hand scale is exactly five times the opposite number 
in the right-hand scale.

Another method of shifting curves to facilitate comparison is through 
the use of percentage relatives.

Comparison of Percentage Relatives.—Percentage relatives are used 
when it is desired to compare not absolute sizes of the quantities or rates 
of change over the period, but the changes that have taken place in terms 
of percentages of the value a t some particular period. In determining 
percentage relatives, the data for one period or average of a period are 
taken as the base, usually indicated as 1 0 0 , upon which the data for the
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following or preceding periods are computed as percentages. Thus, in 
Exhibit 60, Chart A compares the actual sizes of the two prices over the

E x h ib it  60.— Various m ethods of comparing tim e series.

period, while Chart B  compares the changes that have taken place by 
showing what per cent of the 1934 values the prices are for the other dates
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—that is, for 1936 the percentage relative on the base of 1934 for stock 
No. 2 is 400, which means that it is 400 per cent of the price for 1934.

The use of the percentage-relative chart must not be confused with 
that of the logarithmic chart. The two are distinctly different. While 
we can see from Chart B, Exhibit 60, that the proportional increase from 
1934 to 1938 is greater in No. 2 than in No. 1, we cannot compare the 
rates of change for the different periods in either’curve. Rates of change 
are compared in Charts D, E, F, and G (Exhibit 60). When the curves 
are plotted on a logarithmic scale, it will be noted that the slopes of the 
curves are the same whether the actual numbers or the percentage rela
tives are plotted.

If percentage relatives of the same base year are plotted as in Chart 
E, Exhibit 60, the curves are automatically shifted so that they are close 
to each other, which facilitates the comparison of logarithmic curves as 
has been discussed previously. Another good instance of reducing the 
data to percentage relatives for the purpose of shifting the curves to 
facilitate comparison is the chart shown in Exhibit 175 on page 370. 
The slight spread between these curves is very significant. Unless they 
are close together, it is difficult for the reader to appreciate the differ
ences in the slopes.

If two series of percentage relatives, having different base periods, 
are to be studied, they cannot be compared directly on an arithmetic 
scale without distortion (see Chart C, Exhibit 60). Different base 
periods, however, make no difference in the shapes of the curves plotted 
on the logarithmic scale; this is illustrated by Chart F, Exhibit 60. 
These different methods of handling the data do not alter the rates of 
change, and hence there is no difference in what is shown by Charts D, 
E, and F, Exhibit 60.

If a logarithmic scale is not at hand, a logarithmic chart may be con
structed as shown in Chart G, Exhibit 60. In this graph, the logarithms 
of the given quantities are plotted (on an arithmetic scale) instead of the 
quantities themselves. 1 Kates of change are shown by the slopes of the 
resulting curves. I t  will be noted that the shapes and slopes of the curves 
in Chart G are the same as in Charts D, E, and F.2

Cumulative and Non-cumulative Series.—It is important that the 
distinction between cumulative and non-cumulative data be clearly 
appreciated in the field of business statistics as a whole, as well as in the 
special field of graphic presentation. Otherwise, considerable confusion 
is likely to result due to attempts to make direct comparisons of cumula
tive with non-cumulative series. This is true whether amounts of change 
or rates of change are being compared. When a chart similar to that 
presented in Part A, Exhibit 61, was being considered by a certain group

1 See first two paragraphs of second footnote on page 113.
2 C harts H  and I, Exhibit 60, will be referred to  la ter; see footnotes pp. 224 and 322.
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of business men, a number of those present raised the question as to why 
building activity declined so materially while population continued to 
increase. Though several possible reasons were advanced, the chief 
difficulty was that the building permit series was non-cumulative, while 
the population series was of a cumulative nature. As a general rule in 
such instances, either the annual building permit figures should be

ANNUAL BUILDING PERMITS 
COMPARED WITH 

ANNUAL POPULATION INCREASES 
LOS ANGELES, 1920-1930

PERMITS IN 
MILLIONS OF DOLLARS 

POPULATION 
IN THOUSANDS

ANNUAL BUILDING PERMITS 
COMPARED WITH 

TOTAL POPULATION 
LOS ANGELES, 1920-1930

PERMITS IN 
MILLIONS OF DOLLARS 

POPULATION 
IN THOUSANDS 
2,000

1,000
800
600
500
4 0 0
300

200

1922 1924 1926 1928 1930

A  B
E x h ib it  6 1 .—In comparing series (graphically or otherwise), it is im portan t to dis

tinguish between cum ulative and non-cum ulative data . A . Non-cum ulative series com
pared with cum ulative series—.a difficult comparison to  analyze. B. B oth series of P a r t  A  
shown on a non-cum ulative basis; the comparison is m uch easier to analyze.

compared with the annual increases in population, or the total population 
figures should be compared with a similar net cumulative series such as 
total building in existence. 1

The two series of Part A, Exhibit 61, are both shown on a non- 
cumulative basis in Part B. That is, the annual building figures are 
compared with the annual increases in population. I t  is obvious that 
the type of comparison illustrated in Part B  is ordinarily of greater 
significance and easier to interpret than that in Part A.

Other Types of Statistical Charts.—This discussion of graphic meth
ods has considered only the methods for showing simple comparisons of 
size (bar charts, pie charts, etc.), arithmetic curves, and logarithmic 
curves. In addition to those, charts of frequency curves, correlation

1 I t  is also often necessary to  m ake o ther adjustm ents and corrections, such as 
eliminating effects of price changes, when making such comparisons. These will be 
discussed later. I t  is the  object here only to  point ou t the im portance of distinguish
ing between cum ulative and non-cum ulative series.
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curves, and statistical maps are used in business statistics. For dis
cussion of the technique involved in constructing these charts, the reader 
is referred to the more specialized books on graphic methods. Examples 
of these charts will be given, and their use will be illustrated later on 
throughout this text in connection with the various applications and 
interpretations of statistical methods and data.

Checking List for Curves.—The following list includes the most 
important points to be observed in making curve charts; it can be used 
when checking arithmetic and logarithmic time charts, frequency charts, 
and correlation charts to see if they are complete:

C H E C K IN G  L IST  FO R  CURV E CHA RTS
H ave you placed your vertical scale (dependent variable) on the left of the graph, 

and  does i t  read from bottom  to  top? (If desirable to  show the scale on the right, 
i t  m ay be placed there in addition to  the scale on the left.)

H ave you placed your horizontal scale (independent variable) along the bottom  
of the graph, and does it  read from left to  right? (If desirable to  place th e  scale a t 
the  top, it  m ay  be placed there in  addition to  th e  scale a t  the bottom .)

H ave you centered a caption over the vertical scale?
If necessary, have you placed a designation under the horizontal scale?
If you have used two or more curves, have you designated them , and  can they  be 

distinguished clearly?
Are your curves heavy?
If you have shaded or colored bars or areas, have you included designations or a 

key or legend? Are the faces of any  such bars free from coordinate or scale lines?
If the vertical scale is arithm etic, is th e  zero line or 100 per cent base line heavy? 

(The bottom  line of a logarithmic chart should no t be emphasized.)
Is your background of coordinate lines light?
Is your title  your largest lettering?
Is th e  title  clear and easy to  read?
H ave you given the reference or source (if desirable)?
Does all lettering  read horizontally? (When impossible to  le tte r horizontally, 

le ttering  should read from bottom  to  top—never from top  to  bottom .)
Are your letters formed according to  a  commonly accepted style of plain lettering?
D id you check for accuracy?
H ave you ruled in a  border line?
H ave you given your name (lower right) and  the date  (lower left) if desirable?
Are pencil lines erased?
Will your chart be clear to the reader?

Summary of Graphic Methods.—In the description of methods 
as applied to the charts in the last two chapters, certain fundamental 
rules of practice have been developed. These rules apply to other kinds 
of charts, and a thorough knowledge of them on the part of the reader 
will be assumed when other kinds of charts are used later on in this book. 
For convenience, both in review and in reference, these fundamental rules 
have been summarized and presented graphically in Exhibit 62.1

1 This sum m ary of rules is adapted  in p a rt from the “ R eport of the Jo in t Comm ittee 
on S tandards for Graphic Presen tation ,” Quarterly Publications of the American 
Statistical Association, Vol. 14, pp. 790-797, 1915.
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YEAR TONS |
1900 270588

|  I
1930 555071 1 1

1900 1930

Fig. l a Fig.
1930

lb
1. When possible, linear magnitudes should be used (Fig. 

than areas (lb) or volumes (lc).

Q Li
1900 1930

Fig. J c  

la) rather

Fig. 5b Fig. 5c
5. The zero lines of curve scales should be sharply distinguished from the 

other coordinate lines (Figs. 5a, 5b and 5c). In showing time series, the first 
vertical line should not be emphasized as a zero line since it does not represent 
the beginning of time (Fig. 5a).

Fig 6a Fig. 6b Fig. 6c
6. When the 100 per cent line is used as a basis of comparison, it should 

be emphasized (Figs. 6a, 6b and 6c).
E x h ib it  62.— Sum m ary of rules for graphic presentation of business statistics. (Continued

on pages 124 and 125.)

4. If the complete scale is 
not included, the fact should be 
emphasized by a horizontal break 
as m Fig. 4a or 4b.

Fig. 4a rig . 4b

MONTHS
Fig. 3

2. The general arrangement 
sh6uld proceed from left to right
(Fig. 2).

3. If the graph is to show 
sizes directly, the complete scale 
and zero line should be included 
(Fig. 3).
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8 It is advisable to show 
no more coordinate line's than 
are necessary to guide the eye 
in reading the diagram. Fig. 8a 
is easier to read than Fig. 8b.

11. When irregular or scat
tered data are plotted, it is often 
desirable to indicate the points 
representing the different obser- 
valions as m Figs. I la and lib.

Fig. I la  Fig. l i b
E x h ib it  62 {Continued) .— Sum m ary of rules for graphic presentation of business statistics.

Fig. 7

7. When a logarithmic chart 
is made, the top and bottom 
limiting lines should each be at 
some power of ten if convenient 
(Fig. 7a). If not convenient, as 
when only a small portion of 
the range is used (Fig. 7b), any 
other lines may be used as top 
and bottom limits.

9. The curves should be 
sharply distinguished from the 
background of coordinate lines 
(Fig. 9). Since the attention is 
centered on the curve, it should 
be made more prominent than 
the zero line as shown in Fig. 9.

10, When lettering cannot 
bo made to read horizontally as 
in Fig. 9, it should be made to 
read from bottom to top as in 
Fig. 10 —never from top to bot
tom. That is, if it cannot be 
placed like this: ABC, it should
be placed like this: CQ , but never
like thSs.S*O
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12. The scales should be
Claced at the left and at the 

ottom of the graph as in Figs. 
12a and 12b. If desirable they 
may be placed at the top and 
on the right also, but they 
should never be omitted on the 
left and on the bottom.

Fig. 14a Fig. 14b

13. A caption describing the 
units used in the vertical scale 
should be placed at the top of 
the scale as in Fig. 13a. (An
other method is to place the 
designation along the side but 
this is less preferable.) When 
desirable, the horizontal scale 
should be designated as in Fig. 
13b. (Ordinarily it is not nec
essary to designate years or 
months.)

14. When two or more 
curves are presented, they should 
be differentiated (solid, dashed, 
dotted lines, etc.) and properly 
designated (see Figs. 14a and 
14b). The method of placing 
the designations along the curves 
(14a) is preferred.

NEW YORK 
BOSTON

MILES

Fig. 13b

Fig. 15
15a. The title of a chart should be placed at the top as in Fig. 15. It should be as clear and 

complete as possible. Subtitles, descriptions and footnotes should be added if necessary to insure clearness.

15b. Usually it is desirable to place a border line around the entire chart to give it a finished 
appearance (Fig. 15).

E x h ib it  62 {Concluded) .— Sum m ary of rules for graphic presentation of business statistics.
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Questions and Problem s

1. Can tim e series be presented by  bar charts? W hat kind of bar charts? 
Describe a  more common w ay of presenting tim e series graphically.

2. W hat are coordinate axes? W hat is th e  axis of ordinates? The axis of 
abscissas? The axis of x l  The axis of y l

3. Should the dependent variable be p lo tted  on the horizontal or vertical scale in 
an  arithm etic tim e chart? W hat figure should constitute the base and w ith w hat 
exceptions?

4. On w hat scale should th e  independent variable be p lotted?
5. Should points be p lo tted  on or between th e  vertical lines? W hat are the 

requirem ents regarding the location of th e  horizontal scale figures or words?
6. How should th e  vertical scale be arranged and  designated?
7. W hat lines of a curve chart should be emphasized? W hy?
8. How should points p lo tted  on curve charts be connected?
9. W hy is it  seldom good practice to  use step curves ? W hen should they  be used ?

10. W hat kind of chart is best for presenting several series of da ta  over a period of 
tim e? W hy are bar charts no t feasible for this kind of presentation?

11. Do curve charts have th e  same requirem ents as b a r charts as regards the 
necessity for common units? W hy?

12. W hen several series are shown on a  curve chart, how should th ey  be dis
tinguished?

13. W hat can be done if th e  num ber of series becomes unwieldy for one graph?
14. W hat are “ b e lt” charts? W hen should they  be used? How are they 

designated?
15. “ The purposes of the arithm etic curve and logarithm ic curve are entirely 

d istinct.” Explain.
16. W hat does the steepness of an arithm etic curve signify? The steepness of a 

logarithmic curve?
17. W hat is th e  difference between arithm etic and logarithmic scales?
18. Are there any  requirem ents regarding the base figure of a  logarithmic scale? 

Discuss.
19. A rithm etic curves of the sales of two stores would tell us w hat regarding 

their records? Logarithmic curves would tell us w hat regarding their records?
20. In  comparing series on logarithmic charts is i t  necessary to  have common 

units? W hy?
21. P resent the following da ta  in the form of a vertical-bar chart (see E xhibit 34):
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M o t o r  V e h i c l e  R e g is t r a t io n  i n  t h e  U n i t e d  S t a t e s , 1925-1935

Year
Registration 

in  thousands
1925 19,937
1926 22,001
1927 23,133
1928 24,493
1929 26,501
1930 26,545
1931 25,833
1932 24,115
1933 23,844
1934 24,952
1935 26,231
1936 28,166
1937 29,705

Source: Automobile Facts and Figures.

Check your chart according to the checking list on page 122.

22. Below are given the factory sales of passenger cars in the U nited States and 
Canada for cars in two price classes.

Year
N um ber sold

$501 to  $750 $2,001 to $3,000

1925 660,520 54,814
1926 1,149,301 73,738
1927 957,987 50,064
1928 1,219,266 55,304
1929 1,317,116 47,587
1930 680,352 27,266
1931 413,929 12,714
1932 260,831 8,679
1933 237,099 8,725
1934 715,989 6,879
1935 1,444,529 5,413
1936 1,677,558 4,326
1937 2,392,415 4,061

Source: Automobile Facts and Figures.

Present the above da ta  on an arithm etic tim e curve (see Exhibit 46).
Check your work according to  the checking list on page 122.

23. The Annalist index of business activ ity  in relation to  a com puted norm al is:
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Y ear and  index as a per cent of com puted norm al
M onth

1928 1929 1930 1931 1932 1933 1934 1935 1936 1937

Ja n u a ry ................. 98 0 105 5 95 0 74 4 73 4 65 7 79 6 87 2 92 2 104 2
F eb ru a ry .............. 99 7 106 1 94 2 76 2 71 4 66 1 83 2 86 7 88 9 105 7
M arch ................... 99 4 104 3 91 2 78 0 69 8 62 5 84 6 84 4 89 4 106 8
A pril...................... 99 9 108 8 95 0 80 8 66 8 69 2 85 9 82 8 94 1 107 0
M ay ....................... 101 3 110 1 90 0 78 1 64 3 77 3 86 4 81 8 95 8 110 0
J u n e ....................... 98 7 108 9 89 0 76 5 63 9 87 5 83 8 82 0 97 6 107 1
J u ly ........................ 100 5 109 9 86 4 78 2 62 9 94 0 78 0 82 7 102 3
A ugust................... 102 1 108 1 83 1 73 5 64 4 87 5 75 1 84 9 102 5
Septem ber............ 102 4 107 3 82 4 70 8 68 5 82 0 71 4 86 1 102 9
O ctober................. 105 0 105 7 79 5 66 2 69 8 78 5 74 6 89 1 103 3
N ovem ber............ 103 7 96 9 76 1 65 0 69 2 75 3 76 0 92 0 107 1
D ecem ber............. 102 0 92 1 76 1 65 8 68 8 77 5 82 4 96 7 110 5

Source: Survey o f Current Business and The Annalist.

Present the  per cent deviations from norm al of the above d a ta  on an arithm etic 
plus and minus tim e curve and shade the  proper area for emphasis (see E xhibit 41).

24. M onthly sales of two units of Jay  and Co., a chain-store retail merchandising 
company, for the three years 1935—1937 were as follows:

Y ear and  m onth

Sales, in thou
sands of dollars

Y ear and m onth

Sales, in thou
sands of dollars

U nit A U nit B U nit A U nit B

1935
24.1 418

1936
Ju ly ................................ 41.8 542

26.2 429 A ugust........................... 49.6 551
25.1 431 Septem ber.................... 43.5 562
27.4 464 O ctober......................... 50.2 566
25.7 456 N ovem ber.................... 48.7 582
24.2 455 D ecem ber..................... 64.3 636

July ............................... 26.0 461 1937
24.9 458 Ja n u a ry ......................... 60.1 590
3J 8 449 F eb ru a ry ....................... 59.7 598
27.6 470 M arch ............................ 62.3 622
32 4 484 50.3 608
40.3 521 72.4 610

1936 70.1 621
34 1 502 69.2 624
36 0 508 A ugust........................... 67.4 625
35.8 525 Septem ber.................... 74.3 632
43.2 541 O ctober......................... 81.2 648
34.1 524 ! N ovem ber.................... 78.2 654
40.0 531 D ecem ber..................... 94.1 682
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a. Present the da ta  as two curves in the form of an arithm etic tim e chart.
b. P resent the da ta  as two curves in the form of a logarithmic tim e chart.
c. Does the chart presented in (a) clearly compare the “ am o u n t” of sales of the 

two units over th e  period? Does the  chart presented in (6) clearly compare the
rates of change” of sales of the two un its over the period?

Analyze your charts and present a brief report of your analysis.

25. M onthly sales of Sears Roebuck and Co. for the years 1934-1936 were (sales 
in thousands of dollars):

M onth
Sales

1934 1935 1936

Ja n u a ry .....................
F eb ru a ry .......................

21,971 
on KQA

23,776 27,672 
27,580 
36,081M arch ............... 25,280 

25 165
31,980

A pril............

35,190
35,131
29,594

39,011
44,923
46,359
39,634
38,903
47,617
58,135
49,014
66,433

27,064 
21 4Qfi

91Q
Septem ber................... 29 904 34,301

44,048
40,867
51,338

O ctober............ 34 430
N ovem ber...............
D ecem ber.................

33,694
41,947

Source: Survey o f Current Business.

a. Present the above data  in the form of an arithm etic tim e curve.
b. Present the above data  in the form of a logarithmic tim e curve.
c. Analyze your curves and write a brief report of your analysis.

26. The sales of Sears, Roebuck and Co. and  of M ontgomery W ard and Co. for 
the years 1934-1936 were as follows (sales in thousands of dollars):
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M onth

1934 1935 1936

Sears,
Roebuck

and
Co.

M ont
gomery 
W ard 
& Co.

Sears,
Roebuck

and
Co.

M ont
gomery 
W ard 
& Co.

Sears,
Roebuck

and
Co.

M ont
gomery 
W ard 
& Co.

Ja n u a ry ..................... 21,971 .14,779 23,776 17,418 27,672 18,508
F eb ru a ry .................. 20,594 15,422 23,668 17,905 27,580 17,855
M arch ........................ 25,280 18,312 31,980 22,783 36,081 24,845
A pril.......................... 25,165 20,872 34,073 25,571 39,011 30,403
M a y ........................... 30,137 20,935 35,190 22,915 44,923 30,295
J u n e ........................... 27,064 19,266 35,131 23,822 46,359 30,330
J u ly ............................ 21,496 15,891 29,594 20,293 39,634 25,636
A ugust....................... 25,219 18,915 29,553 22,849 38,903 27,422
Septem ber................ 29,904 23,093 34,301 25,173 47,617 33,357
O ctober..................... 34,430 29,704 44,048 35,879 58,135 45,455
N ovem ber................ 33,694 26,901 40,867 30,910 49,014 36,979
D ecem ber................. 41,947 34,684 51,338 39,475 66,433 51,789

Source: Survey o f Current Business.

a. Present the data  in the  above table as an arithm etic tim e chart. Does the 
chart clearly compare the am ount of sales of the two stores over the same period?

b. Present the data  in th e  above table  as a  logarithmic tim e chart. Does the 
chart clearly compare the rates of change of sales of the two stores over the period?

c. Analyze your charts and  hand in a brief report of your analyses.

27. a. P resent the da ta  on th e  num ber of commercial failures in th e  form of an 
arithm etic tim e curve and in the form of a logarithmic tim e curve (see Exhibit 51).

b. Using 1913 as 100 express the num ber of failures in o ther years as a  per cent of 
the num ber of failures in 1913 and present these percentages as an arithm etic time 
curve.

Year
N um ber of 

failures
Year N um ber of 

failures
Year N um ber of 

failures

1913 16,032 1921 19,656 1929 22,908
1914 18,276 1922 23,676 1930 26,352
1915 22,152 1923 18,720 1931 28,284
1916 16,980 1924 20,616 1932 31,824
1917 13,848 1925 21,216 1933 19,860
1918 9,984 1926 21,768 1934 11,724
1919 6,456 1927 23,148 1935 11,508
1920 8,880 1928 23,844 1936 9,185

28. Present the following da ta  as a belt chart (see Exhibit 50):
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M i d v a l e  D e p a r t m e n t  S t o r e  
C o s t  o f  G o o d s , O p e r a t i n g  E x p e n s e s , a n d  N e t  P r o f i t , 1928-1937

Year Cost of 
goods sold

O perating
expenses

N et
profit

Total
sales

1928 $3,940,172.40 $1,869 ,432 .47 $387,132.17 $6 ,196,737.04
1929 4 ,132 ,116 .44 1,932,186.41 401,327.42 6,465,1630.27
1930 2,013 ,412 .80 1 ,132,114.10 104,309.11 3,249,836.01
1931 981,431.41 493,132.11 42,116.31 1 ,516,679.83
1932 642,118.92 321,168.42 10,214.60 973,501.94
1933 983,114.17 302,114.07 41,172.15 1,326,400.39
1934 1,113,417.86 414,618.35 120,112.74 1,648,148.95
1935 1,842,191.56 984,361.12 114,182.43 2,940,735.11
1936 3 ,143 ,861 .34 1,489,361.42 294,132.14 4 ,927 ,354 .90
1937 4,-132,171.64 2 ,167 ,804 .90 321,432.81 6 ,621 ,409 .35

29. (Percentage distribution of components over a period.) Reduce cost of goods, 
operating expenses, and net profit in the table  of Problem 28 to  percentages of total 
sales for each year, and present as a percentage belt chart. (Your chart will be similar 
to  E xhibit 50, except th a t th e  top of the upper belt will be a stra igh t horizontal 100 
per cent line.

Prepare a brief analysis of your chart.

30. (Simple comparison of arithm etic and geometric progressions.)
Assume th a t the following represents the grow th of two investm ents from 1935 

to  1938:

Year Investm ent 
No. 1

Investm ent 
No. 2

1935 $1 $1
1936 2 2
1937 3 4
1938 4 8

Present the above data  graphically as follows (see first six graphs in E xhibit 60):
a. Actual da ta  on arithm etic chart.
b. Percentage relatives (1935 =  100 for both  series).
c. Percentage relatives (1935 = 100 for No. 1, and 1938 = 100 for No. 2).
d. Same as a, bu t on semi-logarithmic chart.
e. Same as b, b u t on semi-logarithmic chart.
/ . Same as c, b u t on semi-logarithmic chart.
Analyze your curves and explain w hat each graph shows.



CHAPTER VII

STATISTICAL DISTRIBUTIONS

To facilitate interpretation and analysis, unorganized statistical 
data must be arranged or grouped in an orderly manner. When thus 
arranged or grouped, the data constitute a statistical distribution.

The most common bases of arrangement or classification are: (1) 
kind, (2) size, (3) location, and (4) time of occurrence. Distributions 
according to these bases will now be considered and illustrated.

Distribution According to Kind.—When the data represent kinds of 
objects or kinds of characteristics, the distribution may be made on the 
basis of kind, rather than upon size, location, or time. In Chapter IV, 
Part A of Exhibit 5 (page 49) presented the purchases of the Western 
Elevator Company according to the kinds of grain. Similarly, the kinds 
of people in the United States are shown in the Federal Census Reports— 
kinds being stated by race, by nativity, by sex, etc. Many classifications 
by kind will be found in business data, such as distributions by kind 
of consumer, by kind of product, by kind of raw material, or by kind 
of workers.

Distributions by Size or Degree of Variation.—Some data are col
lected in the form of varying sizes of one variable quality. Thus, if 
earnings of laborers are compiled, the data will present varying sizes or 
variations in degree of one variable, namely earnings.

There are two principal types of distributions by sizes of the items. 
One, the array, does not group the data into classes, but merely presents 
them in an order of size arrangement. The other, th e frequency distribu
tion, presents the data according to occurrence by size classes.

The Array.—If we were to collect data on the incomes of families 
living in New York City, listing each amount of income in the order 
observed, our collection would appear as an unorganized mass of details. 
Each family income would have no size relationship to the adjacent 
incomes listed, for the adjacent amounts might be slightly or very much 
higher, or lower, depending upon chance circumstances.

However, if the incomes were arranged in order of size from the small
est to the largest (or vice versa), each item being listed even though incomes 
of given amounts were repeated one or more times, the result would be 
an orderly presentation of the incomes of New York families. Such a 
distribution is called an array; it is a distribution in which the varying
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sizes1 are shown in the order of size, with every value listed. A tabular 
illustration of an array is given in Exhibit 63.

The array, because it shows the value of every observed case, is not 
always a practical form for presenting a large number of items. In 
showing a small number of observations, however, it is often useful. 
W hat is the population of each of the 10 largest cities in the United 
States? In answering this question, it is natural to present the cities 
according to the variation in the attribute, population, in order of size, 
and the result is an array. Furthermore, if we wish to show the annual 
sales of certain department stores in a city, it is probable that we would 
list the stores in the order of size of sales. Whether the varying sizes 
of sales are shown in the order from the largest to the smallest or from 
the smallest to the largest is immaterial; in either case, the result is an 
array. I t may be added that the largest size will ordinarily be given first, 
if this size is important for the purpose of the distribution, but if greater 
interest or importance is attached to the smaller cases, these will be shown 
first.

The Frequency Distribution.—When a large number of variate values 
are to be presented, as, for example, the incomes of all families in New 
York City, a condensation of the data may be advisable. A condensed 
presentation of data is obtained by use of the frequency distribution. 
The nature and use of the frequency distribution will be discussed in the 
following pages.

Nature of the Frequency Distribution.—If one should read through 
an array of the family incomes in New York City, would he be able to 
tell whether many earned large, medium, or small incomes? The

1 Varying sizes are called “ variate values” in sta tistical terminology, bu t only 
variables have variate  values. A variable is anything which can be quantita tively  
m easured, and  the m easurem ents of a variable are its  varia te  values. Thus, income 
is a variable; income can be and  usually is quantita tively  measured, and  the quantities 
of income are usually sta ted  in num erical ra ther than  in general term s. Likewise 
wages, sales, and  population are all variables, and each is commonly m easured in 
numerical terms.

On the o ther hand, some qualities are no t variables for they  cannot be quanti
ta tively  measured. Religion is no t a  variable; neither is sex; nor is nationality. 
While i t  is to  be recognized th a t  these qualities or a ttrib u tes  vary in different persons, 
they  do no t m eet the  tes t of a  variable in sta tistical language, for we cannot measure 
them  in any  o ther term s th an  kind (rather th an  degree) of variation.

Occasionally a quan tita tive  m easurem ent is arb itrarily  used in describing a 
quality  th a t is no t essentially capable of direct m easurem ent. To illustrate, knowl
edge ordinarily is no t a  variable according to  s tric t statistical term inology for we do 
no t commonly th ink  of numerical quantities of knowledge. B ut if we apply a 
system  of num erical m easurem ent to  th is quality, such as a percentage grading sys
tem , it then  becomes a variable and the numerical m easurem ents used in describing 
i t  are its varying or varia te  values.
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largest income might be noticed and the smallest also might be observed. 
But, if one were to attem pt to obtain from an array the significance of 
the distribution of the numerous cases between the largest and the 
smallest, he would find it difficult to get a clear idea of the incomes by 
reading through the details. In other words, from a mere reading of the 
data in an array, one would have difficulty in determining how many

S M I T H  M O TOR CAR COM PANY 
S a l e s  o f  A u t o m o b il e s  b y  A m o u n t s  o f  I n v o ic e s  

Week ended Septem ber 17, 1938

Invoice No.
'

N ame Am ount

910 R. L. Owens $3,050.00
899 B. L. Sm ith 3 ,020 .00
896 T. W. Evans 2 ,750.50
891 K. C. W right 2 ,750.00
893 D. D. Griffin 2 ,750 .00
908 G. H. Benson 2 ,500 .00
892 P. L. Barber 2 ,450 .00
903 W. W. Wheeler 2 ,375.00
895 E. S. Fisher 2 ,000.00
904 C. S. Bradford 1,875.50
907 R. S. Craig 1,800.00
909 B. I. Singer 1,800.00
894 T. W. Stone 1,750.00
897 H. K. Little 1,750.00
902 G. P. Fisk 1,750.00
905 F. H. W hite 1 ,750.00
898 T. F. T rue 1,725.00
911 A. L. T hrift 1 ,500.00
906 E. W. Hill 1 ,500.00
900 W. A. Lyons 1,475.00
901 L. M. Parker 1 ,450.00

T otal $43,771.00

E x h i b i t  63.— An array  according to am ount of invoice.

received approximately $1 ,0 0 0 , or how many received approximately 
$2 ,0 0 0 , as compared with other significant amounts.

To grasp the significance of a large number of varying values, these 
values must be grouped. When they are grouped into size classes and 
these classes are arranged in the order of magnitude, the result is a 
frequency distribution. The grouping into size classes may be obtained 
(1 ) by showing the number of times each size occurs, or (2 ) by showing 
the number of times sizes occur within size intervals. Stated in another 
way, one type of frequency distribution shows the frequency of occur
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rence of given sizes, while the other type shows the frequency of occur
rence of sizes within certain class intervals.

To illustrate the first method, let us suppose that it is desired to 
obtain a frequency distribution of family incomes in New York City 
from the data previously suggested. We might present the incomes 
by classes of income, each class being a size of income found in the data. 
Opposite each class we would then list the number of times that particular 
size of income is found. For example, in the $2,000 class of income we 
might find 50,000 families receiving exactly that income. If the next 
highest income is $2,001 and 450 families are found receiving exactly that 
income, these amounts would be presented respectively as the next class 
and the frequency of occurrence for the class. Then, if it is found that 
the next highest family income is exactly $2 ,0 0 2  and 700 families are 
receiving that income, the class $2 ,0 0 2 , and the frequency, 700, would be 
shown. In other words, by this method the number of times a given 
size occurs (that is, the frequency of sizes) is presented. In the ordinary 
tabular presentation, the sizes of the variable will be listed from the 
largest to the smallest, or vice versa, in a column on the left of the page; 
and the frequency of occurrence of each varying value will be listed in an 
adjacent column to the right. Where there are many varying sizes, the 
number of classes under this method will be too large to give a clear 
picture of the whole.

By the second method mentioned above, a further condensing may be 
obtained, for by this plan certain value limits are determined upon, and 
all sizes found within the interval between these value limits are listed 
as the frequencies of occurrence. Thus, in showing family incomes class 
limits of $1,500 and $2,000 might be taken, and the number of families 
found to have incomes within these limits would be shown as the fre
quency of occurrence for this class. The same thing would be done for 
the class, $2,000 to $2,500, and so on.

Non-continuous and Continuous Series.—To understand when to 
group the cases according to each individual value and when to group 
them according to an interval or class of values, we must recognize two 
types of varying values. The measurements for some variables are 
expressed in units which must necessarily differ from each other by 
definite equal amounts, while in other series it is possible for the varying 
sizes to differ from each other by infinitesimally small amounts. The 
former type of data—namely, where the varying values differ from each 
other by definite equal amounts—is known as a non-continuous1 series.

la tter type—namely, where the varying values occur in sizes which

1 Non-continuous series are also called “ discrete” or “ broken” series.
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differ from each other by infinitesimal amounts—is known as a con
tinuous series.

T H E  PA RIS STORE 
S i z e s  o p  M e n ’s  S h o e s  S o l d  i n  1937

N um ber
Size of pairs

44 .............................................................. 5
5 ................................................................ 10
54 .............................................................. 20
 6   25
65 .............................................................  75
 7   150
7 k .............................................................. 300
 8   475
84 .............................................................. 410
 9   375
94.............................................................. 220

1 0   125
104.............................................................. 75
1 1   20

114.............................................................  '">
12................................................................ .......5

T o ta l............................................. 2,305
E x h i b i t  6 4 .— Frequency distribution according to individual sizes. (Non-continuous

series.) (Data adapted.)

NUMBER 
OF PAIRS

THE PARIS STORE 
DISTRIBUTION OF SALES OF MEN’S 

SHOES BY SIZES-1 9 3 7
500

300

100 1
■ I

. . ■ ■ I _ I ! _ B_. ... ...
4 4'/, 5 5)4 6 6)4 IVi 5 S'/i 

SIZES
9V, 10 10(4 II H>4 12 12 >4 13

E x h ib it  65.— D ata  of Exhibit 64 presented as a frequency bar chart. (Compare with
E xhibit 66.)

Classification by Each Value or Measurement—Non-continuous 
Series.—A frequency distribution of sizes of men’s shoes sold by The
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Paris Store is presented in tabular form in Exhibit 64 and in graphic 
form in Exhibits 65 and 6 6 .1 This distribution is of a non-continuous 
nature. Although sizes are quoted in half units, the differences between 
these half units is relatively large, for the entire range or spread from the

E x h ib it  66.— D ata  of E xhibit 64 presented as a broken curve or frequency polygon.
(Com pare w ith E xhibit 65.)

smallest to the largest is only from to 1 2 .2 Therefore, in this table 
there are only 16 class sizes and the classification shown is according to 
each size or measurement. This type of frequency distribution is prefer
able in presenting non-continuous data3 when the number of sizes is 
small enough to condense the presentation adequately.

1 Only vertical bars should be used when presenting a frequency distribution in the 
form of a bar chart. The bar chart in E xhibit 65 is read in the same m anner as the 
curve in E xhibit 66. In  a  chart like E xhibit 66, which shows a non-continuous series, 
the p lo tted  points should be connected w ith stra igh t lines. Ideally, the curve for a 
continuous series should be smoothed, b u t in practice, it  is usually shown as points 
connected w ith straigh t lines also.

2 Obviously if th e  spread of sizes were from 1 to  1000, a difference between each 
size quotation  of 4 an integer would be relatively sm all; b u t where the spread is 
from 44 to 12, a  difference of 4 is relatively large.

3 Sometimes there  is difficulty from a practical point of view in determ ining 
whether a series is continuous or non-continuous in nature. N aturally  it  is hard to 
draw a line between these two classes, for it  is difficult to decide when da ta  are not 
sufficiently continuous to be classed as continuous and, conversely, when non-con
tinuous da ta  become too continuous to  be called non-continuous.

In  determ ining the character of data , statisticians consider th a t the natu re  of 
the a ttribu te  measured, and no t the particular sizes of the units found in a given case, 
determines w hether the da ta  are continuous or non-continuous. Thus, the u n it in
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Classification by Class Intervals.—Exhibit 67 presents the form of 
frequency distribution in which the classes are not stated in certain sizes, 
but as intervals within which various sizes may occur.

D i s t r i b u t i o n  o f  E m p l o y e e s  i n  P l a n t  6  b y  W e e k l y  E a r n i n g s  

Week ending July 23, 1938
Weekly

earnings in  Number of
dollars employees

10.00 11 .99................................................  3
12 .00-13 .9  9   6
14 .00-15 .9  9   10
16 .00-17 .9  9   15

18.00-19.9 9   24
2 0 .00 -21 .9  9   42
22.00-23.9 9   75
2 4 .00 -25 .9  9   90

2 6 .00 -27 .9  9  ....79
28 .00 -29 .9  9  ....55
3 0 .00 -31 .9  9  ....36
3 2 .00 -33 .9  9  ....26

34.00-35.9 9   19
36 .00 -37 .9  9   13
3 8 .00 -39 .9  9   9
■10.00 11 .9 9 ................................................. 7

T otal.......................................................  509
E x h i b i t  6 7 .— F r e q u e n c y  d i s t r i b u t i o n  a c c o r d i n g  t o  c l a s s  i n t e r v a l s .

If the actual earnings of the 509 employees in Plant 6 had been shown 
in the form of an array, 509 items would have been listed. If there had

which wages m ay be measured is relatively small and, generally speaking, wages are 
classed as continuous data. Likewise sales, incomes, production, and m any other 
commonly quoted business d a ta  are considered to  be continuous in nature.

In terest rates, however, are non-continuous in nature, as the in terest rates for 
most types of loans are expressed in units varying bu t j  of 1 per cent w ith a to tal 
probable variation of from about 2 per cent to  8 per cent. Therefore, a variation 
of \  of 1 per cent in interest rates is relatively large.

Lastly, i t  will be well to  note th a t in a given case continuous da ta  m ay appear to 
be non-continuous and m ay be treated  as such in determining the form  of frequency 
distribution to be used. Thus, while wages of workers can be expressed to  a fraction 
of a cent and are continuous in nature, in a given factory wages m ay be non-con
tinuous. If a  wage scale w ith relatively wide steps or gradations has been adopted in 
a given factory, the wages of workers in th is instance will be non-continuous. How
ever, it is to be noted th a t the wage scale m ust have relatively large steps between 
different wage rates if i t  is to be classed as non-continuous. In  m any factories, the 
wage scale has relatively small variations and does not result in a non-continuous 
series.
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been listed each weekly wage amount and the number of employees who 
received that weekly wage, a frequency distribution showing somewhat 
less than 509 classes would have resulted (assuming that some of the 
workers received exactly the same weekly wage). By grouping the 
employees by classes of earnings, as shown in Exhibit 67, the 509 items 
are collected into 16 classes, and a condensed picture of the whole distri
bution in Plant 6  is obtained.

The Range—Class Intervals—Class Limits—Mid-points.—There are 
several terms which should be thoroughly understood in studying fre

quency distributions. The nature of the range may already be familiar; 
it is the difference between the smallest and the largest case. The range 
within a class or group of items, however, is called the class interval—that 
is, it is the interval between the smallest and the largest possible cases in a 
given class. The smallest and the largest possible cases within a given 
class are the class limits—that is, they are the dividing points between 
classes. The point mid-way between the class limits is called the 
mid-point.

In the frequency distribution presented in the table of Exhibit 67 
and in the chart of Exhibit 6 8 , the range is from $10.00 up to (but not 
including) $42.00, or it is $32,00. Perhaps the actual range of "wage
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earnings in Plant 6 was not exactly $32.00, because there may have been 
no one earning as low as $10 .0 0  nor may there have been any worker 
receiving as high as $41.99 per week. However, the range of the frequency 
distribution which includes these class limits is $32.00.

The class intervals in Exhibits 67 and 68 are $2.00 between the class 
limits of $10.00, $12.00, $14.00, etc. A difficulty arises in stating class 
limits because in reality one class begins an infinitesimal amount above 
where the next lower class ends. Therefore, when class limits are stated 
as $10.00 and $11.99, it must be realized that the upper limit ($11.99) 
means up to $1 2 .0 0 , and $12 .0 0  is included in the next higher class ($12 .0 0  

to $13.99). In business statistics, it is sometimes both practical and 
adequate to express the classes in terms of the simpler limits, namely 
$10.00 to $12.00, $12.00 to $14.00, etc. The dividing points must be 
clearly kept in mind, however, and a consistent viewpoint must be 
maintained in classifying the data. Such a statement of the limits is 
taken to mean from and including $1 0 .0 0 , up to but not including $1 2 .0 0 , 
etc. The exact meaning of such a statement of the limits must be clearly 
understood because it is essential to keep in mind the classes as they 
actually exist.

The mid-points of the above classes are $11.00, $13.00, etc. A mid
point is a point located equidistant from the limits of the class in which 
it is situated. In determining the mid-point of a class, we must recognize 
that there is in reality but one dividing point between classes. Therefore, 
the mid-point is found by adding together the class limits and dividing 
the sum by two. For example, we add $10.00 and $12.00 together and 
divide by two to get the mid-point $11.00, just mentioned. Although 
the limits are expressed as $10.00 to $11.99, we find the mid-point by 
considering the $11.99 as $12.00, as the expression $11.99 represents the 
point as infinitely near $12 .0 0  as it is practicable to measure it.

Determining the Class Interval.—There are four main considerations 
in determining the size and location of the class interval. These are:

1 . The range.
2. The number of classes.
3. The position of the class limits.
4. The representativeness of the class mid-point.
The range of the data and the number of classes tend to determine 

the size of the class interval. Although there are important exceptions, 
it is generally considered that a frequency distribution should not have 
more than 25 classes, nor should there be less than 10. The reason for 
this is that more than 25 classes results in an unwieldy table, while less 
than 10 usually will not show the distribution in sufficient detail. The 
size of the class interval can be obtained by dividing the number of 
classes into the range. Thus, where the range is large the class interval
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will tend to be large, and where the range is small the class interval will 
tend to be small.

I t  is well to have the class division points expressed in round numbers 
when convenient, such as in multiples of 5, 10, 50, 100, 500, or similar 
numbers which are easily comprehended. When fractions are used it is 
preferable to state them as decimals in multiples of .05, .10, .25, etc. 
Also, the class limits should be located so that there is a tendency toward 
a balanced distribution of cases within each class. Thus, if the earnings 
represented by Exhibit 67 happen to be for the most part near the lower 
limit of each class throughout the entire distribution, then the class 
interval shown has not been well chosen.

The mid-point of the class is important because it is sometimes taken 
to represent the entire class to which it belongs. When cases are grouped 
within given class limits, the exact sizes of these cases are not given. All 
that is shown concerning the sizes of the cases falling in a given class 
interval is that there is a certain number of cases which may vary in size 
between the class limits. When it is necessary to use one figure instead 
of the class interval, the mid-point of the class is taken as the value of 
all cases within the interval. 1 For this reason, the class interval should 
be chosen so that on the whole the mid-point will be reasonably repre
sentative of the values which actually fall within the class limits.

I t will be seen that the problems of choosing the proper size and of 
locating the position of the class interval are interdependent. The size 
of the interval is dependent upon the range and the number of classes, 
and yet it is also dependent upon obtaining the desired position of 
class limits and of the class mid-point. The weight to be given to each 
of these factors will naturally depend upon the purpose of the frequency 
distribution and upon the uses for which it is being prepared.

Smoothing a Frequency Curve.—In order to explain further the nature 
of a frequency distribution of a continuous series, some of the more impor
tan t points involved in smoothing a frequency curve will be discussed.

When smoothing a frequency curve of a continuous series, care should 
be taken to keep the area under the curve the same as if a column dia
gram (Part A, Exhibit 69), or a broken curve or frequency polygon 
(Part B, Exhibit 69), were constructed. In the diagram of Part A, 
the total area of the columns represents the magnitude of the total number 
of observations, and a part of this area represents the magnitude of a 
certain part of the observations. For instance, if two spaces on the 
horizontal scale represent $1 0 , and two spaces on the vertical represent

1 In Chap. V III, m ethods of analyzing and condensing frequency distributions will 
be considered and the im portance of having m id-points expressed in am ounts which 
are easy to  use in fu rther analysis will become evident.
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100 occurrences, 100 X $10, or $1,000, is the value of the occurrences 
represented by an area of four spaces. The total area under the curve 
in Part B  of Exhibit 69 is the same as the area under the column tops in 
Part A. This is illustrated by Part C, which shows that the areas cut

off of the columns when a broken curve 
is drawn are the same as the areas 
added by the curve to the adjoining 
columns. Nevertheless, while the total 
area is correct in both A  and B, the area 
over any one class is not correct for a 
continuous series in the frequency 
polygon of Part B. For instance, the 
middle class has lost without gaining 
anything (see Part C). This must be 
considered when smoothing the curve, 
and usually the best method is to draw 
the curve so that the areas gained and 
lost by each column will be equal (see 
Exhibit 70).1 Thus, the top of the 
curve should slightly overtop the 
highest plotted point, as in Exhibit 70.

In actual practice, the column dia
gram is not ordinarily drawn in as a 
basis for drawing the smoothed curve, 
but the proper allowances are made by 
keeping in mind the principles of the 
area distribution as above described. 
The smoothed curve then represents 
the normal tendency or approximate 
nature of the distribution indicated by 
the plotted points of the sample, and it 
is ordinarily desirable to have the 
smoothed curve overtop the highest 
point to represent the probable dis
tribution of the cases within the class 
of highest frequency. The purpose of 
smoothing a curve such as that of 

Exhibit 6 8  is to indicate the normal tendency within the distribution, 
and within each class, using the particular data as a sample, and

c
E x h i b i t  6 9 .— T h e  r e l a t i o n  b e t w e e n  a  
c o l u m n  d i a g r a m  a n d  a  b r o k e n  c u r v e .

1 N ote th a t  th e  area cu t off of a column and  the area added to  compensate are 
shaded in a m anner to  indicate th e  com pensating relation in P a rt C, E xhibit 69, 
and in Exhibit 70.
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this tendency will be misstated unless the curve overtops the point 
of highest frequency as illustrated. That is, the data plotted are 
only a sample, but the smoothed curve is designed to indicate the nature 
of what the distribution of the universe would be if all of the values 
were plotted instead of a sample grouped by classes. Such a curve is 
sometimes confusing, but it will cause no difficulty if it is clearly appreci
ated that it represents the type or form of the distribution indicated by 
the sample rather than the actual values in the sample by classes. When 
a curve is smoothed from a sample in this manner, the points representing 
the actual values in the sample ordinarily should be indicated on the chart.

If the series begins and ends with an infinitely small number of occur
rences, the curve should begin and end on the zero line as illustrated in 
Exhibit 70.

Ideal conditions are probably never found in analyzing business 
frequency distributions. Very often one has only partial data from which 
to study the tendencies of the distribution. I t must be remembered, 
however, that business data are full of actual irregularities, and that 
smoothing must not obscure any except the minor irregularities which 
are not thought really to exist. If an irregularity is such that it would 
not be eliminated by further sampling, it should not be smoothed out. 
If smoothing is freely indulged in, it is well to indicate the points from 
which the curve is made (see Exhibit 71).1

1 T he principle of sm oothing illustrated  in  E xhibit 71 should no t be confused w ith 
th a t illustrated  in E xhibit 70. In  Exhibit 71, th e  object is to  show the tendency 
indicated by  th e  irregular data , and the low frequencies for the class in terval 45 to  50 
and 55 to  60 would prevent the curve from overtopping the highest point a t  the 50 to
55 class interval.
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Absolute rules cannot be laid down for smoothing frequency curves, 
for each problem must be considered according to the representative 
character of the data, and the curve should be plotted which will best

DISTRIBUTION OF WEIGHTS OF LOADS CARRIED 
BY WORKMEN IN PLANT 6

MONTH OF JANUARY 1938

„  10-15 15-20 20-25 25-3030-35 3540404545-50 50-555560 6065 6570 70-75 7580 80-858590 90 9595100 
W EIGHTS Or LOADS IN POUNDS

E x h i b i t  71.— Indicating tendency by freely sm oothing curve. (On this type of chart 
it is im portan t to indicate the  plotted points.)

suit the purpose for which the graph is made. The principles just dis
cussed, however, are fundamental, and a thorough understanding of them 
is of great value in analyzing and interpreting frequency distributions.

Fundamental Types of Frequency 
Distributions.—In general, fre
quency distributions may be classi
fied under four fundamental simple 
types—namely, the symmetrical 
(Part A, Exhibit 72), the moderately 
asymmetrical (B), the J-shaped (C), 
and the rarely occurring U-shaped 
(D). While the “ bell-shaped curve” 
is known as the normal frequency 
curve, business data more commonly 
describe forms similar to Parts B 
and C, Exhibit 72. An appreciation 
of the fundamental nature of the 

normal frequency curve, however, is very important to an understanding 
of the problem of sampling, and the subject will be discussed at some 
length in a later chapter. The form illustrated by Part C is very com
monly found when studying such distributions as sizes of stores, sizes

A B

E x h i b i t  72.— Fundam ental types of fre
quency distributions.
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of towns and cities, and the like, where the general tendency is th a t the 
greatest frequencies are in the small sizes and the lowest frequencies are 
in the large sizes. 1

Uniform and Non-uniform Class Intervals.—In the type of frequency 
distribution just discussed—namely, where class intervals are shown— 
each class interval ordinarily should have the same class range as the 
other intervals in the distribution. But there are exceptional cases 
where this rule may not be a practical one, as in certain population or 
income distributions.

Where a uniform class interval would result in the placing of nearly 
all cases in a few groups and a scattering of a few remaining cases among 
the remaining intervals, it is often permissible to adopt class intervals of 
varying sizes. Thus, although the range of incomes that will be found in 
any large city is very great, it is probable that 98 per cent of the cases will 
fall within a very small range and, in certain instances, the class intervals 
within this small range should be much smaller than those outside of it. 
Occasionally, the rule of equal class intervals is not a practical one, for 
other reasons. For example, in a marketing survey it may be advisable 
to classify consumers according to unequal class intervals of income. 
The income interval from $1,750 to $2,000 may be just as important a 
range as the interval between $4,000 and $5,000, because a dollar 
means more to the consumers in the first group than to those in the 
second. A person in the first group will probably try  as hard to save 
$1 as one in the second group will try  to save $4. Therefore, the class 
intervals, $1,750 to $2,000 and $4,000 to $5,000, may actually be about 
equal from the standpoint of the consumer’s desire to save.

However, as we shall see in the following chapters, where further 
analyses of the distribution are to be made, it may be advisable to have 
all intervals of the same numerical size. The reason for this is that it is 
difficult to compare accurately the cases presented in a class interval of 
one size with the cases presented in a class interval of a different size.

Classes must not be omitted within the range of the entire distribution. 
Even though no cases occur with a given class value or within a given 
class interval, the class or the class interval must be shown if it is within 
the range. In  Exhibit 64, for example, if there had been no shoes sold 
of size 5§, this size should, nevertheless, be shown and the number of 
pairs, or frequency, should be shown as zero. Also in Exhibit 67, if 
there had been any class interval within the range in which no actual 
earnings were found, this class interval should be shown and the number 
of employees should also be shown as zero. An illustration of this 
practice will be found in Chapter VIII, Exhibit 85, page 165.

1 See G. U. Yule and M. G. Kendall, “ An Introduction  to the Theory of S tatistics,” 
Chap. 6, pp. 82-111, Charles Griffin & Company, London, 1937.
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Sometimes the class interval at either extreme of the table is stated 
in indefinite terms. Thus, in Exhibit 67, the lowest class might have 
been stated as “ under $12,” and the highest class as “ $40 and over.” 
Such a table is called an open-end table, and usually should be avoided 
where possible. I t  will be obvious that unless definite limits are given 
to all class intervals, no mid-point value can be obtained and, therefore, 
no representative size can be assumed for the cases falling within the 
unlimited intervals.

Comparison of Classification by Each Value and Classification by 
Class Intervals of Values.—I t  will be noted that in Exhibit 64 none of the 
details of the data on sizes1 of men’s shoes sold in 1937 by The Paris 
Store have been lost by our frequency distribution form of presentation. 
In other words, where data can be presented in a frequency distribution 
with classes in terms of the individual values, the value of each and every 
case is presented. However, where a class interval is the basis of the 
classification, as in Exhibit 67, the values of the individual cases repre
sented in the frequency distribution are not shown. Thus, it may be 
said that by the method of Exhibit 64 none of the characteristics of the 
original data are lost, but by Exhibit 67 only an approximation of the 
original data is shown.

I t  is not to be considered that either method is always the better; the 
former should be used for a distribution of non-continuous series with a 
small number of sizes, and the latter method should be used for con
tinuous series and for non-continuous series with a large number of 
sizes. A presentation of non-continuous series in a frequency distribu
tion having class intervals is to be avoided when the number of size 
variations is small, for it is difficult to arrange the class intervals so that 
there is a balanced distribution of cases within each interval, and so 
that the mid-point of the class interval is representative of the non-con- 
tinuous series.

Cumulative Frequency Distribution.—Up to this point, only simple 
frequency distributions have been considered, such as the series presented 
in Exhibit 67, page 138, which is repeated in the first column of data 
in the table of Exhibit 73. In addition to the simple frequency dis
tribution, it is often desirable to present series in the cumulative forms 
shown in the last two columns of the table in Exhibit 73. Frequency 
series are made cumulative when successive frequencies are added 
together so that each class includes all the lower or upper classes, depend
ing upon the end of the range from which the cumulative process begins. 
Curves of the last two columns in Exhibit 73 are presented in Exhibits

1 The sizes of shoes given in E xhibit 64 do no t consider variations in w idth within 
each size.
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74 and 75. A cumulative frequency curve is often referred to as an 
“ ogive” or “ S-curve.”

A decision as to which end shall be the starting point of the cumulating 
process depends upon the purpose of the data. If cumulating proceeds 
from the lesser to the greater, the corresponding frequencies are read 
“ less th an ” as in the next to the last column in Exhibit 73 and in the

D i s t r i b u t i o n  o f  E m p l o y e e s  i n  P l a n t  6  b y  W e e k l y  E a r n i n g s  

Week ending Ju ly  23, 1938 
Cum ulative frequencies

Weekly 
earnings in 

dollars

N um ber of employees

Simple
frequency

Cumulative 

Less than*

frequency

More than*

10.00-11.99 3 3 509
12.00-13.99 6 9 506
14.00-15.99 10 19 500
16.00-17.99 15 34 490

18.00-19.99 24 58 475
20.00-21.99 42 100 451
22.00-23.99 75 175 409
24.00-25.99 90 265 334

26 .00-27.99 79 344 244
28.00-29.99 55 399 165
30 .00-31.99 36 435 110
32 .00-33.99 26 461 74

34 .00-35.99 19 480 48
36.00-37.99 13 493 29
38.00-39.99 9 502 16
4 0 .0 0 ^ 1 .9 9 7 509 7

• * In  th is  tab le , “ Less th a n ” applies to  and includes the  upper lim it of the  class, while " M ore th a n "  
applies to  and includes th e  lower lim it.
E x h ib it  73.— The d a ta  of Exhibit 67 cum ulated on both “ Less th a n ” and “ More th a n ”

bases.

graph in Exhibit 74. If it proceeds from the greater to the lesser, the fre
quencies are read “ more th an ” as in the last column of Exhibit 73 and 
in the graph in Exhibit 75. In a table like the one in Exhibit 73, when 
cumulations are read “ less th an ” they refer to the upper limits of the 
classes and when they are read “ more th an ” they refer to the lower 
limits. I t  should be noted also that the class limits are included when 
intervals are used such as those in Exhibit 73 (see footnote to the table).
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Referring to the charts in Exhibits 74 and 75, it will be noted that a 
curve of the “ less th an ” form extends from the lower left to the upper

no. or
EMPLOYEES

DISTRIBUTION OF EMPLOYEES IN PLANT 6 
BY WEEKLY EARNINGS

W EEK ENDING JU LY  23, 1938
600

less .92 14 15 13 20 22 24 26 28 30 32 34 36 38 40 4 d
EARNINGS IN DOLLARS PER WEEK

E x h ib it  74.— D ata  of E xhibit 73 presented as a cum ulative curve on a “ less th a n ” 
basis. (Compare with Exhibit 68, which shows the same da ta  presented as a simple 
frequency curve, and with E xhibit 75, which shows the same da ta  as a more th an  curve.)

of E xhibit 74.

right, and that a “ more th an ” curve extends from the upper left to the 
lower right. In either case as the curve approaches the vertical, rela
tively higher frequencies are represented.
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I his form of distribution is used in special cases as, for instance, where 
serial bonds have been issued which are secured by equipment, and it is 
desired to show how much of the equipment will be in use a t each m atur
ity  date of the bonds. Thus, by this form of table, the remaining security 
can be compared with the remaining bonds. In other words, this table 
would show the value of the equipment which lasted one year or longer, 
two years or longer, three years or longer, four years or longer, etc.

D i s t r i b u t i o n  o f  M a l e  E m p l o y e e s  i n  P l a n t s  2  a n d  3  b y  A g e s  

Week ending Ju ly  9, 1938

Age to 
nearest 

year

P lan t 2 P lan t 3

N um ber Per cent Number Per cent

15 17 0.1 0 0
10 120 1.0 0 0
17 426 3 .4 0 0
18 763 6 .2 0 0
19 1,020 8.3 0 0
20 1,380 11.2 7 .2
21 1,500 12.2 83 2.1
22 1,410 11.4 167 4 .3
23 1,139 9.2 278 7.3
24 980 7.9 302 7 .9
25 860 7.0 421 11.0
26 719 5 .8 562 14.7
27 600 4.9 607 15.9
28 516 4 .2 411 10.7
29 380 3.1 301 7.9
30 231 1.9 243 6 .3
31 106 .9 199 5.2
32 72 .6 149 3 .9
33 61 .5 70 1.8
34 26 .2 26 .7
35 0 0 2 .1

Total 12,326 100.0 3,828 100.0

E x h ib it  76.— Percentage distributions of frequency series. (See Exhibits 77 and 78 for
charts of above data.)

Comparing Frequency Distributions—Percentage Tables and Charts.
Frequency distributions may be compared on the basis of numbers, as 
illustrated in Exhibit 77. I t  will be noted in this chart, however, that 
the differences in the altitudes of the curves interfere with the com
parisons of the distributions. Hence, it is often advisable to place the 
large and small groups on an equal basis by reducing the frequencies to 
percentages, as shown in Exhibit 76. These percentages are shown
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AGE IN YEARS
NOTE - AGES GIVEN TO NEAREST YEAR

HUNDREOS
OF

EMPI nvrr*

DISTRIBUTION OF MALE EMPLOYEES 
IN PLANTS 2  AND 3  BY AGES 

W EEK  ENDING JU L Y  9, 1938

E x h ib it  77.— Comparison of frequency d istributions on a num ber basis. (D ata  from 
E xhibit 76.) (Compare w ith E xhibit 78.)

E x h ib it  78.— Comparison of frequency distributions on a percentage basis. (D ata  from 
Exhibit 76.) (Compare with Exhibit 77.)
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graphically in Exhibit 78. In these Exhibits (76 and 78), the total 
number of employees in each plant is taken as 10 0  per cent and the 
percentage for each class represents the proportion the corresponding 
number is of the total.

In analyzing the curves in Exhibit 77, it would be easy to assume that 
the proportion of employees of 21 years of age in Plant 2 is greater than 
the proportion in Plant 3 that are 27 years of age. That the opposite is 
true, however, is shown directly and accurately by the percentage curves 
in Exhibit 78.

SEPT . 15 1934

< *
JULY 1 9 3 3 /

DISTRIBUTION OF HOURS PER WEEK IN THE 
BOOT AND SHOE MANUFACTURING INDUSTRY 

JULY 1933 AND SEPTEM BER 1934

E x h ib it  79.— Comparison of percentage cum ulative frequency ourves.

When cumulative curves are being compared, better results can 
be obtained in many instances if the frequencies are reduced to per
centages, since proportional size changes of the frequencies and the regu
larity of the distribution can be appreciated more readily. The change 
in the proportions of employees working designated lengths of weeks 
in the boot and shoe manufacturing industry from July 1933 to September 
1934 is clearly shown by the percentage cumulative frequency curves 
presented in Exhibit 79. The dots on the chart show the actual fre
quencies and the curves are smoothed to show tendencies.

Summary of Distributions According to Size.—It has been shown that 
statistical distributions setting forth varying sizes are of two general 
types—(1) the array, and (2) the frequency distribution. The array 
shows the numerical value of every case, even though some of the values
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may be repeated; it presents these values in an orderly arrangement 
proceeding from the smallest to the largest, or from the largest to the 
smallest. The frequency distribution classifies the varying sizes accord
ing to the number of times a given measurement occurs, or according 
to the number of times measurements are found within certain class 
limits. A third type of frequency distribution is sometimes used, namely 
one in which the cumulative frequencies, that is, the accumulated totals 
of the frequencies, are presented.

There remain to be considered statistical distributions according to 
location, called geographical distributions, and statistical distributions 
according to time of occurrence.

Geographical Distributions.—In such problems as analyzing markets, 
appraising real estate, and determining locations for stores, banks, or 
factories, it is important to consider the distribution of many factors 
throughout the areas under consideration. Such distributions are 
ordinarily referred to as “ geographical distributions. ” 1 Sales of com
modities are often analyzed according to states, counties, cities, or parts 
of a city. Any one of these geographical distributions of sales is often 
useful in considering such problems as the location of branches or ware
houses. Such studies are also of great value in measuring the relative 
efficiency of different divisions of the sales department. Such geograph
ical distributions as those showing vacancies in residential structures are 
of practical interest to landlords, tenants, realtors, construction compa
nies, lumber companies, grocers, furniture retailers, investors, and count
less other business men whose profits are directly or indirectly affected by 
such situations.

Numbers or Sizes for Particular Areas.—One of the simplest kinds of 
geographical distributions is that in which simple numbers or sizes are 
considered in relation to certain specific areas. Such a distribution is 
illustrated in Exhibits 80 and 81, which show the number of automobiles 
for each state in the United States on January 1, 1930. The purpose of 
this particular type of map is simply to show numbers for the particular 
areas.

In Exhibit 80, the area of each dot is proportional to the number 
represented. This practice is commonly followed, but the numbers are 
not so easily read as in Exhibit 81, in which the dots are uniform in 
size and the numbers of automobiles are represented by placing the proper 
number of dots in each state. In this map the dots are carefully lined 
up and evenly spaced, which makes it easy to determine the approximate 
number of cars in each state. The purpose of the maps in Exhibits 80 
and 81 is simply to show numbers for the particular areas; such maps

1 Geographical distributions are also referred to  as “ spatial d istributions.”
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DISTRIBUTION OF AUTOMOBILES IN 
THE UNITED STATES-1930

JANUARY I

0  800.000 CARS 
•  400 .000  CARS

AREA Or DOT PROPORTIONAL 
TO NUMBER OF CARS

E x h ib it  80.— Use of circular areas in showing geographical distribution  of num bers or 
sizes. (Compare with Exhibit 81.)

th a t of E xhibit 80. In  th is type of m ap, the  p rim ary  purpose is to show num bers or sizes 
for p a rticu lar areas. (Such a presentation  should no t be confused w ith E xh ib it 82 where 
the  prim ary purpose is to show density  ra th e r than  num bers or sizes.)
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should not be confused with Exhibit 82, where the primary purpose is to 
show density rather than size.

Densities.—If the problem is to study densities rather than numbers 
(or sizes), the data may be presented as in Exhibit 82. Ordinarily, in 
studying geographical distributions, the densities are more important than 
the numbers. The important questions are: Where are the points show
ing a high degree of concentration? or, Where are the sparse distributions? 
Numbers are not well shown by the type of map illustrated in Exhibit 82, 
but the relative densities are clearly indicated. In making such a map 
the value should be assigned to the dot that will best fit in between the

extremes—that is, the value should not be so small that there would not 
be room for the dots in concentrated areas (they may run together 
but there should not be more than one layer), and yet the unit should not 
be so large that important data in the sparse areas would be incorrectly 
represented or omitted. On a density map, the dots should be spread 
evenly over the unit of area and care should be taken to see that they are 
uniform in size. Since the areas of the states on the map are proportional 
to the actual areas, the dots are automatically distributed on a square- 
mile basis if they are spread evenly over each state. Density maps, like 
Exhibit 82, show the average distributions for each state, and do not 
show the concentration at large cities. For many purposes, it is necessary 
to use much smaller units of areas, such as counties, in a study of the
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United States, or such as townships, towns, and city wards, in making 
local surveys.

Data Distributed Geographically Where Something Other than Area 
Is a Factor.—When a distribution is to be shown where something other 
than area is a factor, such as number of automobiles per thousand of 
population, the density dot map can not be used in the form described. 
One of the best forms for showing such data is the cross-hatched map

DISTRIBUTION OF AUTOMOBILES IN 
THE UNITED STATES-1930

CARS PER THOUSAND OF POPULATION
JANUARY I

V/VA 200-275 
r777 l 125-200 
I I 50-125

E x h ib it  83.— A m ethod of showing the geographical d istribution of the relation between 
two factors. In  th is case, the  relation of cars to population is shown by states.

illustrated in Exhibit 83, which presents the geographical distribution of 
cars in relation to population. The basic situation can be readily 
appreciated from such a presentation . 1

Historical Distributions.—The fourth basis of classification is that in 
which time of occurrence determines the classes. In business statistics, 
distributions of data upon this basis are very common. Many business

1 I t  will be noted  th a t  the shading on th is m ap varies by  25 per cent from one 
class to another. T h a t is, the  bottom  shade is 0 per cent black, th e  second 25, 
the th ird  50, the fourth  75, and  the top  is 100 per cent black. W hen only five shades 
are used, th is simple m ethod m akes them  easily distinguishable. Ideally, 100 per 
cent black would represent the saturation  point. In  th is m ap it  is used merely to 
represent th e  highest class.
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facts that can be quantitatively stated are fully understood only when 
compared with conditions in other parts of the period under considera
tion. The number of automobiles produced in the United States during 
a certain month may have but little significance unless we know the 
production in other months.

Statistical distributions in which time of occurrence is the basis of 
classification are known as historical distributions. Thus, a historical 
distribution presents the total or aggregate cases occurring within a 
given -period of time according to subperiods of time (Exhibit 84).

DISTRIBUTION OF NEW CONSTRUCTION 
BY MONTHS DURING THE SIX-YEAR PERIOD, 1932-1937

AS SHOWN BY CONTRACTS AWARDED IN 3 7  STATES
MILLIONS 

OF DOLLARS

SO U RC E:F .W . DODGE CORPORATION

E x h ib it  84.— A historical d istribution of the  to ta l construction contracts reported for a  
given area during a certain period.

Some of the most common illustrations of historical distributions are 
found in production and marketing statistics. Thus, automobile produc
tion by months for the year 1938 would be a historical distribution; like
wise, sales of automobiles by months for the year 1938 would be the same 
kind of a distribution.

All presentations of facts according to time of occurrence are not 
historical distributions, however. In the first place, to be historical, the 
data must be related to definite dates, such as certain months or years. 
A curve showing the increases in $1.00 at 5 per cent compound interest at
1, 2, 3, 4, and 5 years would not be historical, as it would not represent 
definite dates. In the second place, a distribution involves the subdivid
ing of an aggregate upon some basis of classification. Many time-series
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facts—that is, facts presented according to the time of occurrence— 
are not shown as a part of a total, and therefore are not historical distribu
tions. For example, if the price of leather a t various dates is presented 
in a table, this is a time-series presentation but not a time-series distribu
tion. The individual prices, in this instance, are not parts of a total 
price; they are merely price observations at the particular dates. In 
later chapters of this book the subject of time series will be considered 
at some length. The present discussion refers to time-series presentations 
only as a basis of classifying the parts of an aggregate.

Questions and Problem s

1. W hat are four common bases of classification?
2. W hat are the two principal types of distribution according to sizes?
3. Define “ a rray ,” “ variate  value,” and  “ variable.”
4. W hen should the array  be used?
6. Describe th e  frequency distribution.
6. Describe frequency distributions which show (a) the num ber of times each 

size occurs, and (6) the num ber of times sizes occur w ithin size intervals.
7. W hat is the  difference between “ continuous” and  “ non-continuous” series?
8. Are wages continuous or non-continuous da ta?  Wage rates? Earnings?
9. Define or explain: “ range,” “ class in terval,” “ class lim its,” “ m id-point.”

10. W hat are four im portan t considerations in determ ining the class interval?
11. How does th e  range affect the size of the class interval?
12. In to  how m any classes should a range usually be divided in showing a fre

quency distribution?
13. Where should class lim its fall? Class mid-points?
14. How are the frequencies indicated and how are the sizes of classes shown in 

plotting a  frequency distribution curve? (See Exhibits 06, 68, and 71.)
16. W hat procedure should be followed in smoothing a frequency curve?
16. W hat are the fundam ental types of frequency distributions?
17. M ust the class intervals be uniform in size? M ay any be om itted  w ithin the 

range? W hat is an “ open-end” table?
18. W hen should a classification by  individual values be used? W hen should 

class intervals be used?
19. W hat is a “ cum ulative” frequency distribution?
20. W hat is a  “ percentage” frequency distribution? How do percentage distri

butions assist in comparing frequency distributions?
21. W hat is a  “ geographical” distribution?
22. Give a practical example of the use of a geographical distribution.
23. How are geographical distributions presented graphically?
24. W hat is a historical distribution?
25. Are all facts presented according to  tim e of occurrence historical distributions?
26. W hat kinds of charts are used in presenting historical distributions?
27. M ake a ta lly  sheet, a  frequency table, and a frequency graph (see E xhibit 68) 

of the  wage d a ta  on pages 158 and 159. Use a class interval of 12.00. (Age and 
length of service da ta  will be used in Problems 28 and 29.)

Analyze your graph and write a brief report of your analysis.
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A l e x a n d e r  M a n u f a c t u r i n g  C o m p a n y ’s  W e e k l y  P a y  R o l l

Employees’ Ages and Length of Service—January  1, 1938

Nam e
W age

(dollars)
Age

(years)
Service
(years) Nam e

W age
(dollars)

Age
(years)

Service
(years)

F R  Adler 20 25 37 3 .2 29.50 31 6 .4
C. B. A dley............... 25 .00 21 2 .2 F. J. G eyer................ 22.50 35 .1
D  F Allen 25 25 49 2 .5 W. A. G illis............... 27.00 39 4.3

27.25 36 5.1 31.00 44 2 .3
25.50 37 4.3 22.25 26 4 .1
26 00 34 2 .6 20.50 31 1.6
20 25 23 3 .5 N. R. G oodall.......... 22 .00 46 .8
27.50 34 3 .7 23.75 43 1.1

H S B eard. . 25.00 31 5 .2 24.75 37 1.7
J C Blick 22.25 41 1.4 26.75 41 .3

33 75 45 12.9 R. C. H a i t ................. 30 .50 36 1.9
25.25  
24 75

33 1.1 23.00 37 1.7
28 2 .5 36.25 38 7 .2

R H Cary 28.25 41 12.9 34.25 38 10.3
M. S. C ham bers. . . . 25 .00 31 3 .6 G. C. H a r t ................ 27.25 67 3 .9
D. E . C h en y ............. 24.75 30 3 .7 G. M. H arv ey .......... 27.50 24 1.6
T. V. C h u rch ............ 32.50 35 8 .3 L. C. H e n ry .............. 24 .50 41 3 .2
E. F . C lem ent.......... 34.75 30 1.4 J. D. H ey er............... 34.75 34 8 .5

22 50 29 8.7 W. H. H ill................. 31.25 32 7.1
P. R. Cole.................. 19.75 21 5 .4 G. E. H o rn ................ 27.50 41 5 .4

22 25 41 4 .9 39.00 24 1.1
23.00 38 11.2 30.00 28 1.4
20.25
35.00

41 4.3 E. L. Id e .................... 41 .50 35 14.6
R. L. C o n te ............... 37 11.3 0 . D. Inga ll.............. 37.25 35 8 .9
G. W. Coombes. . . . 23.50 45 3 .6 A. A. I rv in ................ 40 .00 33 5 .8

29 75 46 12.7 20.00 79 7.1
24.75 28 2 .8 25.25 57 6 .0

B. A. C ovey ............. 27.25 43 3 .2 E. B. Jam ison .......... 27 .50 56 2 .6
23.00 41 3 .9 C. O. Je lm ................. 26.50 31 4.1
27.50 
30.00 
28 25

31 6 .1 28.25 45 13.3
35 1 .6 22.50 25 7 .2
42 12.3 32.50 51 14.6

29.75 
22.50 
18 50

40 3.1 27.50 42 .4
45 1.2 21.50 52 .4
50 .8 26.50 38 4 .2

39.50
18.75
18.75
23.50 
22.25

24 9 .6 30.75 36 6 .8
18 9 .4 H. G. K a ta ................ 21.25 42 1.7
22 2 .9 I. W. K a tz ................ 24 .50 34 3 .2
20 1.4 34.25 43 6 .3
38 5 .1 22.50 42 13.0

29.75 
25.00 
22 25

44 6 .1 22.50 23 5 .2
23
47

2 .8 24.75 50 2 .6
J A Eleo 3 .3 28.25 44 3 .4

22.75 
33.00 
29 25

41 1.7 A. M. K irk ................ 27.50 42 2 .5
49 2 .2 31.50 43 8 .9
31 3 .8 18.00 17 4.1

34.25
34.75 
24.00
21.25
32.75
40.50
24.75
28.50

51 11.9 22.00 29 1.3
C L Fair 48 2 .6 22.50 34 .2 .8

37
25

2 .1 25.50 37 1.1
3 .7 24.50 53 1.2

41 11.1 27.00 52 13.5
29 3 .4 29.50 47 2 .8

C ^  Fish 25 1.7 22.50 46 1.5
N. J. F lem ing........... 43 2 .3 G. L. Lew is................ 37 .50 32 8 .1
L. W. F o rd ................ 23.00 25 .2 0 . W. Lewis.............. 26.00 24 11.5
D. L. F o s te r............. 32 .50 43 4 .7 F. A. L indsay ........... 24.75 32 6 .4
M. S. F u rb y ............. 27 .50 44 2 .4 F. W. L ocker............ 23 .00 40 3 .8
W. L. F ren c h ........... 22.75 49 .4 C. E. Long................ 22.25 28 2 .6
W. E. G ear............... 26 .75 46 .2 E. J. Louis................. 28.00 41 2.1

A l e x a n d e r  M a n u f a c t u r i n g  C o m p a n y ’s  W e e k l y  P a y  R o l l .— ( Continued)
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Name W age
(dollars)

Age
(years)

Service
(years)

22 .50 35 3 .0
23.00 38 6 .3
27.50 27 2 .6

H . A. M ackey .......... 28 .25 42 1.2
27.50 41 .5

W. E. M ain ............... 22.50 40 .7
W . P. M a n ta ............ 28.75 52 4.9
W . M. M arion ......... 28 .50 57 .1

21.00 62 .7
F . E . M ar tin ............. 22.50 49 1.8

23.25 53 1.9
P. E . M a y ................. 36.00 47 7 .7
C. H . M edde............ 22.50 47 4 .3

24.25 36 3 .2
22.25 45 .7

A. L. M iller............... 22.75 18 .1
T . C. M iller.............. 18.50 21 6 .5
C. H. M itchell......... 23.00 40 .2

24.50 42 8 .5
E. W. M orley ........... 29.25 43 1.2
W. L. M orrow ......... 22.75 27 2 .8
W. R. N ash ............... 26.50 51 1.5
R. G. N eale .............. 24.75 43 3 .2
F. A. N elson............. 26.50 26 1.1
F. J . N ew m an.......... 24.25 32 .9
N. V. N icols............. 28 .00 46 .1

21.25 28 5 .8
0 .  H . N o rm an ......... 23 .50 37 3 .6
G. A. N ylin ............... 23.00 31 1.5
C. H. O akes.............. 22.50 36 1.3
C. F. O den................ 22 .75 40 .4
R. H . O land ............. 26.00 27 .8
A. D . O lds................. 24 .50 23 1.3

24.75 36 1.4
28.00 21 1.6

P . H . O rk in ............... 24.50 34 3 .5
25.75 44 8 .7
22.50 48 4.2
22.50 27 1.9

D. S. P a in te r ............ 24.00 31 1.4
G. A. Pa lm er............ 20.00 40 .3

21.50 52 .5
21.75 56 .7

W. S. P a rk s .............. 25.50 30 1.6
25.00 34 5 .2

M. A. P a t te n ........... 24.50 44 .1
32.75 29 6 .5
30.00 45 1.7

M. F . Pence .............. 41.50 43 6 .5
F . R. P e rk in s ........... 27.25 30 1.4

21.50 25 2 .1
21.00 28 1.4
28.75 35 .9
27.25 40 2 .3

E . H . P o r te r ............. 21.50 43 1 .7
R. A. P r ie s t.............. 25 .50 30 2 .8
J. B . P y e .................... 22.75 43 1.2

27.50 35 2 .6

Nam e W age
(dollars)

Age
(years)

Service
(years)

25.00 45 3 .6
21.50 35 3 .9
24.75 38 7 .0
23.50 47 4 .5
23.25 46 1.2

R. N. R edding......... 24 .50 50 1.1
25.25 47 1.4

D. G. R enn ie ............ 30 .50 41 .9
25.50 21 2 .3

C. P. R icks................ 26.75 24 4 .5
L. D. R ip ley ............. 23 .50 42 1.6
G. W . R obbins......... 24.50 24 2 .4
F. P. R o lfe................ 27.50 30 1 .5
A. J. R om aine ......... 22.50 29 7 .2
P. M. R ose................ 21.25 26 .7
W. F. R o th ............... 21.50 36 .4
C. H . R o y .................. 20 .25 29 1.4

22.00 46 4 .9
22.50 25 2 .6

B. E . R y d er.............. 22.00 19 3 .5
24.50 33 .3
25.75 29 1 .7

G. E . Sam m is........... 27 .50 54 2 .8
22.00 37 1 .0

L. E . S a rg en t............ 23 .50 34 2 .7
R. M. Sax.................. 27.50 23 1.2
R. W. Schell............. 22.00 41 5 .6
G. II. Shuler............. 28.50 45 .1

25.75 27 1.1
28.75 25 1.4

P. L. S tro n g .............. 23.50 31 .7
D. D T a y lo r............ 26.00 47 .9
J. G- T eag le .............. 28.50 26 1.1
W. H. T e rry ............. 21.00 44 1.2

27.75 41 4 .3
R. A. T hom as.......... 22.00 29 1 .4

24.25 35 1 .2
E. R . T ilto n .............. 26.00 44 .1
W. H . T o d d .............. 20.50 39 1 .8

24.00 45 1.5
F. B. T ro tte r ............ 27.50 32 .8

21.50 41 1.7
28.25 36 2.1

S. M. T u ller.............. 20.75 39 .4
E . J. U llery ............... 28.50 36 .2

21.00 40 1 .8
C. W . U rich .............. 29 .00 37 1 .9
W. F . V a len tin e .. .  . 29.00 32 .9

22.00 34 2 .4
J. S. V ance................ 22.00 39 3 .1
R. M. V arley ............ 29.75 37 .1
B. G. V arner............ 25.50 42 2 .5
F. F . V aughn ........... 27.50 47 1.2

19.50 56 1.7
R. S. W addell.......... 21.75 32 .1
J. B. W ade ................ 26.00 39 1.1
A. B. W alk er............ 21.00 35 .9

25.75 37 .7
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28. Make a ta lly  sheet, a frequency table, and  a frequency graph (see E xhibit 68) 
of th e  age da ta  given in  the tab le  in Problem 27. Use a four-year class interval.

Analyze your graph and write a brief report of your analysis.
29. Make a  ta lly  sheet, a  frequency table, and  a frequency graph (see E xhibit 68) 

of the length of service da ta  given in the table in Problem 27.
Analyze your graph and write a brief report of your analysis.
30. The ratios of selling expenses to  to ta l expenses of 108 hardw are stores are 

given below (ratios expressed in percentages):

31 52 43 17 57 44 32 33 42 33 24 43
17 25 11 22 27 19 55 25 26 28 25 22
47 9 32 29 18 45 33 24 37 31 33 22

5 31 26 27 29 22 36 42 26 47 32 39
31 22 36 25 43 19 21 36 24 26 34 28
27 18 36 44 57 42 24 34 27 36 39 37
53 47 33 39 31 27 29 26 38 33 44 25
14 63 16 29 38 37 31 29 34 25 19 22
23 46 17 42 29 24 50 31 39 21 22 24

а. Arrange the da ta  in an array.
б. M ake a ta lly  sheet and a frequency table of the data. Use a class interval 

of 5 per cent.
c. M ake a  frequency graph (see E xhibit 68). Should the curve of this distribution 

be sm oothed? If so, why?
31. T he cost of radio advertising purchased by autom obile m anufacturers from 

the two m ajor broadcasting system s in  the U nited States in the years 1932-1936 is 
given below in thousands of dollars.

Year Jan. Feb. Mar. Apr. M ay June Ju ly Aug. Sept. Oct. Nov. Dec.

1932 232 231 234 261 230 175 137 127 78 58 57 118
1933 176 171 215 126 121 115 128 234 209 261 273 289
1934 268 325 348 338 371 309 188 178 222 544 302 380
1935 408 363 426 342 312 275 232 200 244 721 400 487
1936 754 781 876 742 731 626 492 468 770 1,164 1,031 944

Source: Survey o f Current Business.

M ake a historical distribution of the cost of radio advertising to  automobile 
m anufacturers in the years 1932-1936 (see E xhibit 84).
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32. (Geographical distribution.) M ake a density  m ap (see E xhibit 82) of the 
population data  below:

P o p u l a t i o n  o f  t h e  U n i t e d  S t a t e s — A p r i l  1930 
By States

Rank State Population R ank State Population

1 New York 12,588,066 27 W est Virginia 1,729,205
2 Pennsylvania 9,631,350 28 M aryland 1,631,526
3 Illinois 7,630,654 29 Connecticut 1,606,903
4 Ohio 6,646,697 30 W ashington 1,563,396
5 Texas 5,824,715 31 Florida 1,468,211
6 California 5,677,251 32 N ebraska 1,377,963
7 Michigan 4,842,325 33 Colorado 1,035,791
8 M assachusetts 4,249,614 34 Oregon 953,786
9 New Jersey 4,041,334 35 Maine 797,423

10 Missouri 3,629,367 36 South D akota 692,849
11 Indiana 3,238,503 37 Rhode Island 687,497
12 N orth  Carolina 3,170,276 38 N orth  D akota 680,845
13 Wisconsin 2,939,006 39 M ontana 537,606
14 Georgia 2,908,506 40 U tah 507,847
15 Alabama 2,646,248 41 D istrict of Columbia 486,869
16 Tennessee 2,616,556 42 New Ham pshire 465,293
17 K entucky 2,614,589 43 Idaho 445,032
18 M innesota 2,563,953 44 Arizona 435,573
19 Iowa 2,470,939 45 New Mexico 423,317
20 Virginia 2,421,851 46 Vermont 359,611
21 Oklahoma 2,396,040 47 Delaware 238,380
22 Louisiana 2,101,593 48 Wyoming 225,565
23 Mississippi 2,009,821 49 Nevada 91,058
24 Kansas 1,880,999
25 Arkansas 1,854,482 T otal con tinen tal
26 South Carolina 1,738,765 U nited States 122,775,046
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33. M ake a density m ap of th e  da ta  on autom obile registrations given below (see 
E xhibit 82).

M o t o r  V e h i c l e  R e g is t r a t io n s , 1937

S tate

A labam a........
A rizona..........
A rkansas.........
C alifornia. . . .
C olorado........
C onnecticut..
D elaw are........
F lo rid a ............
G eorgia............
Id a h o ...............
Illinois.............
In d ia n a ............
Io w a.................
K an sas ............
K entucky
L ouisiana........
M aine ..............
M ary land ........
M assachusetts
M ichigan........
M innesota 
Mississippi. . . .
M issouri..........
M o n tan a .........

N um ber of 
cars State Num ber of 

cars

313,359 N eb rask a ............................ 412,726
129,210 N evada................................ 40,655
229,867 New H am pshire................ 125,939

2,484,653 New Jersey ......................... 994,497
337,217 New M exico....................... 118,106
436,564 New Y o rk ........................... 2 ,561,703

63,599 N orth C arolina.................. 525,350
418,145 N orth  D ak o ta ................... 173,188
441,847 O hio...................................... 1 ,876,132
142,110 O klahom a........................... 547,263

1,768,946 O regon................................. 360,348
956,016 Pennsylvania..................... 1,984,821
745,602 Rhode Is lan d ..................... 167,586
586,685 South C aro lina.................. 296,224
404,455 South D ak o ta .................... 184,743
323,498 Tennessee............................ 400,384
200,907 1,552,114
387,410 126,692
846,556 V erm ont.............................. 88,958

1,505,111 V irginia............................... 440,713
822,598 W ashington........................ 535,483
226,286 W est V irginia.................... 290,837
835,895 W isconsin........................... 854,374
173,892 W yom ing......................... 81,837

D istrict of Columbia 184,119

Source: U nited  S tates B ureau of Public Roads.
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34. Present th e  d a ta  on per capita deb t in  each of the 48 sta tes in the form of a 
geographical d istribution by  states (see E xhibit 83).

P e r  C a p i t a  D e b t , S t a t e  G o v e r n m e n t s , 1932

State Dollars S tate Dollars S tate Dollars

A labam a................ 30.90 M aine................... 34 02 1.15
4.74

34.60
7.81

A rizona.................. 8 .34 M ary land .......... 18 99
A rkansas............... 88.16 M assachusetts.. . 14 69
C alifornia.............. 24.67 M ichigan.............. 12.21 P ennsy lvania . . . .
C olorado................ 6 .45 M innesota............ 15.55 Rhode Is la n d .. . . 24.15
C onnecticu t.......... .07 M ississippi........... 17.94 South Carolina. . 44.74
D elaw are............... 8 .63 M issouri............... 28.33 South D akota  .. 22.19
F lo rida ................... .26 M on tana .. . 17 33 35.55

1.75
11.08
26.51

G eorgia.................. 4 .29 Nebraska............... 67
Id a h o ..................... 15.61 N evada ................. 14.89
Illinois.................... 28.58 New H am pshire. 13.96 V erm ont...............
In d ian a .................. 1.45 New Jersey .......... 15 05 10.68

5.22Io w a....................... 6 .66 New M exico........ 26.53 W ashington.........
K ansas................... 11.53 New Y o rk ............ 36.14 W est V irginia.. . . 49.20
K en tucky .............. 6 .16 N orth  Carolina. . 50.91 W isconsin............ .40
L ouisiana.............. 39.41 N orth  D ak o ta .. . 7 .32 24.42

Source: Statistical Abstract o f the United States, 1936.



CHAPTER V III

AVERAGES

If the general manager of a manufacturing company wished to com
pare the wage conditions in one branch factory with those in another 
branch factory, he might first compare the total pay roll of the one with 
that of the other. But would the total pay rolls indicate to him in which 
plant wages were higher? Would totals of the wages paid indicate any
thing whatever concerning the relative wage conditions in the two 
branches?

Again, the manager might have each actual pay roll made up in the 
form of an array of the wages paid at each branch. He would then have 
before him all of the details concerning the wages paid in the given 
period at both factories. But would these presentations permit easy 
comparison? Could he measure the conditions a t each factory by looking 
a t a list of the wages paid?

Even if the wages were grouped in two frequency distributions 
(Exhibit 85) showing the numbers of workers in each plant receiving 
wages between various wage limits, could the executive obtain quickly a 
picture of the relative wage conditions? In short, does a frequency 
distribution give a sufficiently concise picture for such purposes?

Methods of Measuring Data.—Neither the array nor the frequency 
distribution is a method of measuring data. They are methods of 
presenting data in orderly arrangement.

Whether data are in unorganized forms or in organized distributions 
such as those discussed in the preceding chapter, it is often necessary to 
obtain measurements which will give concise pictures or representations. 
There are several types of measurements, of which the most useful are :

1. Averages.
2. Quartiles, deciles, and percentiles.
3. Index numbers.
4. Measures of dispersion, or variation, and skewness.
In this chapter, the first two methods, viz., (1 ) averages, and (2 ) 

quartiles, deciles, and percentiles, will be discussed. The following 
chapter (Chapter IX) will cover index numbers. In Chapter X, dis
persion and skewness will be considered.

Nature and Types of Averages.—An average is a single value which is 
taken to represent a group of values. Such a representative value may
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be obtained in several ways, for there are several types of averages. For 
a given case, one type may be more representative than another type, 
and it is therefore necessary to understand clearly the nature and purpose 
of each type.

Probably the most commonly used average is the arithmetic average, 
or arithmetic mean. This is an average obtained by adding the values of 
the cases and dividing by the number of cases.

D i s t r i b u t i o n  o f  E m p l o y e e s  i n  P l a n t s  1 a n d  2 b y  W e e k l y  E a r n in g s  
Week Ended Septem ber 10, 1 9 3 8

Weekly earnings 
in dollars

N um ber of employees

P lan t 1 P lan t 2

1 . 0 0 -  3 .9 9 0 16
4 . 0 0 -  6 .9 9 4 23
7 . 0 0 -  9 .9 9 5 11

1 0 . 0 0 - 1 2 .9 9 3 19
1 3 . 0 0 - 1 5 .9 9 7 31
1 6 . 0 0 - 1 8 .9 9 3 20
1 9 . 0 0 - 2 1 .9 9 16 34
2 2 . 0 0 - 2 4 .9 9 21 52
2 5 . 0 0 - 2 7 .9 9 49 117
2 8 . 0 0 - 3 0 .9 9 73 132
3 1 . 0 0 - 3 3 .9 9 90 144
3 4 . 0 0 - 3 6 .9 9 76 127
3 7 . 0 0 - 3 9 .9 9 61 121
4 0 . 0 0 - 4 2 .9 9 33 117
4 3 . 0 0 - 4 5 .9 9 26 66
4 6 . 0 0 - 4 8 .9 9 2 4 26
4 9 . 0 0 - 5 1 .9 9 11 10
5 2 . 0 0 - 5 4 .9 9 11 6
5 5 . 0 0 - 5 7 .9 9 5 0
5 8 . 0 0 - 6 0 .9 9 5 3
6 1 . 0 0 - 6 3 .9 9 2 2

T otal 5 2 5 1 ,0 7 7

E x h ib it  85.— Frequency distributions of da ta  taken  from th e  pay  rolls of two branches of a 
m anufacturing company. (Data adapted.)

Another common average is the mode, or modal average. This is the 
value which occurs the greatest number of times, or, more exactly, the 
value about which the most cases occur; it is the most common value.

A third average is the median, which is entirely a position average. 
The median is the value of the “ mid-case,” or, more specifically, the 
value at the mid-point, when the data are arranged in order of size— 
that is, it is the value located where the number of larger values and the 
number of smaller values are the same.
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A fourth average is the geometric average, or the geometric mean. This 
average is found by obtaining the product of the items and extracting 
the corresponding root of this product. The root to be obtained is the 
number of items—that is, if there are 500 items, the 500th root should be 
obtained. Such a root is easily found by the use of logarithms.

The four types of averages just mentioned will be discussed and illus
trated in the pages which follow. Another average, which is seldom used 
in business statistics, and which, therefore, will not be considered in detail, 
is the harmonic average, or harmonic mean. This may be defined as the 
reciprocal of the arithmetic average of the reciprocals of the items. The 
reader may recall from elementary mathematics that the reciprocal of a 
number is a fraction of which the numerator is unity and the denominator 
is the number. Therefore, the harmonic mean is found by averaging 
arithmetically the fractions obtained by placing a numerator of 1 over 
each item. This resulting average of fractions1 is the reciprocal of the 
harmonic mean.

Computation of the Arithmetic Average.—The method of computation 
of the arithmetic mean is not difficult when the exact values of all items 
are known, and it is even simpler where the total value of the items and 
the number of items are known. For instance, to return to the preceding 
example of a manufacturing company (Exhibit 85), if the weekly wages 
of the workers in Plant 1 are all available, the arithmetic average of the 
weekly wages can be obtained by adding together the individual wages 
and dividing by the number of wage earners. Or if only the total pay 
roll and the number of persons on the pay roll are known, the average 
wage can readily be found by dividing the latter into the former. Thus, 
if the total pay roll of Plant 1 for the week ended September 10, 1938, 
were $17,850 and the number of employees were 525, this average weekly 
wage would be $17,850 -j- 525, or $34.

Obviously, for the purpose of computing the arithmetic average or 
mean, it does not m atter in what order or form the exact values of the 
cases are used. The mean can be found just as quickly from items listed 
in a miscellaneous order as from items arranged in the form of an array, 
providing that they are arranged to facilitate addition. In obtaining 
the average from a frequency distribution, however, a slightly diiferent 
procedure is necessary.

' In  this brief description, common fractions have been used to  facilitate explana
tion. Ordinarily, calculations of the harmonic mean are made from a table of recipro
cals which are sta ted  decimally. The reciprocals in th is form are found from the 
table, and are averaged arithm etically. The com puted average reciprocal is then 
found in the table, and the absolute num ber corresponding to  th is is the harmonic 
mean. (See Table of Reciprocals, pp. 749-759.)
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In Exhibits 65 and 6 6 , pages 136 and 137, a frequency distribution of 
the sizes of men’s shoes sold in 1937 by The Paris Store was presented. 
As in an array and in an unorganized list of items, each actual size of 
shoe sold is present in this type of frequency distribution, for there is no 
class interval. Yet, if the sizes listed were added together, the result 
would not be the sum of all sizes sold, for the number of sales of each size 
was greater than one. Therefore, before adding to find the sum of the 
sizes sold, we must multiply each size by the number of pairs sold, as in

Size
(v)

N um ber of pairs
CD

Productw
4 i 5 224
5 10 50
54 20 110
6 25 150
64 75 4874
7 150 1,050
74 300 2,250
8 475 3,800
84 410 3,485
9 375 3,375
94 220 2,090

10 125 1,250
104 75 7874
11 20 220
114 15 1724
12 5 60

T otal 2,305 19,360

19,360 -T- 2,305 =  8.4, the  arithm etic average size.
E x h ib it  86 .— C om putation of the  arithm etic average from a frequency table  w ithout class

intervals.

Exhibit 8 6 . Then, to find the arithmetic average of sizes sold, the sum 
of the products, 19,360, will be divided by the number of pairs sold, 
2,305, giving 8.4. I t  will be noted that the sum of the products is the 
same sum as would have been obtained if each size had been listed the 
number of times indicated in the frequency (/) column and the resulting 
list of 2,305 individual sizes had been added together.

The method just described may be used to secure a very close approxi
mation of the mean of data presented in the other type of frequency 
distribution—namely, where class intervals rather than exact class sizes 
are given. The only difference is that the mid-point of the class interval 
is used as the value of all cases within the class interval. In Exhibit 87, 
the computations of the average weekly wages earned for the week ended 
September 10, 1938, in Plants 1 and 2 are shown.
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Sometimes it is advisable to obtain a weighted arithmetic average. The 
computation of the weighted mean differs from that of the simple mean 
in that the constituent items or values are first multiplied by certain 
weights. Then the total of the weighted products is divided by the sum 
of the weights, instead of by the number of items.

C o m p u t a t io n  o f  A r i t h m e t i c  A v e r a g e  o f  W e e k l y  E a r n in g s  ( P l a n t s  1 a n d  2) 
Week Ended Septem ber 10, 1938

W eekly earnings 
in dollars

M id-point
of class

(to)

P lan t 1 P lan t 2

Frequency
(/)

Product
(to/)

Frequency
(/)

Product
(to/)

1 .0 0 - 3 .99 2.50 0 0 16 40.00
4 .0 0 -  6 .99 5.50 4 22.00 23 126.50
7 .0 0 -  9 .99 8 .50 5 42.50 11 93.50

10.00-12.99 11.50 3 34.50 19 218.50
13.00-15.99 14.50 7 101.50 31 449.50
16.00-18.99 17.50 3 52.50 20 350.00
19.00-21.99 20.50 16 328.00 34 697.00
22 .00-24 .99 23.50 21 493.50 52 1,222.00
25 .00-27 .99 26.50 49 1,298.50 117 3,100.50
28 .00-30 .99 29.50 73 2 ,153 .50 132 3,894.00
31 .00-33 .99 32.50 90 2 ,925 .00 144 4,680 .00
34 .00-36 .99 35.50 76 2 ,698 .00 127 4,508 .50
37 .00-39 .99 38.50 61 2 ,348 .50 121 4,658 .50
40 .00-42 .99 41.50 33 1,369.50 117 4,855 .50
43 .00-45 .99 44.50 26 1,157.00 66 2 ,937.00
46 .00-48 .99 47.50 24 1,140.00 26 1,235.00
49 .00-51 .99 50.50 11 555.50 10 505.00
52 .00-54.99 53.50 11 588.50 6 321.00
55 .00-57 .99 56.50 5 282.50 0 0 .00
58 .00-60.99 59.50 5 297.50 3 178.50
61 .00-63 .99 62.50 2 125.00 2 125.00

T otal 525 18,013.50 1,077 34,195.50

18.013.50 -f- 525 = 34.31, the average wage in P lan t 1.
34.195.50 +  1077 =  31.75, th e  average wage in  P lan t 2.

E x h ib it  87.— C om putation of the arithm etic average from a frequency table with class
intervals.

I t may appear that the computation of the weighted mean is the same 
as that of the simple mean from data in a frequency distribution with 
class intervals, as the frequencies may appear to be weights applied to the 
mid-points of the classes. However, a weighted mean is one where the 
weights assigned to the constituent items are estimated or arbitrarily 
determined, and are not the actual number of occurrences or frequencies 
as found in a frequency distribution.
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The weighted arithmetic average is particularly useful in studying 
prices of commodities where it is desired to weight each price according 
to the relative importance of each commodity. The use of weights in 
this and in other ways is illustrated in Chapter IX on Index Numbers.

Nature and Significance of the Arithmetic Mean.—It will be noted 
that the mean is affected by the value of every case, for all values (approxi
mate values, in the case of frequency distributions with class intervals) 
are included in the sum of the values. However, undue weight may be 
given to extreme items. For example, in one factory, there may be a 
few'highly paid skilled workers whose weekly earnings would cause the 
arithmetic mean to be somewhat higher than it would be without these 
earnings. Aside from these few skilled workers, wage conditions in that 
factory might be approximately the same as in another factory, and yet 
the arithmetic average of wages would be greater in the first factory 
because of the inclusion of a few extreme cases.

Furthermore, the mean very often is not the value of any observed 
case. In discrete (non-continuous) series, the mean may be an amount 
which does not actually exist. Thus, the average size of families in a 
certain city was found to be 3.46 persons; the average size of men’s shoes 
sold by The Paris Store (see page 167) was determined to be 8 .4 . 
It is not to be considered that these characteristics are necessarily 
serious disadvantages. When averaging the prices obtained for a given 
product over a period of time, it might be essential to include all extremely 
high or low prices, because these affect earnings, and average selling prices 
are often compared with average earnings and average expenses per sale. 
Furthermore, even though the above stated average size of family does not 
actually exist, this average is useful in comparing cities from the stand
point of school requirements, the number of family dwellings required, 
etc.

The arithmetic average has a definite advantage in that it is commonly 
used and, therefore, is familiar to everyone. Furthermore, it is an 
amount which can be located with mathematical exactness, and it can 
be determined when only the total value of the cases and the number 
of cases are known.

I t  should be appreciated that the arithmetic average (as well as other 
averages) should be used only when the data are relatively homogeneous 
for the purpose at hand. The average wage discussed above, for instance, 
might be misleading if it included different kinds of labor, such as male 
and female, or men and boys. Suppose, for instance, that boys are 50 
per cent as efficient as men. Then, if Factory A has 75 per cent boys 
averaging 60 per cent of men’s wages, and Factory B  has 25 per cent boys 
at 60 per cent of men’s wages, Factory A will have lower average wages, 
but higher unit costs. From many points of view, such averages would 
be based on data that were not homogeneous, and would be misleading.
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Arithmetic Average of Extreme Items.—For a rough approximation of 
the representative value or average of a series or group of data, the mean 
of extremes is useful. This is merely the arithmetic average of the highest 
and the lowest value. While ordinarily it is not sufficiently representa
tive for careful work, it has the advantage of being easily computed. In 
instances where the computation of an arithmetic mean of all items 
would require so much work that it could not be used at all, and where it 
is known that the data are not subject to erratic fluctuations, the average 
of extremes serves a very useful purpose. For example, the average price 
of a certain stock on the New York Exchange on a given day should be 
obtained ordinarily by dividing the total number of shares sold into the 
total amount paid for the shares, but this is often so great a task that it 
cannot be done, especially if the study involves a large number of sales. 
If there are no unusual movements, the average of extremes may be 
accurate enough for the purpose a t hand, and it may be much better to 
use this average in connection with a large number of stocks than to use 
the more refined methods with a small number of stocks. The average of 
extremes is often a practical average to use in analyzing the movements of 
the prices of commodities as well as the prices of stocks.

Computation of the Mode.—The mode has been defined as the value 
which occurs the greatest number of times, or, more exactly, the value 
about which the most cases occur. I t  is the point of greatest “ density” 
or greatest frequency of occurrence in a frequency distribution; it is the 
most common value.

The modal average is a position average—that is, it is located at a 
certain position within an orderly grouping of the data. I t  can not be 
determined readily from unorganized data; it is not easy to locate within 
an array. For practical computation, grouping of the data in a frequency 
distribution is a prerequisite.

In a distribution where the cases are grouped by individual sizes 
rather than by classes of sizes, the mode ordinarily is that size which has 
the greatest frequency. Thus, in Exhibit 64, page 136, the modal average 
of men’s shoes sold in 1937 is size 8 , for there were more shoes of this size 
sold than of any other. Occasionally it happens that a certain size 
occurs more frequently than any other size, when there are only a 
relatively few frequencies of the adjacent sizes. If another size has 
occurred slightly less frequently, but this latter size has a greater number 
of adjacent items, it may be the point of greatest density. Then this 
latter item should be taken as the mode, rather than the size of greatest 
frequency. In some distributions, several points of considerable density 
may be found, and it may be difficult to determine at which point there 
is the greatest density of cases. In such distributions, it may not be 
advisable to compute or use the mode.
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In frequency distributions having class intervals, the modal class is 
either the class having the most frequencies or, if this is not the place of 
greatest density, it is where the greatest density of cases is found. Some
times several regroupings of the data, using class intervals of different 
sizes and placing the class limits at different points, are necessary to 
ascertain the modal class. Usually, however, in distributions where the 
modal class is not well defined it is not advisable to use the modal average. 
In obtaining the mode itself (within the modal class) it is usually satis
factory, when studying business data, to use the mid-point of the modal 
class. While it is true that the mid-point of the modal class can only be 
called the approximate mode, it is seldom necessary to use technical 
methods of locating the modal average in business statistics , 1 because 
mathematical exactness does not necessarily obtain a more representative 
mode.

Referring again to Exhibit 85, it will be seen that the class $31.00 to 
$33.99 is the “ class of greatest density” both for Plant 1 and Plant 2 , 
because more employees earned wages within this class than within any 
other, and also because the next greatest numbers of employees earned 
wages within the adjacent classes. Therefore, this class is the modal 
class, and the mid-point of this class, $32.50, may be taken as the modal 
wage of employees in both factories.

Significance of the Mode.—In ordinary conversation, people often 
refer to an average which really is the mode. The “ average” citizen is 
the modal citizen; by average income, we usually mean modal income;

1 A more scientific m ethod of “ interpolating for the m ode” (although no t often 
necessary in  practical work) is as follows: The mode equals the lower lim it of the modal 
class plus a  fraction of the class interval, of which the num erator is the num ber of 
cases in  th e  next higher class and the denom inator is the sum of the num ber of cases 
in the next higher and the next lower classes. This m ay be expressed in form ula form 
as:

"• -  L + G tT 75>
in which the symbols represent the item s nam ed above, namely, is the mode, L  is 
the lower lim it of the m odal class, fn  is the num ber of cases in th e  next higher class, 
fm  is the num ber of cases in th e  next lower class, and i  th e  class interval.

Referring to the m odal wages in  P lan ts 1 and 2 from the distribution of weekly 
wages in  E xhibit 85, i t  is evident th a t  th e  m odal wage class for bo th  plants is $31.00 
to  $33.99. L et us in terpolate for th e  mode by applying the above formula. By 
substitu ting  values in  th e  above form ula we find, for P lan t 1, th a t the

Mode =  31.00 +  ?3) 3  =  31.00 +  =  32.53

and  for P lan t 2 the

Mode =  31.00 +  ( — 132)3 =  31.00 +  g  = 32.47.
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average efficiency is the most common or most frequently attained 
efficiency.

The mode is useful where extreme items should not affect the average. 
For example, if a banker wishes to know the average balance of depositors, 
he might wish to use the modal average rather than the arithmetic. The 
latter would be greatly influenced by a few balances of one million dollars 
or more, but the mode would not be affected by these extreme cases, 
and, therefore, would be a more representative average for many purposes. 
In fact, in obtaining the modal average, the size of extreme cases need not 
even be known.

The mode may not always be well defined or possible to locate 
properly. The “ point of density” may be more than a point, and, there
fore, the point taken as the mode may depend upon the judgment or 
desire of the person using the mode. In frequency distributions, it is 
essential that the class interval be properly chosen and that the class 
limits be correctly placed, or the modal point will not be accurately 
determined. Even where a representative mode is obtained, the product 
of the mode and the number of items will not give the total value of all 
cases, as does the product of the arithmetic average and the number of 
items (except in a perfectly normal distribution as explained on page 236).

Computation of the Median.—The median, like the mode, is also a 
“ position” average. I t  is the value at the mid-point in an array. In 
order to determine the median, it is necessary to have the items arranged 
in order of size, as in an array or frequency distribution. The median 
can not readily be determined from unorganized data, except where the 
number of cases is sufficiently small to allow mental arrangement in the 
order of size.

When the data have been arranged in an array, it is only necessary to 
count the items and find the mid-item in order of size. Thus, in Exhibit 
63, page 134, which presents an array of the sales of the Smith Motor Car 
Company, there are 21 items, and the median is the value of the 11th 
item (counting from either end of the array), namely $1,800.00. I t will 
be noted that the median is so located that the number of items above it is 
the same as the number below it . 1

If there is an even number of items, the median is halfway between the 
two mid-items. For instance, if the last sale listed in the array of the 
Smith Motor Car Company sales (Invoice 901 in the amount $1,450.00) 
were dropped from that array, there would be but 20 items (Exhibit 63).

7X j X
1 The position of the median m ay be found by the form ula —^— > ln which n

21 —1
is the num ber of items. Thus, in E xhibit 63, there are 21 items, and — ^—  =  11- 

Therefore, the median is the 11th item.
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The median would then be midway between the 10th and 1 1 th items 
($1,875.50 and $1,800.00 respectively), or $1,837.75. In other words, the 
midway point is the arithmetic average of the 1 0 th  and 1 1 th items. 
In this case, there are also 10 items larger and 10 items smaller than the 
median ($1,837.75), but the median is not an actual item found in the 
array—it is midway between the two central items.

In a frequency distribution, where the items are grouped by actual 
values rather than by class intervals of values, the median can be found 
in a manner similar to that followed in the case of the array. I t  is only 
necessary to locate the class in which the mid-case falls, and this class 
value is the value of the median. In Exhibit 64, page 136, the median size 
of men’s shoes sold by The Paris Store is the size of the 1,153d item 
in order of size, for there are 2,305 items included in the distribution. 
This item is found by counting from either end of the distribution by 
which it will be found to be among the 410 items of the size 8 |.  The 
median size, therefore, is 8£.

Location of the Median within a Class Interval.—Where classes are 
expressed in intervals of values, as in Exhibit 67, page 138, an additional 
problem arises. The class within which the median falls can be located 
in the manner described above, but which value within that class inter
val is the median? For example, in Exhibit 67, the median earning of 
employees in Plant 6 is within the class interval in which the 255th case 
falls, there being 509 cases in the distribution. This class is $24.00 to 
$25.99, in which 90 items or frequencies occur. But what value within 
that class range should be taken as the median?

Obviously, if the actual values of the 90 items were known, the median 
could be located exactly. I t  would only be necessary to count the arrayed 
items until the mid-item of the entire 509 wage earners (the 255th item) is 
found. But where the actual values of the 90 items are not known (they 
are not given by the frequency distribution and could be found only 
by reference to the data from which the frequency distribution was 
compiled), it is necessary to locate the median by somewhat arbitrary 
methods.

As a rough approximation, the mid-point of the class in which the 
median falls might be taken as the median, for it has been pointed out 
that the mid-point is usually considered to be representative of the class. 
However, this is not sufficiently accurate for some statistical work, partic
ularly where it is evident that the median is more likely to be near one 
of the extremes of the class range.

A more exact method is to consider the median value as a proportional 
distance from the lower limit, or from the upper limit, of the class interval. 
Thus, in Exhibit 67 (page 138), if we count the number of wage earners 
receiving less than do the 90 employees in the median class ($24.00 to
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$25.99), we will find the total to be 175. Since the median or mid-item 
is the 255th, it will be 80 items (i.e., 255 minus 175) above the 175 items. 
In other words, if we count up from the smallest earning to the 255th earn
ing, we will include the 175 items below $24.00 and 80 items in the class 
$24.00 to $25.99. As there are 90 wage earners in the class $24.00 to 
$25.99, we may locate the median as being | $ of the entire interval ($2.00) 
from the lower limit, $24.00. Similarly, counting from the highest earn
ing, there are 244 items larger than $25.99; therefore, we may locate 
the median as being i-i- of the interval below the upper limit.

A slight correction of these statements is necessary for mathematical 
exactness. The true proportions of the interval which we should take 
are 79.5/90 and 10.5/90, respectively, because the median must be con
sidered to be 79^ spaces distant from the lower limit rather than 80 spaces, 
and 10 | spaces distant from the upper limit, in this example. We can 
prove this by noting that the median must be the same point, whether we 
find it by adding a fraction of the class interval to the lower limit, or by 
subtracting a fraction of the interval from the upper limit. This point 
would not be obtained by adding -| of the interval to the lower limit and 
subtracting ijnj- from the upper limit, but it is obtained by using the frac
tions 79.5/90 and 10.5/90 respectively. 1 Thus, in this case the median

79.5 10 5 
is 24 +  -gjy- (2), or 25.77; it is also 2 6 ---- (2), or 25.77.2

1 While the m edian is the 80th item  from  the items in  the next lower class and the 
11th item  from those in the next higher class, it  is only 79J spaces d is tan t from  the 
lower lim it of the, class and  10|  spaces d is tan t from th e  upper lim it, if we assume th a t 
the item s are evenly distributed  throughout the class interval. The reason for this is 
th a t  the first item  should not be considered to  be exactly a t  the lower lim it nor the 
90th item  a t  the upper lim it. If th is la tte r  condition were true, then  the item s in the 
next lower class would be d istributed  in th e  same m anner and one of the cases in th a t 
class would fall a t  the upper lim it of th a t  class which is also the lower lim it of the 
given class. Therefore, we m ust consider th a t  the distribution of cases begins a cer
ta in  distance from th e  limits, a t a point which is one-half of th e  distance between any  
two cases. This is illustrated below by a graphic presentation of the  positions of five 
items evenly distributed in a class interval.

i<------- . . .  —  --------- Entire class interval

i  space Full space

Obviously, the th ird  item  from the lower lim it is 2-| spaces from th a t  point, the 
second item  is 14 spaces from th e  lower lim it, etc.

2 Reduced to  rules of procedure, i t  m ay  be said th a t  when the ac tua l values 
of the cases w ithin the m edian class are no t known, the m edian m ay be located 
within th a t class b y  either of the following:

1. Adding a proportion of the class in terval to  the lower lim it of th e  m edian class— 
this proportion being a fraction having as the num erator one-half an item  less than
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Use of the Median.—The median average can be obtained even 
though the values of all items are not known. In fact, the only item 
which requires valuation is the mid-item, provided it is known that there 
are the same number of items larger and the same number smaller. For 
example, if a wholesale drug company wished to know the average annual 
sales of its customers, it could obtain the median, even though the 
sales data were not available for the smallest customers, nor the largest. 
I t  would only need to know whether the sales of the customers not 
reporting were larger or smaller than the median.

Sometimes it is difficult to measure qualities for which an average 
might be desired. The intelligence of the laborers in a factory cannot 
easily be measured in definite units, but it may not be difficult to arrange 
the laborers in order of intelligence and determine the laborer with the 
median average intelligence. In other words, the median may be deter
mined even though it is not mathematically measured.

In locating the median no more weight is given to an extreme item 
than to an item near the median. Although it is not influenced by the 
size of extreme items, the effect is not likely to make it unrepresentative 
of the entire data.

If the items are few in number, however, the median is not likely to be 
representative. Neither the mode nor the median should ordinarily be 
used where the number of cases are few, because they are “ position” 
averages. I t  requires a considerable number of cases to establish a 
reliable position for the mode or the median.

the num ber of item s located within th e  class which are needed to  reach th e  median 
item  of th e  entire distribution (counting up from the sm allest case), and having as 
the denom inator the to ta l num ber of item s within the median class. In  form ula form, 
this m ay be sta ted  as:

Median = L  -\--ji

where L  is th e  lower lim it of th e  class in which the m edian occurs, g is one-half of one 
item  less th an  the num ber of items to be added to  those below the class to  reach the 
m edian item  of the distribution, /  is the to ta l num ber of items within the class, and i 
is the class interval.

2 . Subtracting a  proportion of the class in terval from the upper lim it of the median 
class—this proportion being a fraction having as the num erator one-half an item  less 
than  the num ber of item s located within th e  m edian class which are needed to  reach 
the m edian item  (counting down from the largest case), and having as the denom inator 
the to ta l num ber of item s w ithin th e  m edian class. In  form ula form this is:

where L ' is th e  upper lim it of the class in which the m edian occurs g' is one-half of 
one item  less th an  the num ber of cases to  be subtracted  to  get the median item , and /  
and i  are the same as in the previous formula.
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I t is also to be noted that neither of these averages can be used to 
determine the total value of all the cases where the number of cases is 
known. The product of the number of cases and the median, or the 
mode, does not give the total of the data (except in a normal distribution 
as explained on page 236).

Finally, it should be appreciated that, although theoretically there 
should be the same number of cases larger and the same number smaller 
than the median, this may not be the case if an array contains groups of 
numbers of the same size. The median size of men’s shoes sold by The 
Paris Store (see Exhibit 64, page 136) was stated to be 8£, for this is 
the size of the 1,153d or mid-case. But there are 1,060 items smaller and 
835 items larger, and the median might be taken as any one of the 410 
items of the size 8 | .  That is, the median might be taken as the 1,061st 
item or the 1,470th item, or any intermediate item, and yet the value of 
the median would still be 8 | ,  because this is the size of all 410 items. 
This indefinite quality of the median, it is to be observed, exists chiefly in 
discrete (non-continuous) series, and it is particularly evident in the 
above illustration because the data are particularly discrete.

Computation of the Geometric Average.—The geometric average (or 
geometric mean) is the nth root of the product of n factors. Thus, the 
geometric average of 10, 100, and 1,000 is the cube root of (10 X 100 X 
1 ,00 0) or •^ 0 0 0 ,0 0 0  which is 100. (Note that the arithmetic average is 
[10 +  100 +  1,000] v 3  or 1,110 -=- 3 which is 370.) As there are 
usually more than three items to be averaged geometrically, there are 
usually more than three factors to be multiplied together and a higher 
root than the cube root to be extracted. Therefore, in computing this 
average, a knowledge of the more simple-uses of logarithms is necessary. 1

An easy rule to remember is that the geometric average is obtained by 
finding the arithmetic average of the logarithms of the items, which figure 
is the log of the geometric average. The procedure is just the same as in 
finding the arithmetic average of the data, except that the logarithms 
of the items are used instead of the items themselves. Therefore, to find 
the geometric average of several items in an unorganized presentation or 
in an array, add the logs of the items, divide by the number of items, 
and look up the antilog. To illustrate, the geometric average of 10, 100, 
and 1,0 0 0  may be found by adding the logs of these items, namely 
1, 2, and 3, then dividing the sum (6 ) by 3 and looking up the antilog of 
the result (2 ), which is 1 0 0 .

In a frequency distribution, the process of computing the geometric 
average with the use of logarithms is similar to that used in computing

1 A brief explanation of logarithms and how to use them  is given in Appendix VII, 
pp. 723-728.
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the arithmetic average of the data. The computation is illustrated in 
Exhibit 8 8 , in which it will be seen that the logarithm of each size (see 
second column) is multiplied by the corresponding number of items 
(third column). The resulting product (see fourth column) is the 
logarithm of a stated power of the given size. Thus, when the logarithm

T H E  PA R IS  STO R E 
C o m p u t a t io n  o p  t h e  G e o m e t r ic  A v e r a g e  S i z e  o f  M e n ’s  S h o e s  S o l d  i n  1937

Size Log of size N um ber of pairs
P roduct of log and 

num ber of pairs

4i .65321 5 3.26605
5 .69897 10 6.98970
Si .74036 20 14.80720
6 .77815 25 19.45375
6 i .81291 75 60.96825
7 .84510 150 126.76500
n .87506 300 262.51800
8 .90309 475 428.96775
8i .92942 410 381.06220
9 .95424 375 357.84000
9i .97772 220 215.09840

10 1.00000 125 125.00000
104 1.02119 75 76.58925
11 1.04139 20 20.82780
H i 1.06070 15 15.91050
12 1.07918 5 5.39590

Total 2305 2121.45975

Log of the geometric average = 2121.45975 -s- 2305 — .92037.
Antilog ,of .92037 = 8.325, the  geometric average.

E x h ib it  88.— C om putation  of geometric average from frequency d istribu tion  of size values.

of size 41 is multiplied by 5, the result (3.26605) is the logarithm of the 5th 
power of 4 I . 1 The total of the logarithms of the 2,305 items is the sum 
of the fourth column, namely 2121.45975. By dividing this by 2,305, 
the logarithm of the 2,305th root of the product of 2,305 items is obtained. 
This is .92037, which is the logarithm of 8.325, the geometric average.

Significance and Use of the Geometric Average. I he geometric 
average is useful in averaging ratios, which express rates of change.

1 Since the 5th power of 4 i means th a t the number is multiplied by itself 4 times 
(that is, there are 5 factors of 4 i), the logarithm 3.26605 is the logarithm of the 
product of 5 items of size 4§. Then the logarithm of size 5, namely .69897, multiplied 
by 10 gives the logarithm of the product of 10 factors having size 5 {i.e., 5 X 5 X 5 X 5 
X 5 X 5 X 5 X 5 X 5 X 5 ) .
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These ratios are usually called “ percentage relatives.” For instance, if 
the price of sugar at one date is 5 cents and a year later it is 10 cents, the 
price at the first date may be taken as 10 0  and that at the later date will 
be 200. In other words, the second price is 200 per cent of the first. 
Now, if the price of bacon at the same dates is 80 cents and 40 cents, 
respectively, the percentage relatives are 100 and 50. W hat is the 
average price condition of these two commodities at the two dates? If 
we average the percentage relations arithmetically the results are as shown 
in the table below, and the average change is from 10 0  to 125.

Relative price 
a t  first date

R elative price 
a t second date

100
100

200
50B acon...................................

T o ta l..................................... 200 250

A rithm etic m ean ................... 100 125

However, if we average geometrically, the average at the first and at 
the second date will be 100, and no change is found (V^OO X 50 = 
V l 0,0 0 0  =  100). The latter is in accordance with the facts, for the 
change in the price of sugar has been offset by a similar inverse change in 
the price of bacon, assuming that each change is to be given equal weight.

In studying index numbers in Chapter IX, further illustrations of 
the use of the geometric average as the best method of averaging percent
age relatives will be presented. I t  is well to note that the geometric 
average is seldom used to average the observed values, as was done for 
purposes of illustration in Exhibit 8 8 . Its use is necessary, however, in 
such problems as averaging percentage relatives or other expressions of 
rate of change.

Quartiles, Deciles, and Percentiles.—Sometimes it is desirable to 
obtain representative values other than the averages described in the 
preceding discussion. Thus, if salesmen are graded according to the 
dollars of sales attained, they may wish to know what amount of sales is 
necessary to place them above the first one-fourth of the salesmen, or 
above one-half of the salesmen, or above three-fourths of the salesmen. 
These dividing points, or rather the values at the points dividing the 
number of salesmen, are called the first, second, and third quartiles, 
respectively. They are found by dividing the number of items into four 
parts and finding the values of the items at the three resulting division 
points. Obviously, the items must first be arranged in order of size. 
Also, it will be noted that the second quartile and the median are identical.
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The quartiles, deciles, etc., are always numbered from the smallest to the 
largest.

The first quartile in Exhibit 64, page 136, is the value of the item 
which is one-fourth of the total number of cases from the smallest case. 
Thus, it is approximately the 576th item. Counting up from the smallest 
item, we find this to be size 7§. The second quartile, or median, is the 
value of the 1,153d item, which we previously found to be 8 | .  The 
third quartile is approximately the 1,729th item, or size 9.

Deciles and percentiles are measurements similar to the quartiles, 
except that they are found by dividing the number of items into 10  and 
10 0  parts, respectively. Thus, there are 9 deciles and 99 percentiles.

SOUTHERN MANUFACTURING COMPANY 
DISTRIBUTION OF MEN BY DAILY WAGES 

JUNE 30 , 1938
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E x h ib it  89.— In distributions approaching a bell-shaped curve, the mode is indicated 
by the highest point on the curve.

Determination of Averages, Quartiles, Etc., from Frequency Curves.—
Two of the averages which have been considered can be determined from 
frequency curves. These are the mode, which can be found on an 
ordinary frequency curve, and the median, which can be determined on a 
cumulative frequency curve. The quartiles, deciles, and percentiles can 
also be located by means of the cumulative frequency curve.

In distributions which approach the bell-shaped curve, 1 the mode can 
easily be read from the graph, as it is determined by the highest point on 
the curve. That is, the mode is the value on the horizontal scale under 
the highest point on a frequency curve, providing, however, that the

1 See E xhibit 72 for a graphic presentation of fundam ental types of frequency 
curves.



adjacent portions of the curve are high enough to indicate that this 
point is the place of greatest density. In the curve of Exhibit 89, for 
instance, it is easy to see that the highest point is a t the $5 .0 0  to $6.0 0  

class interval, or, in other words, that the most common wage is between 
$5.00 and $6 .0 0 . This curve also shows, however, that there are almost 
as many men receiving wages between $6.0 0  and $7.00. This fact should 
be taken into consideration when interpreting this curve. If a single 
figure or modal average is estimated from this curve, it is obvious that 
$5.50 (half way between five and six) is probably not as close an approxi
mation as $5.75. 1
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E x h i b i t  9 0 .— Determ ining the  m edian from a cum ulative frequency curve. (The point 
is found where the  curve crosses one-half the greatest ord inate value, and the m edian is 
read directly  under th is point on the  horizontal scale.)

Since the cumulative frequency curve shows the cumulated frequencies 
as ordinates, the median is located by finding the abscissa value for the 
point a t which the ordinate value on the curve is half way between zero 
and the largest ordinate value .2 For instance, in Exhibit 90, the greatest 
ordinate value is approximately 800 men. Half way between zero and 
800 is 400. Then, if we find the point where the curve crosses the 400 
line and read the value in the horizontal scale directly below this point, 
we find that the median is between 6  and 7 or, in other words, approxi
mately $6.50.

1 See footnote on page 171 for m athem atical m ethod of in terpolating for th e  mode.
2 As m entioned in Chap. V II, th e  ordinates are the frequencies, and the sizes are 

shown along the abscissa line.
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If a “ more th an ” curve were also plotted on the chart in Exhibit 90, 
it would cross the “ less th an ” curve at the median. In other words, 
two cumulative curves of a frequency distribution will cross at the 
median.

Quartiles may be determined from a cumulative frequency curve in 
the same manner as the median, except tha t the highest ordinate value is 
divided into four parts instead of into two. In Exhibit 90, one-fourth 
of the highest ordinate value is 200 men. Thus, if we find the points 
where the curve crosses the 200, 400, and 600 lines and read directly 
below these points, we will have the first quartile ($5.00), the second 
quartile ($6.50), and the third quartile ($8.50), respectively. Deciles and 
percentiles can also be located by dividing the distance to the highest 
ordinate value into 10 or 100 parts, respectively. The abscissa values of 
the corresponding points on the curve are then read from the chart.

Because they are determined mathematically instead of according 
to their position in the data, the arithmetic and geometric averages are 
not ascertained by graphic methods.

Indicating Changes in Combinations of Statistical Series.-—In this 
chapter, the methods of obtaining values which are condensed representa
tions of data have been explained, and the use and significance of these 
representative values, or averages, have been considered. From this 
discussion, it will be realized that when the problem is one of analyzing 
changes in combinations of time or other series, something more than 
the ordinary use of averages is required. A device commonly used in 
such problems is known as the “ index number,” which is the subject of 
the following chapter.

Q uestions and Problem s

1. Does the frequency distribution m easure num erical d a ta?  W hat is its  
purpose?

2. Name four m ajor types of m easurem ents which m ay be applied to  organized or 
unorganized data.

3. Describe the common types of averages. Explain the use of each.
4. Describe the procedure in obtaining an  arithm etic average of da ta  presented: 

(a) in  unorganized form ; (6) in an  array ; (c) in a frequency distribution no t having 
class intervals; and (d) in a frequency distribution having class intervals.

5. W hat is the weighted arithm etic average? The average of extremes? How 
are they  used?

6. Define th e  mode. How is it  located? W hen should it  be used?
7. Give the rule for interpolating within a  class in terval to  locate the mode.
8. Compare the arithm etic average and th e  mode as to : (a) effect of extreme 

item s in the com putation; (6) existence of the average as an actual case; (c) ease of 
locating or determ ining; and (d) popular use.

9. Describe how the median is obtained from (a) an array ; (6) a frequency 
distribution no t having class intervals; and (c) a  frequency d istribution having class 
intervals.
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10. Is the m edian easier to  locate th an  the mode? Is i t  more definite? Is it  
always a representative average? W hen is i t  particularly  no t likely to  be 
representative?

11. Explain how the geometric average is computed.
12. W hen should th e  geometric average be used in  preference to o ther averages?
13. W hat are quartiles, deciles, and  percentiles? How are they  used?
14. W hich average can be obtained by reading from a frequency curve? Which 

by reading from a cum ulative frequency curve? How are these readings made?
15. Can quartiles be located from a graphic presentation of a frequency distribu

tion? Prom  w hat type  of graphic presentation?
16. A study  was m ade of th e  am ounts spent for lunches by  university  students 

which revealed th e  following distribution of m eal checks in a  given w eek:

Am ount of Number
meal check of

in  cents customers
2 .5 -  7 .5 ................................................. 6
7 .5 -1 2 . 5   101

1 2 .5 -1 7 . 5   327
1 7 .5 -2 2 . 5   489
2 2 .5 -2 7 . 5   577
2 7 .5 -3 2 . 5   556
3 2 .5 -3 7 . 5   583
3 7 .5 -4 2 . 5   621
4 2 .5 -4 7 . 5   280
4 7 .5 -5 2 . 5   126
5 2 .5 -5 7 . 5   63
57 .5 -6 2 .5    17
6 2 .5 -6 7 . 5   .......4

T o ta l...................................................... 3.750

Prom  the above series com pute the average meal check, by the following m ethods:
a. Mode (estim ate and com pute the mode and note the difference).
b. M edian (compute).
c. A rithm etic mean.
d. Geometric mean.

17. W hat is the average wage paid by the Alexander M anufacturing Company 
according to  d a ta  presented in Problem 27, pages 158-159?

Compute the following:

a. Simple arithm etic  average. (Total pay  roll is $6,047.50.)
b. Average of extremes. (Arithmetic average of highest and lowest wage

item s.)
c. Mode. (Use the frequency table  of wage data  m ade for Problem 27, page

157, and find the m id-point of the modal class.)
d. Median. (Use the frequency table  of wage da ta  made for Problem 27,

page 157, and the actual d a ta  on pages 158-159 to  determine the actual 
m edian— not th e  com puted median.)

W rite a  brief report on th e  advantages and disadvantages of the preceding 
averages.

18. W hat is the average age of workers employed by  the Alexander M anu
facturing Com pany according to  da ta  presented in  Problem 27, pages 158-159?
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C om pute the following:

a. Simple arithm etic average. (Total of ages is 8,760 years.)
b. Average of extremes. (Arithmetic average of highest and lowest wage

items.)
c. Mode. (Use the frequency table of age data  m ade for Problem  28, page 160

and find th e  mid-point of the  m odal class.)
d. M edian. (Use the frequency table of age da ta  m ade for Problem 28, page

160, and  th e  actual d a ta  on pages 158 and 159 to  determ ine the actual 
median—not the computed median.)

W rite a  brief report on the advantages and disadvantages of the preceding 
averages.

19. W hat is the average length of service of workers employed by  the Alexander 
M anufacturing Com pany according to  da ta  presented in Problem 27, pages 158-159?

Com pute th e  following:

a. Simple arithm etic average. (Total of years of service is 808.7.)
b. Average of extremes. (Arithmetic average of longest and  shortest length

of service items.)
c. Mode. (Use the frequency table of length of service da ta  m ade for Problem

29, page 160, and find the m id-point of the modal class.)
d. Median. (Use the frequency table of length of service da ta  m ade for

Problem  29, page 160, and  the actual da ta  on pages 158-159 and find the 
actual median, no t the com puted median.)

W rite a brief report on the advantages and disadvantages of th e  preceding 
averages.

20. From the following table of prices of Class AAA bonds on April 1, 1937, 
com pute the average price of such bonds. Compute:

a. A rithmetic mean.
b. Median.
c. Geometric mean.

P r ic e s  o f  30 C l a s s  AAA B o n d s  
Week Ending April 2, 1937

Name of company Price Name of company Price
Alleghany Valley R y ........................ . 1073- Erie and  P ittsburgh  R R ............... . . 103 a
American Tel. and T e l.................... 1061 Hackensack W ater C o .................. . . 106
Atchison, Topeka, & Santa Fe Ry. ■ 108f Hudson C ounty Gas C o ............... . . 118i
A tlantic Refining C om pany........... . 1001 Illinois Central R R ........................ 1101
Brooklyn Edison C om pany............ ■ 981 Illinois Steel C o .............................. 107
Canadian Pacific R y ........................ . l l l i In land  Steel C o ............................... . - 101|
Chesapeake and Ohio R y ............... . 1061 Kansas C ity Term inal R y ........... .. 1061
Chicago Union S tation C o ............. 105 Liggett & M yers Tobacco Co. . . . . 121
Cincinnati Gas and  Electric C o . . . . 98 Little Miami R R ............................ 109
Cleveland Electric Illum in. C o .. . . . 107 (P.) Lorillard C o ............................. . 1171
Columbus and Toledo R R ............... 107 M ichigan C entral R R ................... . .  1051
Consolidated Edison Co. (N. Y .) . . . 103f M ontana C entral R y ..................... . 1011
Consolidated Gas Co. (N .Y .).......... 1061 N ational Steel C o rp ....................... . .  1031
D etroit Edison C o .............................. . 112 J O ntario Power C o .......................... 112?
Duquesne Light C o ............................ . 102| R ichm ond Term inal R y ............... . .  1031

Source: Commercial and Financial Chronicle.



CHAPTER IX

INDEX NUMBERS

How much have general business conditions changed since a year ago 
and since five years ago on the average? How much has the general price 
level risen as compared with 1933? How has industrial production 
changed during the past ten years? Questions like these are common 
among those interested in business affairs, and a valuable aid in answering 
them is the special statistical device known as the index number.

About the middle of the eighteenth century, an Italian named 
Carli wished to know the effect of the discovery of America upon the level 
of prices in Italy. To measure the price change which had taken place, 
he obtained a representative price of each of three commodities in the 
year 1500 and in the year 1750. The three commodities chosen were 
grain, oil, and wine, which were considered to be representative of all 
Italian commodities. These prices were then expressed as percentage 
relatives; that is, the prices in 1500 were each taken as 100 and the prices 
in 1750 were expressed relatively to their corresponding prices for the year 
1500. Carli then averaged the three percentage relatives of the year 1750 
arithmetically, and the resulting relative was his index of the change in 
prices between the years 1500 and 1750.

Since the time of the introduction of Carli’s simple index number, 
the use of index numbers has increased until now we have indexes (some 
of them based upon hundreds of items) of wholesale and retail prices, 
general business conditions, financial situations, prices of stocks and 
bonds, commodity market growth, and other changes in business activi
ties. The use and value of both general and special index numbers have 
increased very rapidly with the growing interest in statistics.

Illustration of the Purpose of Index Numbers.—In Exhibit 91, the 
prices of 24 commodities from 1910 to 1937 are charted. In each curve 
the relative changes in a particular commodity price can be compared. 
Also, since all of the curves are presented upon the same logarithmic 
scale, it is possible to compare the changes in each commodity price with 
the changes in all of the other commodity prices during the years shown. 
But will such a detailed comparison of 24 curves indicate the change in 
the group as a whole? Can an accurate interpretation of the movement 
of the entire group of commodity prices be obtained from a study of 
these individual curves or from a study of each of the series of data which
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they represent? I t will be noted that the units differ greatly and that the 
changes vary greatly in direction and in relative magnitude. Can a 
picture of the composite change in the group as a whole be obtained?

Clearly, a device which would summarize the movement of the whole 
group and which, at the same time, would be sensitive to the movement 
and to the influence of each individual element of the group in its proper 
relation to the whole, would be of great practical usefulness. To do 
this is the purpose of an index number. An index number is not only 
capable of summarizing masses of data, but, as will be noted later, it is 
capable of being so constructed that it will be more sensitive to a certain 
element or group of elements than to others, which procedure may be 
desirable for special purposes.

Instead of representing the difficulty of obtaining an accurate con
ception of the movement in the prices of 24 commodities as a whole, 
Exhibit 91 might quite as readily have represented the movement of 
the production of 24 flour mills, the revenues of 24 different railroads, 
the deposits of 24 banks, the meals served by 24 restaurants, the auto
mobiles produced by 24 different manufacturers, the number of persons 
employed in 24 factories, the sales of 24 retail stores, or other similar 
data. I t  suggests the need for some device by which the movements of 
complex groups can be portrayed accurately, and it illustrates the diffi
culty of obtaining an accurate picture of complex groups without the use 
of some summarizing device such as an index number. W ithout this 
device, no definite knowledge of the changes in a complex group of 
variables can be obtained. Are prices higher today than last year; are 
wages higher; are building costs higher; is industrial activity greater? 
Knowledge of every individual price, wage, building cost, or production 
change will not answer these questions. To obtain a definite picture, 
the individual price changes, wage changes, etc., must be summarized in 
a composite expression. This is both the nature and the value of an 
index number, as applied to problems of measuring business activity. 
I t  is an “indicator” of the composite variation in a large number of elements. 
In many instances, the variations in a number of individual series are 
not indicative, and it is only when they are properly merged that they 
are definitely significant.

Present-day Use of Index Numbers in Business.—As a statistical 
device, the chief purpose of present-day index numbers in the business 
world is to measure business conditions, either generally as to a wide 
range of business activities, or specifically as to one or a few phases of 
business activity. Carli, in the eighteenth century, had a particular pur
pose in inventing an index number to measure the change in the general 
price level, although he used but three commodity prices to represent the 
entire price field. The price level is one of the most important subjects
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of index-number studies, and we have today many published index 
numbers which indicate the changes in price conditions in the wholesale 
field and in the retail field. 1 Other index numbers are published regularly 
to indicate changes in the volume of trade, in stock and in bond prices, 
in production of commodities, in the cost of living, and in many other 
business data. Some of these indexes have a general purpose, such as 
the measurement of the cost of living throughout the United States or the 
volume of trade in the country as a whole. Other indexes are prepared, 
although not always published, for special purposes, such as the cost of 
living among the factory workers of a certain factory, or the volume of 
trade in one class of commodities within a small area.

Importance of Proper Construction.—If properly constructed, an 
index number is of great value; if not properly constructed, it is a danger
ous device. I t  will be readily recognized that the problem of measuring 
changes in the general level of prices, for example, is not an easy one. 
Thousands of commodities are dealt in daily. For some commodities, 
representative prices are easily obtained; for others they are not. While 
some prices are advancing from day to day, others are declining. Also, 
in the general price level, some commodities are of far greater importance 
than others. These und many other obstacles must be overcome in 
obtaining one figure—an index number—to represent the change in 
the entire price level from one period to another.

Steps in the Selection and Construction of an Index Number.— 
Although the conditions under which index numbers are constructed are 
not uniform, in general the steps are as follows:

1. Definition of the purpose of the index number. U ntil the  purpose for which it  is 
to  be used is clearly and  exactly stated, decisions can no t be m ade in th e  steps th a t  
follow.

2. Determination of the number and the kinds of units in  which the data are to be 
collected. Specifically, if we are seeking an  index of wholesale prices, how m any 
comm odity prices are to  be included, and which of the thousands of item s th a t might 
be chosen shall be used to  represent all wholesale prices? Also, will price quotations 
be for dozens, tons, pounds, bushels, or some o ther u n it of m easure?

3. Determination of the relative importance of the items selected and the assignment of 
weights to these items. Obviously sugar is more im portan t th an  nutm egs, b u t to  w hat 
degree? This problem of weighting will be considered a t  length la ter in th is chapter.

4. Decision as to the sources from  which the data are to be collected and the methods of 
collection. C otton prices and w heat prices are quoted on several exchanges and in 
local m arkets. O ther items, such as machinery, furniture, or clothing, are no t regularly 
sold in exchanges or auctions, and a definite price m ay be more difficult to  obtain. 
Care m ust be taken  th a t  the quotations are representative. I t  frequently  happens 
th a t the prices quoted do no t represent im portan t volumes of transactions, because 
large purchases m ay be made on the basis of long-time contracts, and the m arket prices

1 See the discussion of published index num bers a t  the end of this chapter.
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m ay apply only to  a very small volume of goods. In  all cases, however, definite 
decisions m ust be made as to  w hat sources of quotations shall be used.

5. Collection of the data. In  collecting data , i t  is essential th a t  the decisions m ade 
in  the  four preceding steps be constantly  kep t in mind. For example, in collecting 
prices for a  given m onth, the question will arise as to w hether the opening price on the  
first day  of the m onth, the average price of th e  day, the  closing price of th e  day, one 
of these prices on the fifteenth day, an average of daily opening prices for the m onth, 
etc., is to  be obtained. This is a  problem of the kind of unit, and it  should be deter
mined in connection w ith Step 2.

6. Choice of the general method of calculating the index number itself from  the data 
collected. In  the pages th a t follow, a num ber of the m ethods th a t are commonly used 
in calculating business index num bers will be described and illustrated.

7. Selection of the basis of reference, or “ base period,” i f  one is used. As described 
previously, it  is usual to  base index num bers upon the value for a given period, which 
is taken  as 100. Problems in selecting this base period will be considered later.

8. Selection of the form  for final expression and completion of the arithmetical com
putations. Usually, the final form for expression of the index num ber is a percentage 
relative—th a t is, on the basis of 100. Sometimes, however, a  sum to ta l of the items 
a t  a given date is used as the final form. Various procedures will be illustrated  in 
certain m ethods of computing index numbers, which are described below.

Methods of Calculating Index Numbers.—There are many ways of 
calculating index numbers, but only a few of the more important will be 
described here. They are as follows:

A . Aggregates.
1. Unweighted to tals of actual prices (or other data).
2. W eighted to tals of actual prices (or other data).

B. Averages of Percentage Relatives.
1. Unweighted averages.

a. Arithm etic mean.
b. Median.
c. Geometric mean.

2. W eighted averages.
a. A rithmetic mean.
b. Geometric mean.

C. F isher’s “ Id ea l” Index Number.

Each of the methods will be described by giving the steps in the calcula
tion, and by showing an illustration of the calculation. In order to 
facilitate comparison of the different methods and their results, the same 
original data (the prices of 11 basic commodities for the year 1926 and 
the month of January 1938) have been used. In the illustrations the 
methods are applied to prices, but they may also be applied to general 
business conditions, industrial production, trade, factory employment, 
retail sales, and many other types of data . 1

1For additional inform ation on index numbers, see F. C. Mills, “ S tatistical 
M ethods,” 2nd. ed., Chaps. VI and IX , H enry H olt and  Company, New York, 1938; 
and Bulletin 284, United S tates Bureau of Labor Statistics (see footnote p. 203).
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Unweighted Aggregative Index Number.—This index number is 
sometimes called a “ simple ” aggregative index number. The steps in its 
calculation are:

1. Express th e  item s in term s of some common basis of m easurem ent (such as 
dollars in the  case of prices).

2. Find the to ta l of the values of the  item s for both  the base period and  the period 
for which the index is being computed.

3. Divide the to ta l for the period for which th e  index is to  be found by  the to tal 
for the base period and  point off as a percentage or m ultiply by 100 (to express the 
result as a percentage relative). The result is the unw eighted aggregative index 
number.

Exhibit 92 shows the computation of an index number of the prices of 11 
basic commodities in January 1938 as compared with the year 1926, by the 
method of unweighted aggregates.

Commodities* U nits of 
quotation

1926
prices

January  1938 
prices

Bushel $ 1.542 $ 0.978
100 pounds 13.115 8.605
Pound .170 .084

W ool................................................................ Pound .457 .318
Pound .043 .032

H ides............................................................... Pound .140 .141
C oal................................................................. N et ton 4.314 4.441

Barrel 1.884 1.160
Gross ton 20.616 25.890

L um ber......................................................... 1,000 feet 45.109 43.740
R ubber......................................................... Pound .487 .148

$87.877 $85.537

Divide to ta l of January  1938 prices by to ta l of 1926 prices and point off as a 
percentage or m ultiply by 100. T hus: ($85.537 + $87.877)100 =  97.34.

* The following bulletins of the  United S tates Bureau of Labor Statistics were the  sources of prices 
and  weights used in th is chapter in the  illustrations of the  com putation of index num bers: Bulletin  453, 
“ Revised Index N um bers of W holesale Prices, 1923 to  Ju ly  1927" (for average prices for 1926 and 
weights); Jan u a ry  1938 Bulletin, “ Average W holesale Prices and Index Num bers of Individual Com 
m odities” (for average prices for January  1938).

The price quotations are for the  following classes of commodities: wheat, cash— num ber 2, red win
ter, Chicago; hogs, Chicago— good to  choice, ligh t butchers; cotton, middling— G alveston ; wool, Boston 
—domestic— Ohio, grease basis— medium grades; sugar, New York— raw, 96 degrees centrifugal; 
hides, Chicago— packers’— heavy native steers; b itum inous coal (composite price)— mine run ; petro 
leum, crude, wells— K ansas-O klahom a; pig iron— foundry, num ber 2, northern, P ittsbu rgh ; lum ber— 
pine, yellow, flooring, m ill; and  rubber, crude, New York— plan ta tion , ribbed, smoked sheets.

The weight assigned to  each com m odity quo ta tion  in the  illustrations presented la te r in th is  chapter 
is the  to ta l weight assigned to  all quotations of th e  com m odity by the  B ureau of Labor S tatistics. 
These were determ ined by th a t  bureau from  d a ta  for th e  years 1923 to  1928.

E x h i b i t  92.— Calculation of unweighted aggregative index number.
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From this calculation the unweighted aggregative index number for 
January 1938 is found to be 97.34, which indicates a net decrease of less 
than 3 per cent for the period from 1926 to January 1938.

The chief advantage of this index number is tha t it is simple to 
compute. I t  is merely the percentage tha t the total of prices for a given 
period is of the total of prices for a base period.

A very important disadvantage of this index number is tha t it is easily 
influenced in such a manner as to give biased results when some of the 
elements used in its construction are quoted in units which differ from 
the others by large amounts. Thus, if one changes the method of 
quoting pig iron in the above illustration to a price per pound, the index 
number is 88.69 instead of 97.34; if the cotton price is changed to a price 
per 500-pound bale, the index is changed from 97.34 to 73.80; if the quota
tion for hides is changed from a price per pound to a price per 10 0  pounds, 
the index number becomes 97.80 instead of 97.34; and if the quotation 
for rubber is changed to a unit of 100 pounds, the index number is 73.62. 
Again, so far as an effect upon the final index found is concerned, a change 
of 25 per cent in the price of lumber has more than 1,000 times as much 
influence upon the index as a change of 25 per cent in the price of sugar, 
because the magnitude of the former is more than 1 ,0 0 0  times the latter. 
That is to say, the influence of each item upon the resulting index number 
depends upon its size in relation to the sum of all the items. In Exhibit 
92, the sum of all the items consists chiefly of the prices of lumber, pig 
iron, and hogs; and the items of sugar, cotton, and hides have very little 
influence upon the total. Clearly, unless it is desired to give more weight 
to certain items than to other items, the unit of quotation should be such 
that the size of the price per unit is as nearly uniform as possible (at least 
in the base year). If the unit of quotation is not uniform, the items will 
be unequally weighted.

Computation of Weighted Aggregative Index Number.—The steps 
involved in the computation of this index number are as follows:

1. M ultiply each item , bo th  in  th e  base period and  in  th e  period for which the 
index num ber is being computed, by  the weight used for each respective item . (Thus, 
if a price index is being com puted, th e  weight by  which each price is m ultiplied is 
usually th e  q u an tity  produced or m arketed. Problems involved in th e  determ ination 
of the proper weights for index num bers of prices are discussed la te r in this chapter.)

2. F ind  th e  to ta l of th e  results in  Step 1 for bo th  th e  base period and  the period 
for which the index is being computed.

3. Divide th e  to ta l for th e  period for which the index is being com puted by the 
to ta l for th e  base period and point off as a  percentage or m ultiply by  100. The result 
is the index num ber (expressed as a percentage of the figure for th e  base period).

Exhibit 93 shows the computation of a weighted aggregative index 
number for the prices of the 11 basic commodities for January 1938 as 
compared with the year 1926.
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As indicated by Step 3, this index number is usually expressed in the 
form of the percentage relation of totals, although it may be expressed 
merely as the totals themselves (Step 2) . 1 In general, it is one of the best 
index numbers for practical use, since it weights each item in propor
tion to both its price and quantity.

Commodities U nits of 
quotation

1926 
prices 

(in dol
lars)

January  
1938" 

prices 
(in dol

lars)

Weights*
(in

thousands)

T otal values 
a t  1926 
prices 

(in thou
sands of 
dollars)

T otal values 
a t January  
1938 prices 

(in thou
sands of 
dollars)

W h eat............. Bushel 1.542 .978 628,711 969,472 614,879
H ogs............... 100 pounds 13.115 8.605 123,305 1,617,145 1,061,040
C o tto n ............ Pound .170 .084 6,629,267 1,126,975 556,858
W ool................ Pound .457 .318 426,910 195,098 135,757
S ugar.............. Pound .043 .032 10,360,669 445,509 331,541
H ides............... Pound .140 .141 1,330,230 186,232 187,562
C oal................. N et ton 4.314 4.441 496,244 2,140,797 2,203,820
Petro leum . . . . Barrel 1.884 1.160 811,265 1,528,423 941,067
Pig iro n .......... Gross ton 20.616 25.890 8,594 177,174 222,499
L um ber........... 1,000 feet 45.109 43.740 30,822 1,390,350 1,348,154
llu b b e r........... Pound' .487 .148 740,725 360,733 109,627

T o ta l.......... 10,137,908 7,712,804

Dividing the  to ta l value in January  1938 by the to ta l value in 1926 (7,712,804 
10,137,908) and  pointing off as a percentage or multiplying by 100, one finds the index 
num ber for January  1938 to  be 76.08.

* See footnote in E xh ib it 92 for source of weights used.

E x h i b i t  9 3 .— Calculation of weighted aggregative index num ber.

Percentage Relatives.—The second general method of computing 
index numbers is that of averaging percentage relatives (see group B  on 
page 188). Before describing the various forms of index numbers con
structed under this general method, it is essential that we become 
thoroughly familiar with the term “ relatives,” which is more accurately 
described as “ percentage relatives.” This term is used to indicate the 
percentage ratios of the items to a certain base. If wheat were 80 cents 
a bushel in 1935 and 90 cents in 1938, the percentage relative for wheat in 
1938 on a 1935 base would be said to be 112.5. 2 The percentage relative

1 Two of the best known indexes of wholesale prices in the U nited States (Brad- 
stree t’s and D un’s) were no t expressed as percentage relatives, b u t as to tals in dollars 
and cents. (These indexes were discontinued in  1937.)

2 Simple percentage relatives are sometimes referred to  as “ index num bers” in cer
tain  publications. In th is book, the term  “ index num ber” is not applied to a “ per-
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P i g  I r o n  P r o d u c t io n  i n  t h e  U n i t e d  S t a t e s , 1925-1937

Years
Production 

(in thousands 
of tons)

Percentage relatives 
1931 =  100

(m)

Percentage relatives 
1933 =  100

(n)

1925 36,408 199 276
1926 39,072 214 296
1927 36,228 198 274
1928 37,836 207 286
1929 42,288 231 320
1930 31,404 172 238
1931 18,276 100 138
1932 8,688 48 66
1933 13,212 72 100
1934 15,912 87 120
1935 21,012 115 i59
1936 30,624 168 232
1937 36,612 200 277

E x h ib it  944 .— Actual d a ta  and percentage relatives with two different bases.

MILLIONS 
OF PER 

TONS CENT

5 0  5 0 0  

4 0  4 0 0

ACTUAL DATA AND PERCENTAGE 
RELATIVES COMPARED

DATA-UNITED STATES PIG IRON PRODUCTION 
1925 -1 9 3 7

1931 = 100

1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937

E x h ib it  9 4 5 . —Comparison of relative fluctuations of actual da ta  and percentage relatives
with different bases.

centage relative,” unless it  is also an index num ber in th e  sense th a t  it  is an indicator 
of the composite variation in a large num ber of elements, as previously explained.
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for any other commodity would be obtained in the same manner. Simi
larly, if one were considering the cost of living in the different states of 
the United States, one might speak of the percentage relative of the cost 
of living in Texas as compared with the average cost in all the states.

The table in Exhibit 94A shows the percentage relatives of the produc
tion of pig iron in the United States with two different years chosen as 
the bases of reference. In the first column of percentage relatives 
(marked m) the production of each year is stated as a percentage of the 
production of 1931; that is, the amount of production in each year has 
been divided by the amount of production in 1931 and the quotient 
has been pointed off as a percentage or multiplied by 100. In the second 
column of percentage relatives (marked n) the basis of reference is 1933.

Commodities
U nits of 

quotation
1926

prices

1926
percentage

relatives

January
1938

prices

January  1938 
percentage 

relatives

W h eat........................... Bushel S 1.542 100.0 $ 0.978 63 .4
H ogs.............................. 100 pounds 13.115 100.0 8.605 65 .6
C o tto n .......................... Pound .170 100.0 .084 49.4
W ool............................. Pound .457 100.0 .318 69.6
S ugar............................. Pound .043 100.0 .032 74.4
H ides............................ Pound .140 100.0 .141 100.7
C oal............................... N et ton 4.314 100.0 4.441 102.9
P etro leum .................... Barrel 1.884 100.0 1.160 61 .6
Pig iron ........................ Gross ton 20.616 100.0 25.890 125.6
L um ber........................ 1,000 feet 45.109 100.0 43.740 97.0
R u b b er......................... Pound .487 100.0 .148 30.4

E x h i b i t  9 5 .— Calculation of percentage relatives of eleven basic com m odity prices for 
Jan u ary  1 9 3 8 ,  using 1 9 2 6  as 1 0 0  per cent.

I t  is customary, when stating the basis of reference of percentage relatives, 
to state it: “ 1931 = 100” or “ 1933 = 100,” as illustrated at the tops 
of the last two columns of the table in Exhibit 94/1.

Exhibit 94B shows on a semi-logarithmic chart both of the series of 
percentage relatives, and the actual production of pig iron. The percent
age relatives, it will be noted, form two curves which are identical in 
shape with the curve of actual production. (The reduction of widely 
differing series to percentage relatives, for purposes of ready comparison, 
has many uses other than as index numbers.)

In Exhibit 95, a second table of simple percentage relatives is given 
for the prices of 11 basic commodities in January 1938 as compared with 
the year 1926.

It will be noted that the percentage relatives for all of the commodities 
are 100 per cent in 1926. This is because each of the prices for 1926 was
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used as the basis of reference. I t  follows that any kind of average of the 
1926 percentages is 100 per cent. In most index number calculations, it 
is not necessary to insert the 10 0  per cent column, since it is always the 
same and can be assumed. In the illustrations given in the following 
examples, it has been omitted.

Unweighted Arithmetic Mean of Relatives Index Number.—The steps 
in the calculation of this index number are:

1. Express each item  in the  period for which the index num ber is being calculated 
as a percentage (or “ percentage re la tive” ) of the same item  in the base period. 
(T ha t is, divide the value of each item  in the period for which the index is calculated 
by its  value in the base period and point off as a percentage or m ultiply by 100.)

2. Add th e  percentages obtained in Step 1.
3. Divide b y  th e  num ber of items, i.e., the num ber of percentages computed in 

Step 1. The result is the index number.
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Exhibit 96 shows the computation of an unweighted arithmetic mean of 
relatives index number of the prices of 11 basic commodities for January 
1938 as compared with the year 1926.

Commodities U nits of 
quotation

1926
prices

January  1938 
prices

January  1938 
percentage 

relatives

W heat........................................... Bushel $ 1.542 $ 0.978 63.4
H ogs.............................................. 100 pounds 13.115 8.605 65.6
C o tto n .......................................... Pound .170 .084 49.4
W ool.............................................. Pound .457 .318 69.6
Sugar............................................. Pound .043 .032 74.4
H ides............................................. Pound .140 .141 100.7
C oal............................................... N et ton 4.314 4.441 102.9
P etro leum .................................... Barrel 1.884 1.160 61.6
Pig iro n ........................................ Gross ton 20.616 25.890 125.6
L um ber......................................... 1,000 feet 45.109 43.740 97.0
R ubber......................................... Pound .487 .148 30.4

T o ta l......................................... 840.6

Divide the to tal of the January  1938 price relatives by the num ber of items 
(840.6 -5- 11) =  76.4.

E x h ib it  96.— Calculation of unweighted arithm etic m ean of relatives index number.

From the calculation, we find the index number for January 1938 to be 
76.4. This value (76.4 for January 1938) shows the average percentage 
change from 1926, taking 1926 (the base year) as 100 per cent. The 
conclusion from this calculation would be that prices, on the average, 
declined by approximately 24 per cent during the interval from 1926 
to January 1938.
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The strength of this index number lies in its relative' ease of calculation 
and in the ease with which it may be understood.

The peculiar shortcomings of this index number are that it may be 
unduly influenced by items of small importance and that it responds more 
readily to an upward movement than to a downward movement. The 
first shortcoming may be illustrated by imagining that we had included 
in our calculation some element of little importance, such as the price of 
carpet tacks, which, let us suppose, had risen from 3 cents a box to 15 
cents a box, an increase of 400 per cent, giving a percentage relative of 
500 for January 1938. Adding 500 per cent to 840.6 per cent and dividing 
by 12 instead of 11 gives an index number of 111.7 which would indicate 
tha t prices rose nearly 1 2  per cent, whereas from the viewpoint of the 
average person they fell nearly 24 per cent. The second shortcoming 
is a bias which is always found in the arithmetic average of relatives. The 
bias arises from the fact that the upward change in the price of any 
commodity may be indefinite, whereas the downward movement is 
limited to 100 per cent. Thus, if the price of wheat moves upward from 
99 cents to $2.99, the upward change would be greater than 100 per cent. 
However, it cannot move more than 100 per cent in the downward 
direction (see also pages 177 and 178), for, if a price decreases 100 per cent 
of itself, it becomes zero.

Unweighted Median of Relatives Index Number.—The steps in the 
calculation of this index number are:

1. Express each item  in the period for which the index num ber is being calculated 
as a  percentage (or “ percentage re la tive” ) of the same item  for the base period.

2. Form  an array  of the percentages obtained in Step 1.
3. Find the m edian percentage, which will be the index number.

Exhibit 97 shows the computation of an unweighted median of relatives 
index number of the prices of 11 basic commodities1 for January 1938 as 
compared with the year 1926. From this index number (69.6) we would 
draw the conclusion that prices declined over 30 per cent for the period 
1926 to January 1938.

The median is not influenced by unusual items which show a large 
change to any greater extent than by items of small change. I t  also 
possesses the very desirable characteristic of being easily calculated.2

1 If there is an  even num ber of items instead of an odd num ber as in Exhibit 97, 
it is custom ary to find the median by taking a point midway between the two mid
values.

2 The m edian possesses another characteristic which should be mentioned. I t  is 
not ordinarily susceptible to  weighting, and never is unless the weights m ay be 
expressed in whole numbers. W henever the m edian is weighted, however, it  becomes 
a somewhat artificial type, unless m any elem ents are being used in computing the 
index number.
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However, it is often desirable that the index number be computed in 
such a way that the influences of extreme variations are recognized. In 
such cases, the method of the median of relatives is not to be recom
mended. Also, it is not a trustworthy method in cases where only a small

Commodities
U nits of 

quotation
1926

prices
January  1938 

prices

January  1938 
percentage 

relatives

W h ea t........................................... Bushel $ 1.542 $ 0.978 63.4
H ogs.............................................. 100 pounds 13.115 8.605 65.6
C o tto n .......................................... Pound .170 .084 49.4
W ool.............................................. Pound .457 .318 69.6
Sugar............................................. Pound .043 .032 74.4
H ides............................................. Pound .140 .141 100.7
C oal............................................... N et ton 4.314 4.441 102.9
Petro leum .................................... Barrel 1.884 1.160 61.6
Pig iro n ........................................ Gross ton 20.616 25.890 125.6
L um ber......................................... 1,000 feet 45.109 43.740 97.0
R ubber......................................... Pound .487 .148 30.4

The percentages array  as follows: 30.4, 49.4, 61.6, 63.4, 65.6, 69.6, 74.4, 97.0, 
100.7, 102.9, 125.6. Five item s are larger than  69.6 and  five are sm aller than  69.6. 
The median item  is, therefore, 69.9, the index num ber sought.

E x h i b i t  97.— Calculation of unweighted m edian of relatives index number.

number of items are included; probably it should not be used unless there 
are 50 or more items.

Unweighted Geometric Mean of Relatives Index Number.—The 
steps in the calculation of this index number are :

1. Express each item  of the period for which the index num ber is being calculated 
as a percentage (or “ percentage re la tive” ) of the same item  in the base period.

2. Find the logarithm  of each percentage found in Step 1.
3. Add the logarithm s found in Step 2.
4. Divide by the num ber of logarithms. T h a t is, find the arithm etic mean of the 

logarithms.
5. Find the antilogarithm  of the quotient in Step 4." This is the index number.

Exhibit 98 shows the computation of an unweighted geometric mean of 
relatives index number of the prices of 11 basic commodities for January 
1938, as compared with the year 1926. From the calculation, the geo
metric mean is found to be 71.6, which is the index number sought, and 
from which one would conclude tha t the prices of the 1 1  basic commodi
ties declined over 28 per cent from 1926 to January 1938.

The geometric mean, while somewhat more complicated than the 
indexes computed thus far, has the important advantage of possessing 
no bias and being affected as easily by a rise as by a fall in prices. How
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ever, it is influenced to a relatively greater extent by small changes than 
by large changes, the effect of changes in the various items being in pro
portion to the logarithms of the percentage changes, and not in proportion 
to the absolute percentage changes, as is the case in the arithmetic mean 
of relatives. The geometric mean has a decided disadvantage in tha t it 
is somewhat difficult to explain to persons not versed in mathematics.

Commodities U nits of 
quotation

1926
prices

January  1938 
prices

January  1938 
percentage 

relatives

Logarithms
of

relatives

W h ea t................ Bushel $ 1.542 $ 0.978 63.4 1.80209
H ogs................... 100 pounds 13.115 8.605 65.6 1.81690
C o tton ............... Pound .170 .084 49.4 1.69373
W ool.................. Pound .457 .318 69.6 1.84261
S ugar.................. Pound .043 .032 74.4 1.87157
H ides.................. Pound .140 .141 100.7 2.00303
C oal.................... N et ton 4.314 4.441 102.9 2.01242
P etro leum ......... Barrel 1.884 1.160 61.6 1.78958
Pig iro n ............. Gross ton 20.616 25.890 125.6 2.09899
L um ber.............. 1,000 feet 45.109 43.740 97.0 1.98677
R ubber.............. Pound .487 .148 30.4 1.48287

20.40056

Divide to ta l of logarithm s by num ber of item s (20.40056 11) =  1.85460.
Find antilogarithm  of quotient (1.85460) which is 71.6, the index num ber sought. 

E x h ib it  98.— Calculation of unweighted geometric mean of relatives index num ber.

Computation of Weighted Arithmetic Mean of Relatives Index 
Number.—The steps in the computation of the weighted arithmetic 
mean of relatives index number are as follows:

1. Express each item  of the period for which the index num ber is being calculated 
as a percentage (or “ percentage re la tive” ) of the same item  in the base period.

2. M ultiply the percentages, as found in Step 1 for each item , by the weight which 
has been assigned to  th a t item. (The type of weight to be used is discussed in subse
quent paragraphs.)

3. Add the results obtained from the several m ultiplications carried ou t in Step 2.
4. D ivide th e  sum obtained in Step 3 by th e  sum of the weights used. The result 

is the index num ber.

Exhibit 99 shows the computation of a weighted arithmetic mean of 
relatives index number of the prices of 1 1  basic commodities for January 
1938, as compared with the year 1926, which is 76.0. From this calcula
tion, we would draw the conclusion that prices declined 24 per cent during 
the interval from 1926 to January 1938.
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The weighted arithmetic mean of relatives corrects some of the difficul
ties mentioned in the unweighted arithmetic mean of relatives index. 
Che degree to which it is representative of the various elements depends 

upon the weights assigned to the elements.

Commodities Units of 
quotation

1926
prices

January
1938

prices

Weights
assigned

January  1938 
percentage 

relatives

Weights
times

relatives

W heat................... Bushel $ 1.542 $ 0.978 9.6 63.4 608.64
H ogs...................... 100 pounds 13.115 8.605 16.0 65.6 1,049.60
C o tton .................. Pound .170 .084 11.1 49.4 548.34
W ool...................... Pound .457 .318 1.9 69.6 132.24
Sugar..................... Pound .043 .032 4 .4 74.4 327.36
H ides..................... Pound .140 .141 1.8 100.7 181.26
C oal....................... Net ton 4.314 4.441 21.1 102.9 2,171.19
Petroleum ............ Barrel 1.884 1.160 15.1 61.6 930.16
Pig iro n ................ Gross ton 20.616 25.890 1.7 125.6 213.52
L um ber................. 1,000 feet 45.109 43.740 13.7 97.0 1,328.90
R ubber................. Pound .487 .148 3 .6 30.4 109.44

T o ta l................. 100.0 7,600.65

Dividing 7,600.65 by 100.0 we obtain 76.0* which is the index number.

* T he weighted a rithm etic  m ean of relatives and the  weighted aggregative indexes are identical if 
th e  weights assigned to  the  form er are proportional to  th e  to ta l values of th e  item s in the  base year.

E x h i b i t  99.— Calculation of weighted arithm etic m ean of relatives index number.

Computation of Weighted Geometric Mean of Relatives Index 
Number.—The weighted geometric mean of relatives index number is 
computed in the same manner as the unweighted geometric mean of 
relatives index number, which is described on pages 196 and 197, except 
that weights are introduced by applying them to the logarithms of the 
relatives. The steps are:

1. Express each item  of the period for which the index num ber is being calculated 
as a  percentage relative of the sam e item  in th e  base period.

2. Find the logarithm  of each percentage relative found in Step 1.
3. M ultiply the logarithms by the weights assigned.
4. Add the results obtained in Step 3.
5. Divide the to ta l obtained in Step 4 by  the sum of the weights.
6. F ind th e  antilogarithm  of the quotient obtained in Step 5. This is th e  weighted 

geometric average (or m ean) of relatives index num ber.

In Exhibit 100, the computation of the weighted geometric mean of 
relatives index number is shown for the prices of 1 1  basic commodities 
in January 1938 as compared with the year 1926. Computed by this 
method, the index number is 72.7. From a mathematical standpoint, the
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weighted geometric mean of relatives is an excellent method for computing 
index numbers. Because of the labor of computation it is not often used 
where many items are included in the index.

Com
modities

U nits of 
quotation

1926
prices

January
1938

prices

January
1938
per

centage
rela
tives

Loga
rithm s of 
relatives

Weights
assigned

Weights 
times 

logarithms 
of relatives

W heat . . . . Bushel $ 1.542 $ 0.978 63.4 1.80209 9 .6 17.300064
H ogs.......... 100 pounds 13.115 8.605 65.6 1.81690 16.0 29.070400
C o tto n . . . . Pound .170 .084 49.4 1.69373 11.1 18.800403
W ool.......... Pound .457 .318 69.6 1.84261 1.9 3.500959
Sugar.......... Pound .043 .032 74.4 1.87157 4 .4 8.234908
Hides.......... Pound .140 .141 100.7 2.00303 1.8 3.605454
Coal............ N et ton 4.314 4.441 102.9 2.01242 21.1 42.462062
Petro leum . Barrel 1.884 1.160 61.6 1.78958 15.1 27.022658
Pig iron . . . Gross ton 20.616 25.890 125.6 2.09899 1.7 3.568283
L um ber.. . . 1,000 feet 45.109 43.740 97.0 1.98677 13.7 27.218749
R ubber.. . . Pound .487 .148 30.4 1.48287 3 .6 5.338332

T ota l... . 100 0

Dividing 186.122272 by 100.0 we obtain 1.86122272.
Find antilogarithm  of quotient (1.86122272), which is 72.7, the index num ber 

sought.
E x h ib it  100. Calculation of weighted geometric m ean of relatives index number.

Fisher’s “Ideal” Index Number.—This index number is really the 
geometric mean of two index numbers. The steps in its calculation are 
as follows:

1. Com pute a  weighted aggregative index num ber for the period for which the 
“ idea l” index is to  be calculated, using as weights the quantities of the base year.

2. Compute a weighted aggregative index num ber for the period for which the 
“ ideal” index is to  be calculated, using as weights the quantities of the period for 
which the index is to  be calculated.

3. F ind the geometric m ean of the two index num bers found in Steps 1 and 2. 
This is the “ idea l” index number.

The “ ideal” index number is a compromise of two systems of weights. 
I t  possesses the very desirable characteristic, when used in computing a 
price index, of making it possible to take into consideration changes in 
the demand for, or consumption of, commodities. However, it is often 
impractical for ordinary business problems, not only because of the time 
and effort required in its computation, but also because it is necessary to 
obtain new weights constantly. In many cases it is particularly difficult 
to obtain the data for new weights based upon recent periods.
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Nature and Purpose of Weighting Index Numbers.—Whether an 
index number is obtained by one of the methods of averaging relatives, or 
whether it is the aggregate of actual items, it is usually advisable to apply 
weights to the individual elements. In almost any collection of numerical 
data covering a group of complex phenomena, it will be found that the 
items are of varying importance. If weights are not scientifically 
assigned to the items, the importance given to each item in the determina
tion of the index number will either be a m atter of chance occurrence or 
will be determined by irrelevant factors. I t  is to be observed that it is 
not possible to construct any index number without weighting the compo
nent items in some manner; even where weights are not recognized, they 
exist. Therefore, an intelligent analysis of the weighting problem is 
desirable in constructing any index number, even though it may be found 
in some instances that the inherent weights obtained in the so-called 
“ unweighted” index are satisfactory for the problem at hand.

In considering the problem of weighting index numbers, one must 
not be confused by the mass of detail and lose sight of the main objective 
which is to apply some device or method whereby each commodity shall 
exercise an influence upon the final results proportionate to its relative 
importance. Obviously, the best data with which to determine the rela
tive importance of each commodity in a general wholesale price index, 
for instance, would be the quantities sold at wholesale but, as these 
data are not available for many commodities, production figures are 
commonly used as the best available substitute. If the problem is one 
of measuring the cost of living and it is necessary to weight retail prices, 
the corresponding sales transactions are ordinarily too far removed 
from production, both in time and place, anci, consequently, production 
figures will not furnish satisfactory weights. The proportionate expendi
tures upon the different articles as indicated by representative family 
budget data, however, will make appropriate weights for application to 
retail prices of consumers' goods.

Methods of Weighting Index Numbers.—There are three types of 
weights which may be used in index-number computations, but each type 
is applicable only under certain general methods of computation. These 
types or systems of weights are (1 ) physical quantities, (2 ) monetary 
values, and (3) arbitrary magnitudes. The first type, physical quantities, 
should be used only when the method of aggregates is the method of 
calculating the index number. The second, weights based on monetary 
values, should be used only in weighting relatives. The third, arbitrary 
magnitudes, is an unscientific method and ordinarily should be used only 
in the crudest forms of index numbers. However, in using an arbitrary 
weight, it is essential to recognize that the arbitrary weights which might
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be applied in calculating an index number by averaging relatives cannot 
be correctly applied in calculating an aggregative index number.

Physical quantities are properly used as weights when applied to 
actual prices or other values. Thus, it is proper to weight each price by 
the quantity produced, or marketed, or consumed, etc., in obtaining an 
index by the method of aggregates. This requires no adjustment or 
change in the weights; the quantity produced, or marketed, etc., is 
applied directly to the price of the article. An illustration of the applica
tion of these weights is given in Exhibit 93.

To obtain correct monetary value weights for index numbers which 
use weighted relatives, one must obtain the relative monetary value of 
each item, commodity, or article used in the index-number computation. 
In other words, the weight to be applied to each computed relative is 
determined by ascertaining the monetary importance of each type of 
commodity or article. This process is described in detail in the following 
paragraph, and applications of the weights obtained are given in Exhibits 
99 and 100.

Computation of Monetary Value Weights.—The steps in the computa
tion of weights according to this system are as follows:

1. M ultiply the price of each item  by the am ount of the item  in the period selected 
as the base for the weights.

2. Sum the results of Step 1.
3. Express each item  (money value) as a  percentage of the to ta l money value.1

Exhibit 101 illustrates the method used in calculating the weights used 
in the computation of the weighted arithmetic and the weighted geometric 
mean of relatives index numbers (see Exhibits 99 and 100).

The percentage, which the money value of each element is of the total 
money value, is shown in the last column, and is the weight determined 
for each of the elements in the group shown. If one of the elements 
should be omitted or dropped from the calculation, or if another element 
were added, all the weights should be recalculated. Essentially, both 
quantity and value weights represent proportions of a total—the former 
standing for the proportion of the total number of units, the latter indicat
ing the proportion of the total worth or value which each of the elements 
composes of the total money value.

The Base Period for Weights.—Just as index-number calculations are 
related to a base period, so also are weights usually selected as of some 
fixed period. In many instances weights are selected which represent 
conditions in the base period of the index number, as it is often found 
that when conditions appear best for the index base period, they also are

1 The easiest way to do th is is to  m ultiply each item  by the reciprocal of the to ta l 
and point off two places (or m ultiply by  100).
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best for the weights. If, however, either the physical quantities or 
monetary values in some other period appear to present more logical 
material for weighting, these data should be used. Thus, an index 
number based on the year 1925, for example, may have physical quantity 
or monetary value weights taken from data of the year 1923.

Commodities
- • - * * 

U nits of  ̂
quotation

1926 
prices 

(in dollars)

Weights* 
(in thou

sands)

T otal values 
a t  1926 
prices 

(in thou
sands of 
dollars)

Percentages 
of to ta l 
value

W heat...................... Bushel 1.S42 628,711 969,472 9 .6
H ogs......................... 100 pounds 13.115 123,305 1,617,145 16.0
C o tton ...................... Pound .170 6,629,267 1,126,975 11.1
W ool......................... Pound .457 426,910 195,098 1.9
Sugar............. ........... Pound .043 10,360,669 445,509 4 .4
H ides........................ Pound .140 1,330,230 186,232 1.8
C oal.......................... N et ton 4.314 496,244 2,140,797 21.1
Petro leum ............... Barrel 1.884 811,265 1,528,423 15.1
Pig iro n .................... Gross, ton 20.616 8,594 177,174 1.7
L um ber.................... 1,000 feet 45.109 30,822 1,390,350 13.7
R ubber..................... Pound .487 740,725 360,733 3.6

• 10,137,908 100.0

* See footnote in Exhibit 92 for source of weights used.
E x h i b i t  1 0 1 .—Calculation of weights based on monetary values.

Since the relative importance of one commodity in a group varies 
over a period in relation to the group as a whole, it follows that the 
weights should be revised from time to time. In making these revisions, 
the purpose of the index must be very definitely kept in mind. If it is 
to show price fluctuations only, care must be taken to see that an index 
change is not due to a change in weighting. For instance, if we were 
computing an annual index of wholesale prices, weighted on the basis of 
production data, and if we were setting up a new set of weights every 
year, we would not have an index of prices alone, but rather an index of 
total values of production. Consequently, if the aim is to show price 
changes alone as far as possible, revisions in weights must be made by 
periods much longer than those for which the prices are reported (such as 
once in a decade for the above index), and the weights may be adjusted 
between the dates for which they are taken so that the intervening change 
will be a gradual one corresponding to a straight line or a smoothed curve.

In considering the problem of prices and price indexes, however, 
it should be appreciated that “ since the importance of price fluctuations
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depends largely upon the accompanying changes in the quantity of goods 
bought, there is use for index numbers that do not attem pt to measure 
the price factor in isolation. By changing weights each year it is pos
sible to make these constantly occurring changes in quantities bought 
influence the price index, and therefore to secure results better fitted 
for certain uses than the results of an unambiguous measure of fluctua
tions in prices. ” 1 Again it should be emphasized that a precise under
standing of the purpose of an index is imperative before work is begun on 
its construction.

If a new base is selected for the index number, it is often advisable to 
change the weights to the new base a t the same time; similarly, if a new 
set of weights is introduced, it is often advisable to change the base period. 
When this practice can be followed, it is a valuable means of calling atten
tion to the fact that the new index is not strictly comparable to the old 
index number.

The General Problem of Weighting—Common Errors and Difficulties.
The problems of weighting are often confusing, even to those who are 
trained in the use of figures and who might be expected to have no diffi
culty in correctly solving them. The student should distinguish accu
rately (1 ) between a “ complete” arithmetic average and a weighted 
arithmetic average, and (2 ) between quantity weights and value weights. 
The importance of these distinctions may be emphasized by pointing out 
the fact that business men, even those who are adept at figures, often 
reach wrong conclusions because they do not understand clearly these 
factors in weighting. For instance, the N.R.A. Lumber Code provided 
that the minimum price of each product be based upon the weighted 
average of the cost per unit. In this connection, there was much con
fusion in the use of the term “ weighted average.” The drafters of the 
code probably intended to provide that a “ complete” average be used. 
But in the administration of the code, an average, weighted on the basis 
of value, was used, which resulted in inaccurate figures. In this case 
complete data were available, and if an average weighted on the basis of 
quantity had been used, the result would have been the same as the 
“ complete” average, and would not have been inaccurate, but the use of 
value weights exaggerated the effect of the price influence because of the 
fact tha t this influence was already included in the value figures.

The above problem of weighting may be explained by referring to the 
table in Exhibit 1 0 2 , which illustrates a price-index problem similar to the 
preceding code cost problem. In this problem the question is : W hat is 
the weighted average price of Product Z1 Column A in the table shows

1 Bulletin  284, “ Index Numbers of Wholesale Prices in the U nited S tates and Foreign 
Countries,” p. 66, U nited States Bureau of Labor Statistics, W ashington, D. C., 1921.
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the quantities produced by the different concerns in a particular industry, 
and column B shows the value of these products at the prices given in 
column C. If we divide the total of column B by the total of column A, 
the resulting figure (SI.15) is the true or “ complete ’’average based on the 
total value of the “ complete num ber” of units, and no weighting is neces
sary. If, however, our problem is to obtain a representative average of 
the unit price items in column C, and if the data in column A are not 
available, we would then have to weight the items in column C with the 
best available substitutes for the items in column A, which might be the 
quantities produced during some previous period.

For purposes of illustration, two sets of weights are shown in the table 
in Exhibit 102 (see columns E  and F). In order that the “ complete” 
average, quantity-weighted average, and value-weighted average may be 
easy to compare, they are all based on the same period, namely, that to 
which the production and prices apply. Column E  is a percentage 
distribution of the quantities in column A , and column F is a percentage 
distribution of the value figures in column B. The price items of column 
C, weighted by the quantity weights of column E, are presented in column 
G. The total of this column ((?) gives an average ($1.15) which is, of 
course, the same as the average obtained by dividing the total of the value 
of production (column B) by the total of the quantity produced (column 
A), and it is actually the true or “ complete” average rather than a 
weighted average, strictly speaking. However, the fact that these 
figures are the same shows that quantities rather than values should be 
used in computing a similar weighted average. Column H  shows the 
effect of weighting the items in column C by the value weights of column 
F and it is seen that the average obtained ($1.63) is much higher than the 
correct figure ($1.15).

The figure obtained by using value weights ($1.63) is incorrect because 
of the double influence of prices. The price influence appears both in the 
prices themselves and in the value of production. Suppose that we carry 
our illustration still further and assume that, instead of our question 
being: W hat is the average price per cubic foot? it is: What is the average 
number of cubic feet produced per dollar? Our problem is now one of 
cubic feet per dollar instead of dollars per cubic foot. In such an instance, 
if the quantity-per-dollar data in column D were weighted on the basis of 
the percentage distribution of the quantity units in column E, as shown in 
column I, the influence of the number of units would appear twice and 
the total (1.349) would not be the correct answer. However, if we weight 
the quantity items in column D by the value weights in column F, we will 
arrive at the correct answer (.869) which is the same as the figure obtained 
by dividing the total of column A by the total of column B.

In connection with the data of Exhibit 102, it should be emphasized 
that the complete data were used to illustrate methods of weighting for the
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specific purpose of facilitating ease of comparison, and it should be 
clearly understood that, under the usual circumstances, weights are used 
only when complete data are not available. When complete data are 
used the “ complete ” average should be computed as illustrated in Exhibit 
102 by dividing the total of column B  by the total of column A to obtain 
the average price per cubic foot (or by dividing the total of column A  by 
the total of column B  to obtain average cubic feet produced per dollar).

In  using the table in Exhibit 102 for purposes of illustration, the 
quantity weights were shown in column E  in terms of percentages to aid 
in making comparisons. This method of stating the weights facilitates 
computation for the reason that the process of “ dividing the total by the 
sum of the weights” involves simply dividing by 1  (10 0  per cent mathe
matically stated). I t  should be noted, however, that this procedure can 
be followed only when the quantities are stated in terms of a common unit 
(cubic feet in this instance). When the prices to be averaged are stated 
in terms of unlike units, they should be weighted directly by quantity 
data expressed in corresponding units as illustrated by the weighted 
aggregative index number calculation in Exhibit 93. If, however, rela
tive prices are being used, as in the weighted arithmetic mean of relatives 
index number in Exhibit 99, “ the weights should be reduced to a common 
denominator. As multipliers, of course, weights may be regarded as 
merely abstract numbers; but in studying the weights themselves, it is 
necessary to have some common standard by which the relative impor
tance assigned to various commodities can be accurately compared. The 
only common denominator for all commodities that is significant for 
economic ends and capable of quantitative expression is money value. 
But it is ill advised to weight by money values when actual prices are 
being used, for the common denominator is already present in the quota
tions themselves. These price quotations are best multiplied by the 
physical quantities of the goods produced, exchanged, or consumed, as the 
case may be. ” 1

Misapplication of Index Numbers.—No index number may be used 
for every purpose. In fact, every index number has one best use and 
this use is the particular use for which it was originally and, it is assumed, 
properly designed. Ordinarily, any use of the index number other than 
that for which it was especially designed is almost certain to introduce 
error into the interpretations based upon it.

The art of applying an index number, even for the specific purpose 
for which it was calculated, is acquired only after careful study and

'B u lle tin  284, “ Index Numbers of Wholesale Prices in the U nited States and 
Foreign C ountries,” p. 65, U nited States Bureau of Labor Statistics, W ashington, 
D. C., 1921.
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considerable experience. The beginner would do well always to check 
his new calculations or his applications of old index numbers with some
one well trained in statistical interpretation. An index of production 
never would be confused with and used as a substitute for an index of 
demand; yet how frequently one finds a wholesale price index used where 
only a retail price index should be used.

In almost every practical problem, the decision must be made between 
the construction of an index number for the purpose at hand and the use 
of one already constructed, which might prove more or less unreliable.

Published Index Numbers.—A few of the more important published 
index numbers which are of value to the business man will be introduced 
at this point.

One of the best known general-purpose index numbers of wholesale 
prices in the United States is that of the United States Bureau of Labor 
Statistics. Beginning with January 1938, the index has included 813 
commodities or price quotations weighted according to the importance of 
each commodity. 1 I t  is expressed as a percentage of 1926. The index 
numbers are published monthly in a pamphlet on wholesale prices and in 
the Monthly Labor Review. They are also published in a press release. 
Figures are available by years since 1801 and by months since 1890. The 
monthly movements of this index over the period from 1926 to 1937, 
inclusive, are shown in Exhibit 103.

Fisher’s weekly index number of wholesale prices is published as 
relative prices. The relatives are derived from weighted aggregates of 
actual prices.

1 The weighting factors used in computing the present series of index num bers 
back to 1913 are as follows: For th e  year 1913 the m ean of 1909 and 1914 data , taken 
from R eports of th e  Census Bureau and th e  D epartm ent of A griculture; for 1914 to 
1919, inclusive, th e  mean of 1914 and 1919 d a ta ; for 1919 to  1921, inclusive, the mean 
of 1919 and 1921 d a ta ; for 1921 to  1923, inclusive, the mean of 1921 and  1923 data ; 
for 1923 to  1927, inclusive, the mean of 1923 and 1925 d a ta ; for the period since 
January  1930, the mean of 1925 and 1927 data. Since 1934 no changes in weights 
have been made, because th e  weights which would norm ally have been introduced in 
1936 were those relating to the depression years and they  appeared to  be unrepresen
tative. A t the present tim e the quantities used as “ quan tity  w eights” are averages 
for 1929 and  1931, except for farm  products, for which the quantities used are aver
ages for 1929, 1930 and 1931. In  the case of farm  products, da ta  for all years of the 
period are averaged to form the weights. In  certain cases where census or o ther reli
able d a ta  were lacking, estim ates based on the best inform ation available have been 
used. An explanation of the m ethods used in computing this index is given on 
pp. 2-5 of U nited States Bureau of Labor Statistics Bulletin  493. See also Jesse M. 
C utts and Samuel J. Dennis, “ Revised M ethod of Calculation of the Wholesale Price 
Index of the U nited States Bureau of Labor S tatistics,” Journal of the American  
Statistical Association, December 1937.
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Dun and Bradstreet, Inc., compile a weekly index of wholesale food 
prices, which represents the sum total of the wholesale prices per pound of 
31 commodities in general use. This organization also compiles a daily 
weighted price index based on 30 basic commodities.

An index of retail food prices is compiled by the United States Bureau 
of Labor Statistics. This index covers 84 food items, and is currently 
computed by applying the per cent change of a weighted list of prices of

E x h i b i t  103.— U nited States Bureau of Labor S tatistics general index of wholesale prices, 
w ith breakdown by types of commodities.

identical foods, between two successive periods, to the index for the 
earlier of the two periods to obtain the current index for each of the 51 
cities covered.

Fairchild’s textile and house furnishings index compiled by Fairchild 
Publications represents prices collected as of the first of each month on 
105 items from 36 retail trade organizations, including independent and 
chain department stores, mail-order organizations, and specialty stores, 
located in 23 principal cities broadly distributed over the country. 
I t  is heavily weighted with textiles.
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A world price index is compiled by the United States Bureau of 
Foreign and Domestic Commerce from prices of important commodities 
quoted in representative world markets.

The Engineering News-Record index of construction costs is designed 
to indicate the cost situation in the construction industry. I t  is of the 
aggregate type, weighted according to the relative importance of the four 
components: steel, cement, lumber, and labor.

The National Industrial Conference Board compiles a cost of living 
index designed to show the trend of living costs of wage earners’ families. 
The index is based on a comprehensive list of retail prices and rents. I t  is 
an arithmetic average of weighted relatives using the 1923 average as a 
base.

The Federal Reserve Board index of industrial production is a general 
indicator of changes in the volume of the country’s industrial output. 
I he index is made up of two components: manufactures and minerals, 
covering industries which represent directly and indirectly about 80 per
cent of total industrial production. In constructing the index, the 
monthly physical volume figures are reduced to daily averages, adjusted 
lor seasonal variation where necessary, using adjustment factors derived 
by the ratio-to-moving-average method , 1 and weighted according to value 
added by manufacture for the index of manufactures, and by average 
value of product for the minerals index. The aggregate of the weighted, 
seasonally adjusted, daily averages for a given month is related to the 
identical aggregate for the base years 1923-1925.

The Printers’ Ink  magazine advertising index covers approximately 
80 per cent of the total linage in all magazines. After making various 
adjustments to obtain homogeneity, the data are corrected for seasonal 
variation by using the ratio-to-moving-average method, and reduced 
to relatives on a 1928-1932 base. The resulting relatives are weighted 
according to the estimated amount spent in the base period and averaged 
geometrically.

The Federal Reserve Board index of department store sales is based on 
the monthly dollar sales of about 425 department stores located mostly 
in the larger cities in various parts of the country. The index is based on 
daily average dollar sales of an identical group of stores, related to the 
1923-1925 daily average, and adjusted for seasonal variation by the 
iatio-to-moving-average method. Allowances are made for changes from 
month to month in the number of Saturdays and Sundays and for the 
six holidays most commonly observed. An allowance is also made for the 
changing date of Easter.

'S ee pp. 320-322 for a discussion of a  ratio-to-m oving-average m ethod of adjust
ing for seasonal variation.
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Indexes of employment and wages are compiled by the United States 
Bureau of Labor Statistics by industries and by industrial areas.

The Standard Statistics Company, Inc., compiles an index of industrial 
corporation profits.

Moody’s Investor’s Service compiles an index of dividend payments 
based on six hundred stocks.

Dow, Jones and Company compiles an index of bond prices from the 
yields of the average prices of the bonds for each day of the month, the 
average yields for the ten bonds in each class being capitalized at 4 per 
cent to give the combined index.

The Standard Statistics Company, Inc., compiles an index of bond 
prices and an index of bond yields. The corporate bond price index is 
based on the quotations of 45 high-grade corporate bonds converted to 
the equivalent price for a 4 | per cent bond having 30 years to date ot 
maturity. The index of bond yields is an arithmetic average of the yield 
to m aturity of the same 45 bonds tha t are included in the index of bond 
prices.

Indexes of stock prices are compiled by Dow, Jones and Company for 
30 industrials, 20 public utilities, and 20 railroads; by The New York 
Times for 25 industrials, 25 railroads, and total; and by the Standard 
Statistics Company, Inc., for 347 industrials, 40 public utilities, 32 rail
roads, and total.

Q uestions and Problem s

1. W hat is an index num ber?
2. W hat kinds of situations m ake necessary the use of index num bers?
3. How are index num bers used in present-day business?
4. W hat is th e  difference betw een a  general-purpose index num ber and a specific-

purpose index num ber?
5. W hat are the dangers if an  index num ber is n o t propertly  constructed?
6. W hat are the usual steps in the selection and construction of an index number?
7. L ist th e  more im portan t methods of constructing index numbers.
8. W hat are the steps in calculating an “ unw eighted aggregative index num ber” ? 

W hat are th e  advantages and disadvantages of this index num ber?
9. List th e  steps in th e  calculation of a  “ weighted aggregative index number. 

W hat are the shortcomings of th is index num ber?
10. W hat are percentage relatives and for w hat are they  used? When plotted 

on an arithm etic scale, does a  curve showing percentage relatives differ from a curve 
of the original da ta?  W hen plotted  on a sem i-logarithm ic «hart, do the two curves 
differ? W hy?

11. W hat are the steps in  calculating an  “ unw eighted arithm etic m ean of relatives 
index num ber” ? Discuss the advantages and disadvantages of th is index number.

12. Explain the steps in calculating an “ unw eighted m edian of relatives index 
num ber.” W hat are its  strong and weak points?

13. W hat are the steps in the calculation of an “ unweighted geometric mean of 
relatives index num ber” ? Discuss its desirable and undesirable characteristics.
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14. List the steps in computing a “ weighted arithm etic mean of relatives index 
num ber.” How does this index num ber compare w ith  the unw eighted arithm etic 
mean of relatives index?

16. Give the  steps in  calculating a  “ weighted geometric m ean of relatives index 
num ber.” W hat are its strong and weak points?

16. W hat are th e  steps in  computing “ Fisher’s ‘ideal’ index num ber” ? W hat are 
its advantages and disadvantages?

17. Explain the natu re  and purpose of weighting index numbers.
18. Discuss th e  m ethods of weighting index numbers. Can the  same w eight be 

applied to  relatives th a t  is used in weighting th e  item s entering in to  an aggregative 
index? Explain.

19. Describe th e  com putation of m onetary-value weights.
20. How is the  base period for weights usually selected?
21. W hen is it  proper to  use quan tity  weights and when value weights in construct

ing index num bers of prices? Can actual prices be weighted by  value weights? 
Explain.

22. Discuss th e  m isapplication of index numbers.
23. Nam e and describe briefly some of the more im portan t published index num 

bers which are valuable to the business man.
24. (Percentage relatives.) Reduce the d a ta  in  Problem 24, page 128, (both 

stores) to percentage relatives of January  1936 (January  1936 =  100.) Use a  slide 
rule in  m aking your com putations.1

Present graphically on bo th  arithm etic and logarithmic scales and analyze.
26. From  the following table reduce the d a ta  on th e  volume of lum ber production 

to percentage relatives:
a. Use January  1935 =  100.
b. Use June 1937 =  100.

P r o d u c t io n  o p  L u m b e r  i n  t h e  U n i t e d  S t a t e s , 1 9 3 5 -1 9 3 8  <
(In millions of board feet)

M onth 1935 1936 1937 1938

1,189
1,238

1,614 1,571
1,596
2,177
2,233

1,249
1,469 1,275

1,698M arch ................................................................. 1,355 1,718
2,005
2.052
2.052

A pril.................................................................... 1,499 1,473
1,550M ay ..................................................................... 1,495 2,398

Ju n e ..................................................................... 1,478 
1,798 
2,007

2,500
2,352
2,342

1,696
Ju ly ..................................................................... 2,218

2,171
2,151

1,606

1,937 2,297 
1,9692,156

1,779
1,608

2,352
1,816 1,671

1,4521,827

Source: Survey o f Current Business.

1 A very  convenient slide-rule setting for computing percentage relatives is as 
follows (see Appendix II, p. 655):

C scale Base num ber (24) Other num ber (36)
D scale 100 Percentage relative (150)
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26. T he wholesale prices of the  commodities used in Exhibits 92, 93, 95, 96, 97, 
98, 99, 100, and  101 for the last five m onths of 1936 were as follows:

Comm odity U nit of 
quotation August Septem

ber October Novem
ber

Decem
ber

W h ea t................................ Bushel 1 142 1.157 1 186 1 200 1 340
H ogs................................... Cwt. 11 345 10.544 9 850 9 435 10 131
C o tton ............................... Pound 121 .122 120 119 124
W ool................................... Pound 389 .385 391 428 484
S ugar.................................. Pound 037 .036 034 036 038
H ides.................................. Pound 131 .147 149 153 156
C oal.................................... N et ton 4 217 4.229 4 224 4 228 4 233
P etro leum ......................... Barrel 1 040 1.040 1 040 1 040 1 040
Pig iro n .............................. Gross ton 21 390 21.390 21 390 21 640 22 390
L um ber.............................. M feet 36 613 37.290 38 308 38 590 39 282
R u b b er.............................. Pound 163 .165 166 179 202

Source: Wholesale Prices published by  the  U nited S tates B ureau of L abor S ta tis tics. See deta ils  
in footnote to  E x h ib it 92, p. 189.

Using th e  base, weights, etc. given in the exhibits listed above, com pute index 
num bers for each of the last five m onths of 1936 by the following methods:

a. U nweighted aggregative (see E xhibit 92).
b. W eighted aggregative (see E xhibit 93).
c. Unweighted arithm etic m ean of relatives (see E xhibit 96).
d. U nweighted m edian of relatives (see Exhibit 97).
e. U nweighted geometric mean of relatives (see E xhibit 98).
/ .  W eighted arithm etic mean of relatives (see Exhibit 99).
g. W eighted geometric mean of relatives (see E xhib it 100).
Summ arize th e  seven sets of index num bers in a  single tab le  and discuss th e  strong 

and  weak points of each 1
27. Compile price da ta  for th e  commodities listed in Problem  26 for five m onths 

from th e  la test available issues of Wholesale Prices published by the U nited States 
Bureau of L abor Statistics, and  com pute seven indexes according to  the instructions 
in Problem 26.

28. I t  is th e  purpose of this problem to illustrate the more im portan t methods of 
computing index num bers by  means of a simple set of figures. Using 1913 as a base, 
construct index num bers of th e  following comm odity prices:

Comm odity Average price, 
1913

Average price, 
M arch 1938

W heat, per bushel.................................... $0.990 $0.920
3.000 9 564

Cotton, per pound .................................... .128 .089
.570 .680

Leather, sole, per pound ......................... .449 .305

1 To save tim e in com putation it m ay be desirable to  assign the different m onths to 
different sections of the class, and then gather the da ta  together for the final analysis.
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(A great m any more commodities would have to  be included, of course, in the com
pu tation  of a representative price index. The present problem is designed m erely to 
illustrate th e  m ethod employed.)

a. C onstruct index num bers for th e  year 1913 and for the m onth  of Septem ber 
1924 in the  form of unweighted aggregates of actual prices. Express these as relatives, 
w ith 1913 as the  base.

b. C onstruct index num bers for the same periods in the form of weighted aggregates 
of actual prices. Prices are to  be weighted by  quantities m arketed  in  1919, which 
follow:

Commodity Quantity morketed in  1919
W h ea t...........................................................................  807,816,000 bushels
Coal, b itum inous.......................................................  400,200,000 tons
C o tto n ........................................................................... 5 ,710,382,000 pounds
W ool..............................................................................  367,382,000 pounds
Leather, sole................................................................ 296,326,000 pounds

(The figures for quantities m arketed relate to all grades of the given commodities, not 
merely to the grades for which prices are given above. Prices of the grades nam ed are 
to be taken to represent all grades of the various commodities, and are to  be weighted 
by the to ta l quantities marketed.)

Express these weighted aggregates as relatives, w ith 1913 as th e  base.
c. C onstruct index numbers for the  same periods in the form of aggregates of prices 

per pound. (The quotation for coal, as given above, is by  long tons. Assume 60 
pounds of w heat to  the bushel in reducing prices to the per pound basis.) Express 
these as relatives, w ith 1913 as the base.

d. C onstruct index numbers for the same periods in the form of medians of relative 
prices.

e. C onstruct index numbers for the same periods in the  form of simple arithmetic 
averages of relative prices, w ith 1913 as the base.

f .  Construct index numbers for the same periods in the  form of weighted arithmetic 
averages of relative prices, weights to be based upon the to ta l values of the  various 
commodities m arketed in 1919. The following table, showing the percentage dis
tribution  of these values, gives the weights to be em ployed:

W heat................................................................................................................  35
Coal, b itum inous............................................................................................  26
C o tton ................................................................................................................ 29
W ool...................................................................................................................  7
Leather, sole..................................................................................................... 3

T o ta l..............................................................................................................  100

The report should include tables showing the method employed in computing each 
index number.

Summarize in a single table the six sets of relatives secured.1
29. The wholesale prices of certain representative food commodities and their 

respective weights were as follows:

1 Problem by courtesy of F. C. Mills.
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Commodity

Average prices

U nit
Commodity 

weights,* 
(in millions)Year

1913
M arch

1938

W heat, No. 1, northern spring, M inneapolis. .
C otton, upland, middling, U nited Y o rk ...........
Sugar, g ranu la ted ....................................................

» 0 .874 
.128 
.043 

8.365 
.226

$1.190
.089
.046

9.130
.210

Bushel
Pound
Pound
Cwt.
Dozen

683
5,410

13,683
76

927Eggs, firsts, fresh .....................................................

* These weights are those used by th e  U nited States Bureau of Labor S tatistics in com puting index 
num bers of wholesale prices in th e  U nited States for 1913 and  1914 by  groups of commodities. See 
Bureau of Labor Statistics Bulletin  181, “ W holesale Prices 1890 to  1914.”

Using the  year 1913 as a base, compute an index num ber of wholesale prices for 
M arch 1938, by  each of the following m ethods:

а. Unweighted aggregate.
б. W eighted aggregate.
c. Unweighted arithm etic m ean of relatives.
d. Unweighted median of relatives.
e. Unweighted geometric mean of relatives.
/ .  W eighted arithm etic mean of relatives.
g. W eighted geometric m ean of relatives.
30. The volume of production in six m ajor industries for the  m onths of January  

1933 and January  1938 was as follows (data hypothetical):

Industry
U nit of 

quotation

Production 
January  1933 
(in thousands)

Production 
January  1938 
(in thousands)

U nit 121 368
Bale 442 664
K ilow att-hour 6.842.000

1.321.000
10,078,000

L um ber................................................... Board foot 1,742,000 
96,421Barrel 64,342

1,024Long ton 4,642

Compute an index of industrial production for January  1938, using January  1933 
as a base period:

a. By the  m ethod of unweighted arithm etic mean of relatives.
b. By the m ethod of unweighted geometric mean of relatives.

CHAPTER X

DISPERSION AND SKEWNESS

Although it is very useful to have, for instance, an average of the 
earnings of workers in a factory, this one value may not be sufficient to 
indicate the real wage conditions. An average does not indicate the 
spread or range over which the data are scattered; it gives only a single 
amount, which is considered to be representative of the whole data. The 
same average wage might be found in the pay rolls of two factories, and 
yet all the wages in one plant might approximate the computed average, 
while in the other plant the wages might be distributed between two widely 
separated extremes. For example, the average of 10 items of $30 each 
is $30 (whatever method is used in obtaining an average). Yet 10 other 
items distributed between $1 and $100 might be found to average $30 
by one or more of the methods of computing averages. That is, in both 
factories there might be the same arithmetic average, or the same median, 
or the same mode, or the same geometric average. Although this is an 
extreme illustration, it will be recognized that the same limitations in 
using averages exist where distributions are more nearly alike.

Measures of Dispersion.—In order to determine whether the average 
is really representative or to what extent the data vary from the averages, 
and in order to measure the spread of the data irrespective of the relation 
of the items to the computed averages, it is necessary to compute measures 
of dispersion. There are four common measures of dispersion: the range, 
the quartile deviation, the average deviation, and the standard deviation.

These measures can be stated in two ways. One method of statement 
shows the absolute amount of deviation, while the other presents the 
relative amount of deviation. We shall first consider the methods of 
determining the absolute amount of deviation.

The Range.—If one desires to know only the extent of the extreme 
variations, the range may be used as a measure of the dispersion. If 
either of the extreme items is exceptional (that is, if they are far distant 
from the other items), the range indicates nothing concerning the usual 
or normal spread of the items. Therefore, the range is usually most 
useful when it is known that the extreme items are not exceptional in 
nature, and it is often satisfactory to state a range excluding specified 
extreme items.

215
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Stock prices and interest rates are often stated in terms of their ranges 
over a period of time (Exhibits 104 and 105). If the movements have not

NEW YORK TIM ES AVERAGE PRICES 
T W E N T Y -F IV E  INDUSTRIAL S T O C K S  

YEA R LY  HIGH AND LO W , 1920-1937
DOLLARS

1

1 1 1 1 1

1 1 1 1 1
1 1 1 1 1 1

1 1 1 1 1

°  1920 1922 1924 1926 1928 1930 1932 1934 1936

E x h i b i t  104.—The “ ran g e” of stock prices for each year from 1920 to 1937.

ANNUAL RANGE OF CALL MONEY RATES 
NEW YORK STOCK EXCHANGE 1920-1937

PER CENT

1 1 1 1 1 1 111s 1111 1111 . ■ .
1920 1922 1924 1926 1928 1930 1932 1934 1936 

SO URCE STANDARD S T A T IST IC S  CO.

E x h i b i t  105.— The “ ran g e” of call-money ra tes for each year from 1920 to  1937.

been unusual, a quoted range may measure the ordinary dispersion, but 
if unusual movements of a temporary nature have occurred, the range
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shows the effect of the temporary and unusual conditions (see the year 
1929 in Exhibit 104 and the years 1920, 1929, 1934, and 1937 in Exhibit 
105). Thus, the amount of dispersion shown by the stock-price range 
indicates market conditions, and comparisons of ranges in two different 
series have different meanings under different circumstances. Such a 
comparison at one time may show the effect of an unusual market condi
tion on different stocks; whereas in a normal market, it would indicate 
differences in stock fluctuations under ordinary trading conditions.

Quartile Deviation.—The quartile deviation measures the spread of 
the central items only. I t  is not affected by the size of the extreme 
items, as is the range.

To obtain the quartile deviation, the value of the first quartile is 
subtracted from the value of the third quartile and this difference is 
divided by two. The formula for this procedure is (Qs — Qx) 2. 
The quartile deviation is often called the semi-interquartile range, for it 
is one-half the difference between the values1 of the third and the first 
quartile.

To illustrate the process of determining the quartile deviation, we 
may again refer to Exhibit 64, page 136, in which the third quartile was 
found to be 9 (the value of the 1729th item) and the first quartile was 
found to be 7 \ (the value of the 576th item). The quartile deviation is 
(9 — 7 |)  -h 2, or f  of 1 size. This shows that one-half of the items are 
included in the interquartile range, and we now know that one-half of 
the men’s shoes sold by The Paris Store did not vary from the quartiles 
in size by more than three-fourths of a size. (Due to the discrete char
acter of the data, this variation cannot be more than a half-size, for the 
sizes 8 and 85 are the only sizes between the quartiles.) In other words, 
there was a small amount of variation in the sizes of the central half of 
the items in the distribution.

Average Deviation.—The two measures of deviation just described 
are rough measures of the spread or scatter of items. One depends upon 
the extreme items only; the other upon the central items only. In many 
analyses of business data, however, it is necessary to have an exact 
measurement of the average or usual deviation of all items from a central 
point. This is obtained either by the average deviation (also called the 
mean deviation) or by the standard deviation.

1 Confusion sometimes arises as to  the meaning of Qz and Q1. I t  should be noted 
th a t these term s do no t mean the rank of these quartiles, b u t they  refer to  th e  value 
of the quartiles. Obviously, one-half the difference in rank  is the num ber of items 
which these quartiles are d istan t from the m edian item , b u t one-half the difference 
in value will no t be the am ount of difference between the m edian value and the 
quartile values, unless th e  median value happens to  be equidistant from the values 
of and Qi.
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The average deviation is merely the arithmetic average of the devia
tions from an average of the data. That is, first an average of the data is 
obtained (ordinarily the median, the mode, or the arithmetic average), 
then the deviation of each value in the entire data from the average is 
computed, and finally the arithmetic average of these deviations (dis
regarding plus and minus signs) is computed. Although deviations from 
any of the averages mentioned above may be used, it is theoretically best 
to use the median, because the arithmetic sum of the deviations from 
this average is less than from any other point. Unless another average is 
specified average deviation will be measured from the median in this 
book.

Smith Jones

Production 
(in pounds)

Deviations 
from median 
(sign om it

ted)

Production 
(in pounds)

Deviations 
from median 
(sign om it

ted)

550 100 670 20
775 125 600 50
720 70 650 0
650 0 660 10
630 20 640 10

315 90

Average deviation of Sm ith’s production = 315 -s- 5 = 63.
Average deviation of Jones’ production =  90 -5- 5 =  18.

E x h ib it  106.— C om putation  of average deviation.

Computation of Average Deviation.—When the exact size of each item 
in the data is known, the computation of average deviation merely 
involves the subtraction of the median from each size (to obtain the devia
tion of each size from the median size), the summation of the resulting 
deviations (disregarding signs), and a division of this total by the number 
of items.

For example, if a foreman in a factory wishes to determine which of 
two employees is the more “ steady” worker, he could find this from the 
average deviation of their output. If employee Smith produced 550 
pounds on Monday, 775 on Tuesday, 720 on Wednesday, 650 on Thurs
day, and 630 on Friday, his median output of the five days would be 650. 
Likewise, if employee Jones produced 670 pounds on Monday, 600 on 
Tuesday, 650 on Wednesday, 660 on Thursday, and 640 on Friday, his 
median output would be 650. The average deviations of output of Smith 
and Jones, measured from the median production of each, are determined
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in Exhibit 106. Obviously, Jones is much the steadier of the two, 
because his output fluctuated on the average only 18 pounds whereas the 
output of Smith fluctuated on the average 63 pounds.

In formula form, the method of computation is:

Average deviation (A.D.) =

the Greek letter 2 (sigma) meaning “ sum of,” d being used for “ devia
tion,” and n for “ number of items.” Thus, in Exhibit 106, 2 d in Smith’s 
production is 315 and 2 d in Jones’ production is 90. In both cases the 
value of n  is 5.

The procedure illustrated (Exhibit 106) is all that is required where 
the data have not been arranged in a distribution, or where they are 
arranged in an array. Where the data are arranged in a frequency 
distribution, the procedure is essentially the same. 1 However, in the 
field of business statistics, the average deviation (or standard deviation) 
is seldom computed from a frequency distribution. Practically always, 
in business problems, the computation of average or standard deviation is 
made from data that have not been arranged in a frequency distribution.

Standard Deviation.—The standard deviation, like the average 
deviation, is also a measurement of the variation or spread of all the 
values throughout the entire distribution or series. I t  is obtained by 
squaring the deviations from the arithmetic average of the data, then 
finding the arithmetic average or mean of the squared deviations, and 
extracting the square root of this mean. It is frequently called the 
root-mean-square deviation, since it is the square root of the mean of the 
squared deviations.

In measuring the variation or spread throughout a distribution, the 
average from which deviations are measured in computing standard 
deviation is the arithmetic average, because the standard deviation is 
smallest when computed from this average. 2

1 I t  is only necessary to  determ ine th e  am ount by  which the value of each class 
in the frequency distribution deviates from the m edian (or mode, or arithm etic 
average), and then  m ultiply th e  class deviation by  th e  num ber of item s in the class. 
When the resulting products are added, the sum of the deviations is obtained. This 
sum divided by  the num ber of item s gives the average deviation.

2 In time-series analyses (see Chaps. X III-X V I), standard  deviations (and also 
average deviations) are com puted from a “ no rm al” which changes over the  period 
under consideration. T h a t is, the  standard  deviation in such instances is the square 
root of the m ean of th e  squared deviations from th is normal. Since the standard  
deviation about a line of average relationship is a  m easure of the accuracy of estim ates, 
it m ay be term ed the “ standard  error of estim ate.” In  studies where it  is necessary 
to distinguish between these com putations as made from the arithm etic average and 
from a trend line, the term  “ standard  dev iation” is understood to refer to the root-
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Computation of Standard Deviation.—If the variation in output of 
Smith and Jones in the preceding illustration of the two factory employees 
were measured by the method of the standard deviation, instead of 
the average deviation, the deviations would be measured from the arith
metic average, and the procedure would be as shown in Exhibit 107. In 
this computation, the deviations from the arithmetic average are each 
squared, the squared deviations are added (giving 29,800 and 2,920, 
respectively), and each total is divided by 5 to obtain the arithmetic

Smith Jones

Production 
(in pounds)

Deviations 
from mean

Devia
tions

squared

Production 
(in pounds)

Deviations 
from mean

Devia
tions

squared

M onday................ 550 -1 1 5 13,225 670 + 26 676
T uesday ................ 775 +110 12,100 600 -4 4 1,936
W ednesday.......... 720 +  55 3,025 650 +  6 36
T hursday ............. 650 -  15 225 660 +  16 256
F riday ................... 630 -  35 1,225 640 -  4 16

T o ta l................. 29,800 2,920

A rithm etic average of Sm ith’s production =  665.
A rithm etic average of Jones’s production =  644.
S tandard  deviation in Sm ith’s ou tpu t is the  square root of (29,800 +  5), or

V 5,960  =  77.20.

S tandard  deviation in Jones’s ou tpu t is th e  square root of (2,920 +  5), or

V 5 8 4  = 24.17.
E x h ib it  107.-—C om putation of standard  deviation.

averages of the squared deviations. The square root of each respective 
mean is the standard deviation of output of each employee.

In formula form the method of computing standard deviation may be 
stated as

Standard Deviation (S.D. or <r) =

In this formula, 2 d2 is the sum of the squared deviations from the 
arithmetic average and n is the number of items in the entire group oi

mean-square deviation about th e  arithm etic mean, while the root-m ean-square devia
tion from the norm al trend line is referred to  as the “ standard  error of estim ate.”
(For fu rther inform ation see Frederick C. Mills, “ S tatistical M ethods,” pp. 330-334, 
H enry  H olt & Company, Inc., New York, 1938.)
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data. Thus, in the example of Exhibit 107, 2 d2 for Smith is 29,800, and 
for Jones, 2 d2 is 2,920. In both cases n has a value of 5.

By comparing the A.D. with the S.D. in the preceding Smith and 
Jones production problem, it will be noted tha t the standard deviations 
are larger than the average deviations. This is a characteristic relation, 
for squaring the deviations gives more weight to the large deviations than 
is the case where the deviations are added without squaring, as in comput
ing average deviation.

Coefficients of Variation.—For purposes of comparison, the absolute 
amount of a measurement is not always so valuable as an expression of 
the relative amount. Thus, we might find the average deviation in the 
annual incomes of residents in one part of a city to be $500, whereas in 
another district of the city the average deviation is $50. This would not 
prove that there was relatively greater variation in the incomes in the 
first district than in the second, for if the average income were $10 ,0 0 0  in 
the first district and $1,0 0 0  in the second district, the relative degree of 
variation would be the same. In other words, a variation of $500 where 
the usual income is $10 ,0 0 0  would be the same 'percentage of variation as 
a variation of $50 where the usual income is $1,000.

Percentages of variation are known as coefficients of dispersion or 
coefficients of variation. They state the degree of variation. There are 
three common coefficients of variation, and they are obtained by express
ing the amount of variation as the percentage which it is of a central 
value.

The coefficient most commonly used is obtained by expressing the 
standard deviation as a percentage of the average from which it was measured; 
namely, the arithmetic average. Thus, in the above example the coeffi
cient of dispersion in Smith’s production is found by this method to be 
77.20 -j- 665, or 11.6 per cent. For Jones, the coefficient is 24.17 -5- 644, 
or 3.8 per cent.

In the second method of measuring relative variation, the average 
deviation is expressed as a percentage of the median, or whatever average has 
been used in measuring the deviations. In the example of the production 
of Smith, the coefficient is obtained by dividing the average deviation (63) 
by the median (650). This gives a coefficient of 9.7 per cent. For Jones 
the coefficient is 18 -s- 650, or 2.8 per cent.

In the third method, the quartile deviation is stated as a percentage 
of one-half the sum of the first and third quartiles. This is stated below 
in the usual symbols for the quartiles:

Coefficient of variation = ^ -3 ^  ~ ^

which is reduced for convenience to the formula
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(Q* -  Q i) + (Q, +  Q i) X  100

The coefficient of variation in sizes of men’s shoes sold by The Paris 
Store (Exhibit 64, page 136) based on the quartiles as previously deter
mined is, therefore, (9 — 7 |)  -5- (9 +  7§) X 100, or 9.09 (per cent).

Value of Average and Standard Deviation Measurements.—Espe
cially in the study of business time-series data, the use of either average 
or standard deviation is indispensable as a tool. In later chapters we 
shall study business data in the form of time series, and in the course of 
this study the importance of measuring deviations in the series considered 
will be evident. At the present point, however, it is desired to call 
attention to two particular uses of average and standard deviations, 
which will be illustrated further in the pages tha t follow. These uses 
are: (1 ) in comparing time series having widely different amplitudes of 
fluctuation; and (2 ) in combining several series of business data into one 
composite series called a “ business index.” In order to use measures of 
dispersion for these purposes, however, it is first necessary to reduce the 
deviations to units of their standard or average deviation.

Units of Standard or Average Deviation.—Referring again to the 
variations in production of Smith and Jones (Exhibit 107), it will be 
seen that on Monday Smith’s production was 115 pounds below his 
arithmetic average for the week, and on Tuesday his production was 110 
pounds above the average. Are these large fluctuations for Smith? And 
when Jones is 26 pounds over the mean of his week on Monday, and 44 
pounds under on Tuesday, are these large variations for him?

These questions can be answered by reducing the variations to units 
of their respective standard deviations (or average deviations, if desired). 
If 77.20 pounds is the standard deviation for Smith, then a deviation of 
115 pounds is (115 -f- 77.20) standard deviations, or 1.49 standard devia
tions. Similarly, 110 pounds is a variation of 1.42 standard deviations. 
For Jones, a deviation of 26 pounds is, in terms of standard deviation 
units, a deviation of 26 -r 24.17, or 1.07 standard deviations, since his 
standard deviation is 24.17. Likewise, 44 pounds is a deviation of 1.82 
standard deviations. Thus we see that on Tuesday Smith’s variation of 
110 pounds was not as great for him as Jones’ variation of 44 pounds was 
for him.

Units of average deviation are obtained in the same manner, namely, 
by dividing the average deviation into the individual deviations, these 
individual deviations usually being from the median.

The reduction of series to terms of their respective standard (or 
average) deviations places data having widely different amplitudes of 
fluctuation on a comparable basis. One series, say bank clearings, may 
have deviations from the average amounting to millions of dollars,
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whereas another series, such as interest-rate percentages, may have 
deviations from the average that never exceed five or six. When the 
deviations of such series are reduced to units of their own respective 
standard deviations, the fluctuations in value become readily comparable, 
because they are stated in terms of a “ normal” for each series. For 
example, a deviation of $1 0 ,0 0 0 ,00 0  in bank clearings may be found to 
represent the same number of “ normal” or standard deviations as a 
deviation of 1 per cent in interest rates.

In studying business cycles, time series are often expressed as per
centage deviations from a changing base or growth trend. When two 
series are being compared or combined, for instance, it is important to 
have them on such a basis that the fluctuations are of similar significance. 
Suppose that we are comparing cycles of bank clearings and cycles of 
pig-iron production for a certain period, and that bank clearings tend to 
fluctuate within a range of + 2 0  per cent and that pig-iron production 
tends to fluctuate within a range of +45 per cent. Obviously, a 10 per 
cent fluctuation in pig-iron production is less than one-half as significant 
as a 1 0  per cent fluctuation in bank clearings. The two series can be 
placed on a comparable basis from this point of view by stating them in 
terms of their respective average or standard deviations. This use of 
average and standard deviation will be explained in greater detail on 
pages 339 to 341, in the chapter on business cycles. 1

In  order to illustrate further the procedure of reducing series to terms 
of their standard deviations, let us consider Exhibits 108 and 109. In 
the table of Exhibit 108, columns A and E  represent sales (in dollars) of 
tires and automobiles in an assumed case. Columns B  and F represent 
deviations from the average of each series. In  the manner previously 
described, it is found from columns C and G that the standard deviations 
are .7 and 5.5 for sales of tires and sales of automobiles, respectively 
(see note a t bottom of Exhibit 108). I t  is then a simple m atter to 
reduce these series to terms of their standard deviations. To do this, the 
deviations from the average are simply divided by the respective standard 
deviations. For example, the first item in column B  (—1) is divided by 
■7, and the resulting figure ( — 1.4) means that January sales of $1,000 
were 1.4 standard deviations under the average. The two series are 
stated in terms of their standard deviations in columns D and H, Exhibit 
108. It will be seen from columns A and E, Exhibit 108, and from Part 
A, Exhibit 109, that the automobile series fluctuates much more widely 
than the tire series. However, from a point of view such as that of 
analyzing business conditions from the movements of these curves, a 
small movement in the tire curve is as significant as a large movement in

1 See also second footnote on p. 219 relative to standard  error of estim ate.
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the automobile curve. That this is true is shown by Part B, Exhibit 109, 
in which the two series are presented in terms of their standard deviations. 
I t  is obvious that if the two series in Part A, Exhibit 109, were averaged 
together, the resulting curve would be dominated by the automobile

Sales of tires Sales of automobiles

A 
Sales 

in thou
sands of 
dollars

B

D evia
tions

c

Devia
tions

squared

D 
Sales 

in 
term s 

of S.D.

E  
Sales 

in thou
sands of 
dollars

F

Devia
tions

G
Devia
tions

squared

H
Sales 

in 
terms 

of S.D.

January ............... 1 - 1 1 - 1 . 4 2 -  6 36 - 1 .1
F eb ruary ............ 2 0 0 0 10 +  2 4 +  .4
M arch.................. 1 - 1 1 - 1 . 4 2 -  6 36 - 1 .1

A pril.................... 3 +  1 1 +  1.4 15 +  7 49 +  1.3
M ay..................... 2 0 0 0 4 -  4 16 -  .7
Ju n e ..................... 3 +  1 1 +  1.4 15 +  7 49 +  1.3

Ju ly ...................... 2 0 0 0 4 -  4 16 -  .7
A ugust................ 2 0 0 0 4 -  4 16 -  .7
Septem ber.......... 3 + 1 1 +  1.4 18 +  10 100 +  1 .8

O ctober............... 2 0 0 0 10 +  2 4 +  +
N ovem ber.......... 1 - 1 1 - 1 . 4 2 -  6 36 - 1 .1
D ecem ber........... 2 0 0 0 10 +  2 4 +  .4

12/24 12/6 12/96 12/366

Averages........ 2 .5 8 30.5

V-S = -7
S.D. or <r =  0.7*

V  30.5 =  5.5 
S.D. or <r =  5.5*

* Since sales are in thousands of dollars, three places having been dropped to simplify computation, 
.7 really represents $700 and 5.5 really represents $5,500. That is, S.D. of tires is actually $700 and 
S.D. of automobiles, $5,500. However, since the three places were dropped in columns A  and E,  the 
entire computation was carried through on this basis, using .7 and 5.5 in computing columns D  and H.  

E x h i b i t  1 0 8 .— R eduction of tw o tim e series to  term s of their standard deviations.

fluctuations. In Part B, however, the two series are on a comparable 
bas^s, and if they are averaged together, the resulting curve will be 
influenced approximately as much by the fluctuations in tire sales as 
by the fluctuations in automobile sales. 1

1 The effects of expressing certain series in term s of their standard  deviations m ay 
be further appreciated by referring to C hart I, Exhibit 60, p. 119.
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Skewness.—The measures of variation which we have considered are 
used in determining either the absolute or the relative amount of variation 
in the data. They do not, however, measure skewness. Skewness is the 
lack of symmetry. When a frequency distribution is plotted on a chart, 
skewness is present if the items tend to be dispersed more on one side of 
the mean than on the other.

Since measures of skewness are used only occasionally in business 
statistics, this discussion on the subject will be confined to the “ bell
shaped” curve and distributions that are similar to it. That is, U- 
shaped curves and J-shaped curves (see Exhibit 72, page 144) will not 
be included.

THOUSANDS 
OF DOLLARS STANDARD

DEVIATIONS

A B
E x h i b i t  109.—A series with relatively large fluctuations and a series with relatively 

small fluctuations are presented in Part A. These series are prosented in terms of their 
standard deviations in P art B. (Tabular data are given in Exhibit 1 0 8 .)

In measuring the extent to which the data are skewed to one side of 
the central or most “ dense” part of the distribution, the relative positions 
of the averages are useful. In a perfectly symmetrical distribution 
(such as Part A, Exhibit 72, page 144), the mode, median, and arithmetic 
average coincide. Asymmetrical distributions, however, show variation 
in the values of these averages. In moderately asymmetrical data 
(Part B, Exhibit 72), the median usually is approximately one-third of 
the distance (along a scale of values) from the mean to the mode. It is 
usual that the greater frequencies in economic data occur toward the 
side of smaller values (positive skewness), and therefore the mode is 
usually less than the median and the arithmetic average in these data.

The most common method of measuring skewness is

a, _  arithmetic mean — modebkewness — ----- ----- =— =—— ■—:-------standard deviation
The result will be positive if the mode is smaller than the arithmetic 

mean, and negative if the mode is larger than the mean (see Exhibit 110).
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The difficulty which sometimes exists in locating a true mode has 
resulted in the suggestion of a formula based on the median, namely:

_  3 (arithmetic mean — median)
Skewness standard deviation

This formula may be used instead of the first formula for the reason that 
the difference between the arithmetic mean and the mode tends to be 
approximately three times the difference between the arithmetic mean 
and the median.

Whether or not skewness is measured by mathematical methods, its 
presence can be observed from the distribution ii it exists to any marked 
extent. I t  is important to determine the existence and the direction of 
skewness, for two distributions of data might have very similar averages 
and the same amount of dispersion, and yet be very different, because

than mean—long ta if  oiTcurve extends to the right). B. Negatively skewed (mode larger 
than mean—long tail extends to the left).

skewness existed on opposite sides of the central tendencies in the two 
distributions.

Questions and Problem s

1. W hat is m eant b y  “ dispersion” ?
2. N am e four m easures of dispersion.
3. W hat are two ways of expressing each m easure of dispersion? Explain.
4. Does th e  range indicate norm al dispersion?
5. How is th e  quartile deviation determ ined?
6. Does quartile deviation describe the dispersion within the entire distribution ?
7. Describe the average deviation m ethod of measuring dispersion.
8. How is a standard  deviation computed?
9. Describe three coefficients of dispersion.

10. Explain how m easures of dispersion are useful in  comparing different seiies of
data . . „

11. How are deviations from the average reduced to units of standard  dev ia tion .
12. W hat is skewness? How m ay i t  be measured?
13. An autom obile m anufacturer operating plants in D etro it and Los Angeles 

finds a  wage distribution of th e  employees in his two plants to  be as shown in the
table a t  th e  top  of page 227. .

From the data  shown in th e  table  a t  the top of page 227 determ ine which of 
the plants has the higher wages and in which p lan t the wages fluctuate more, abso
lutely and relatively. For your comparisons use the average deviation (compute
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the  median), the standard  deviation, and any o ther measurem ents you m ay find 
necessary. W rite a brief report based on your comparison.

Daily wage
N um ber of 
employees 

D etroit p lan t

N um ber of 
employees 

Los Angeles p lan t

* 1 50-$ 2 4 9 ...................................... 0 7
2 50- 3 4 9 ...................................... 59 102
3 50- 4 4 9 ...................................... 259 111
4 50- 5 4 9 ...................................... 282 360
5 50- 6 4 9 ................................... 1,300 159
6 50- 7 4 9 ...................................... 384 33
7 50- 8 4 9 ...................................... 122 13
8 50- 9 4 9 ...................................... 39 11
9 50- 10 49 ...................................... 49 0

10 50- 11 49 ...................................... 0 0
11 50- 12 49 ...................................... 6 4

Total 2,500 800

14. Sales of the Jam es Locomotive Company and of the D iam ond V ariety Stores, 
Inc. for the years 1924-1937 were (in millions of dollars):

Year James 
Locomotive Co.

Diamond Variety 
Stores, Inc.

1924...................................... 1 .9 56
1925......................... 2 .3 62
1926.................................... 2 .2 69
1927....................... 2 .4 76
1928....................... 2 .9 78
1929....................... 2.1 86
1930......................... 1.6 74
1931........................... 1.1 69
1932........................... .9 30
1933............................................ .1 38
1934......................... .2 52
1935.................................... 1.1 60
1936................................................ 2 .2 72
.1937........................... 2 .8 88

T o ta l...................................... 23.8 910

Compare the  relative fluctuations in sales of the two companies by two m ethods of 
computation.

15. The data  on retail sales and bank debits in Crown City for the years 1936 
and 1937 (in millions of dollars) are shown in the tab le  on page 228.

a. Reduce the two 24-month series to units of their respective standard devia
tions and m ake a graph in units of standard  deviation (see Exhibit 109B).

b. W rite a brief report of business conditions in Crown City.
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C r o w n  C i t y  B u s i n e s s  D a t a

M onth
R etail sales Bank debits

1936 1937 1936 1937

17 21 36 67
18 21 39 69
24 26 41 72
22 25 44 77
17 21 40 66
14 18 47 71
13 17 49 64
15 23 53 62
19 24 55 69
21 25 61 71
24 27 64 74
30 34 79 82

16. Compare the relative fluctuations of the two 24-m onth series on retail sales and 
bank debits given in Problem 15, using the average deviation in your computations. 
Comm ent briefly on your results.

CHAPTER X I

THE NORMAL CURVE, PROBABLE ERROR, AND THE 
PROBLEM OF SAMPLING

The business man must continually deal with occurrences which 
have not been the subject of direction or control but which “ just happen.” 
In practical considerations, this category is a broad one and includes 
many kinds of events which might be controlled but which are allowed to 
occur without any attempts at direction. Typical problems may be 
indicated by the following questions confronting the executives of a shoe 
manufacturing company: How many of each size of shoe should we make? 
Can we cut down the accident rate in our plant? Have we too much 
sickness? Can we reduce the number of fires? Are our inspectors 
missing too many defective parts?

The Importance of Distinguishing Chance Phenomena.—In the field 
of business, some occurrences are due to chance, some to directed causes, 
and some to a combination of chance and directed causes. Inasmuch as 
problems of chance occurrences ordinarily require entirely different solu
tions from those of directed causes, any method tha t will aid in dis
tinguishing them is obviously of much value.

Chance happenings often can be segregated because they occur in 
accordance with certain laws which make it possible to determine their 
distribution. Any variations from the expected distribution may be 
indicative of outside causes. Once this distribution is known, unde
sirable events can often be provided against on a systematic basis such as 
that underlying the principles of insurance. The results not due to 
chance, once the causes are known, can often be controlled or eliminated.

Even though it may sometimes be possible to remove or control the 
causes of undesirable happenings, it is often preferable to make a sys
tematic provision for compensating for them if they tend to follow the 
laws of chance. For instance, in a large, widespread community, it is 
possible to determine closely the chances of fire losses for the community 
as a whole, and it is considered more practicable to provide fire insurance 
than to eliminate all possibility of fire.

If one is to be able skillfully to consider chance phenomena, in an 
effort to take advantage of favorable opportunities and avoid pitfalls 
or make proper provision therefor, he must study the causes tha t give 
frequency curves certain shapes, and in this effort he will profit by

229



230 BUSINESS STATISTICS

considering some of the fundamentals of the theory of “ probability.” It 
is not properly within the scope of the present work to consider the 
subject of probability a t any great length, but a brief discussion of 
the subject will be given for the purpose of introducing the reader to 
the possibilities of this type of analysis. I t  will be seen that some 
understanding and appreciation of the theory of probability is of great 
practical value in analyzing business problems, and that it is important 
for the business student to realize this fact. Even if he does not have, 
or does not wish to acquire, the background necessary for making the more 
elaborate probability analyses, he should at least appreciate, in a general 
way, the possibilities of such an approach so that he will not overlook 
the distinctions between distributions due to controlled causes and those 
due to pure chance. 1

The Normal Curve.—In Chapter VII on statistical distributions, 
the symmetrical bell-shaped frequency curve, known as the “ normal 
curve,” was briefly described. This curve is also known as the “ normal 
probability curve,” the “ normal curve of error,” and the “ Gauss-Laplace 
curve.” I t is known as the normal probability curve because it represents 
the theoretical probabilities of certain chance phenomena (see later 
explanation of Exhibits 112 and 113). I t  is known as the “ normal 
curve of error” because of the use of the curve to describe a distribution 
of errors made in the taking of measurements. When repeated measure
ments are taken of a certain astronomical distance, for instance, they will 
not all be the same but will have a marked central tendency from which 
they will vary above and below according to a symmetrical pattern. It 
is called the “ Gauss-Laplace curve” after the mathematicians Gauss 
and Laplace to whom is credited much of the earlier work on the analysis 
of the curve and the theory of probability. The so-called “ Gauss- 
Laplace law,” however, is believed to have been first discovered by 
DeMoivre in 1732. The curve is known as the normal frequency curve, 
not only because of the tendencies just mentioned, but also because 
natural as well as chance phenomena tend to be grouped or distributed 
according to the probability curve. For instance, if the leaves on a tree 
are classified by lengths into a frequency table, a curve plotted therefrom 
will approximate the symmetrical bell-shaped curve shown in Exhibit 113.

The normal curve is but one of a number of types of curves which 
may be used to describe frequency distributions, but since it probably 
is the most significant single type, an understanding of its characteristics 
is of great help in making statistical analyses where the problems of

1 For a more complete discussion, see Frederick C. Mills, “ S tatistical M ethods,” 
2d ed., Chap. X III , “ E lem entary Probabilities and the N orm al Curve of E rror,” and 
Chap. XIV, “ Statistical Induction and the Problem of Sampling,” H enry H olt &
Company, Inc., New York, 1938.

frequency distributions are involved. I t follows that a limited introduc
tion to the elementary principles of probability may properly be based 
upon a consideration of this curve, and, accordingly, this procedure is 
followed m the present discussion.

Probability.—The term “ probability,” as used in statistics, refers 
to the probability of occurrence of an event, or the expected relative 

equency of an event m an infinite number of observations or trials, 
his expected ratio may be based upon a priori knowledge of the condi

tions determining the probability, as in simple games of chance, or upon 
actual experience data, as is usual in economic and social phenomena. 1

? Probablhty ratio is a fraction between the limits zero (impossibility) 
and unity (certainty). Within the practical limits of human knowledge 
and belief, the probability that the sun will rise in the east tomorrow is 
certainty or 1 ; the probability that the sun will set in the east is impos
sibility or 0 ; and the probability that it will be cloudy in the east is some
where in between.

The law of chance as applied to the tossing of a coin is generally 
understood. 1  hat is, assuming a haphazard toss and a perfect coin the 
chance is one out of two that a head will turn up. Or there is one chknce 
that a head will show to one chance that a tail will show.

Next let us suppose that two coins are thrown. What are the chances 
of heads appearing and what are the chances of tails appearing? Both 
coins may show heads, both tails, or either a head with the other a tail 
Lettmg H indicate head and T indicate tail and letting (a) and (b)
f o l W  reSpeCtiVe C0iaS’ the P°ssible combinations may be listed as
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(a)
H and

(b) (a) 0b)
H H and T

or
T and II

(a) (b)
T and T

m ^ iS Pf Slbl<“ ? T  thr°W °f b0th heads (HH)> two of a head and a tail (HT), and one of both tails (TT). This may be expressed:

H 2 +  2HT +  T 2

where the exponents or powers to which H and T are raised represent the 
number of H  s and the number of T ’s and, thus, the number of heads 
the number of tails, and the number of heads and tails. The resemblance

1 'S e e  H arry  Jerome, “ S tatistical M ethod,” p. 165, H arper & Brothers New York
The M Ame Fisher, “ The M athem atical Theory of Probabilities,” pp. 82-85’ 

“ e Macmillan Company, New York, 1915.
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of this result to that obtained when a binomial is squared becomes 
evident. 1

Developing the coin-throwing illustration still farther, let us consider 
the combinations possible if we throw four coins designated (a), (b), (c),
and (d) so that the individual coins can be identified. The possible
combinations are as follows:

4 heads 3 heads 2 heads 1 head 0 heads
0 tails 1 tail 2  tails 3 tails 4 tails

(a)(b)(c)(d) (a)(b)(c)(d) (a) (b)(c)(d) (a)(b)(c)(d) (a) (b)(c)(d)
H H H H H H H T H H T T H T T T T T T T

H H T H T H H T T H T T
H T H H T T H H T T H T
T H H H H T T H T T T H

H T H T
T H T H

If we consider 4 heads in the above illustration as “ heads to the 
fourth power,” which means the product of 4 H ’s, etc., the combina
tions may be expressed as follows:

H 4 +  4H3T +  6H 2T 2 +  4H T 3 +  T 4,

where H 4 is the probability of exactly 4 heads in a single trial, 4H3T is 
the probability of exactly 3 heads and 1 tail in a single trial, etc. From 
the above it is apparent that there seems to be a regular law which 
governs the combination of a given number of heads and tails. In fact, 
the results obtained from the above throw of four coins are the terms of 
the binomial expansion resulting from raising the binomial (H +  T) 
to the fourth power. If ten coins had been tossed at one time, the 
binomial would be raised to the tenth power and so on.

If ten coins are tossed, we might list the possible combinations as we 
did in the above example of four coins. A much more simple procedure, 
however, is to determine the coefficients (the number of times each 
combination occurs) by the use of the binomial triangle.

The Binomial Triangle.—The binomial triangle (Pascal’s arithmetical 
triangle) is an ingenious labor-saving device for determining the coeffi
cients of a binomial expansion. To set up this triangle, first list the 
powers in a table stub as far as the power to which the given factor is to 
be raised, see Exhibit 111. Then, in the first column, list as many l ’s 
as there are powers (10 in the illustration). Next, in the adjoining

1 The studen t will recall from elem entary algebra the  rule for squaring the bino
mial a +  6, viz: the square of the sum of two numbers equals the square of the first, plus 
twice the product of the first by the second, plus the square of the second.
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column on the top line enter a 1 . Then, to complete the table, obtain 
each coefficient m the successive rows by adding the coefficient located 
just above it to the coefficient immediately to the left of this above coeffi
cient. When the end of each row is reached and there is no term above 
enter a 1  a t the end of the row. Thus, in Exhibit 1 1 1 , after the column 
of 1 s has been set up, the top row is completed by placing another 1 in 
t e next column. For instance, in the second row the second item (2) 
is obtained by adding the 1 above to the 1 to the left of the 1 above, and 
the row is completed by setting down a 1 a t the end. For the second item 
in the third power the coefficient (3) is obtained by adding 1 and 2 
together; and that for the fourth term in the tenth power (1 2 0 ) is 84 +  36.

Referring again to our example of 10  coins, we can read from the bot- 
om row of the table in Exhibit 1 1 1  the coefficients of the expansion of the

_____________________________ B i n o m i a l  T r i a n g l e

Power Coefficients

1st,............. 1 1
2 d ................. 1 9
3 d .......... 1 3
4 t h .......... 1 4
5 t h .......... 1 ^
6 t h ..........

5 1

71 h ............... 1 7
Z\J 15 6 1

8 t h ...............
35 21 7 1

9 t h ............... 1 Q
o b 70 56 28 8 1

1 0 t h ............... ............................... 1 10
OD
45 120

126
2 1 0

126
252

84
2 1 0

36
120

y
4 5

E x h ib it  111.— The binomial triangle (Pascal’s arithm etical triangle)— a device for deter 
g coefficients of the term s in the expansion of a binomial to a given power.

? n o T iaU H + ,T) t 0 .the t6nth P0wer' The total of the coefficients is 
, ^4. Ihus, if 10  coins are thrown, the chances are 1 out of 1,024 that

a will be heads, 10 out of 1,024 that 9 will be heads, 45 out of 1,024 that 
wi be heads, and so on. All of the probabilities added together give 

1,024/1,024 or unity, which is the symbol for certainty, as previously 
mentioned. J

Comparison of Actual and Theoretical Distributions.— In the table of 
inh ib it 1 1 2  the middle column shows the theoretical distribution of 
throWS of 10 coins 1,024 times and the last column shows the actual dis- 
tnbutm n in a certain experiment in which the coins were actually thrown 
, 4 times. These data are shown graphically in Exhibit 113 on which 

the smoothed curve represents the theoretical distribution and the heavy 
ac dots connected by light lines represent the actual results of the 

experimental throw. (It should be appreciated that a smoothed curve 
is not, strictly speaking, an exact representation of the binomial coeffi
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cients for the tenth power, as there are no intermediate values between 
the coefficients, and the smoothed curve implies a continuous series. 
However, as the power becomes larger, the coefficients approach more 
closely the smoothed normal probability curve, and, therefore, the 
smoothed curve may be used to indicate the relationships between the 
binominal distribution and the probability curve. ) 1

The Law of Normal Frequency.—The preceding discussion illustrates 
how chance phenomena tend to be grouped according to the probability 
curve. Previous reference has also been made to the tendency of natural 
phenomena to be grouped according to the probability curve. The reason

C o m p a r is o n  o f  
T h e o r e t i c a l  a n d  A c t u a l  D i s t r i b u t i o n s  o f  T h r o w s  

o f  T e n  C o in s  1 ,0 2 4  T im e s

N um ber of 
heads up 

in  a throw

Frequency of throws

Theoretical
num ber

Actual
num ber

0 1 2
1 10 11
2 45 41
3 120 129
4 210 223
5 252 248
6 210 194
7 120 124
8 45 42
9 10 8

10 1 1

E x h ib it  112.— Theoretical probabilities compared with actual occurrences :'.n an experi
m ental throw. (Shown graphically in E xhibit 113.)

for this similarity is tha t the variations in natural phenomena, as, for 
instance, in the lengths of leaves, are, like the results of coin throwing, 
due to chance.

A chance phenomenon, strictly speaking, is not due to abstract hap
penings without cause, but is the result of an intricate multiplicity of 
causes which are largely uncontrollable and often unknown, a t least with 
respect to the result being considered. When a coin is tossed, for 
instance, a great number of small factors, which influence or control the 
result with varying degrees of effect, come into play, such as the original 
position, a turn  of the hand, air currents, and resilience of the floor or

1 See G. U. Yule and M. G. K endall, “ An Introduction  to  the Theory of S tatistics,” 
11th ed., Chap. X, Charles Griffin & Company, London, 1937.

NORMAL CURVE, PROBABLE ERROR, SAMPLING 235

table top. Under the conditions being considered, however, the com
binations of factors are very finely balanced and there is an equal tendency 
or a 50-50 chance that the variation may be in either direction. Like- 

. wise the variations in the lengths of leaves are due to many causes which 
happen to affect them with the result that the lengths are distributed 

according to the laws of chance.
The tendency of natural phenomena, such as the lengths of leaves, 

weights of men, or sizes of hands, when classified into a frequency table 
and plotted as a graph, to approximate a symmetrical bell-shaped curve

Ex h ,bit  113. Sm oothed curve of theoretical d istribu tion  compared with actual occur
rences in an  experim ental throw. (D ata  from E xhibit 112.)

Similar to the probability curve (Exhibit 113) is known as the “ law 
M normal frequency.” In more precise terms the law is as follows: 
Vanate values of a natural phenomenon tend to be symmetrically distributed 
about the mode in proportions determined by the law of chance distributions.* 

So far the theory of probability or normal distribution has been 
stated m terms implying the dominance of the law of equal chance, that 
is, that there must be an equal tendency or a 50-50 chance that the 
variation may be in either direction. When, however, one or more 
causes tend to be dominant, a skew distribution results. Such a condition 
is common in business and economic phenomena, but often such skewness

1 9 2 4 HARBY’ “ Statistical M ethod>” P- 170, H arper & Brothers, New York,
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is not so great as to prevent the application of the law of normal prob
ability with reasonably accurate and valuable results. Extreme care 
must be taken, however, if there is a marked departure from a normal 
curve. The importance of appreciating this point when applying 
statistical formulas cannot be overemphasized for the reason that most 
of them are based upon the assumption of a symmetrical or only moder
ately skew distribution.

Properties of the Normal Curve.—The heavy curve in Exhibit 113 
represents a normal probability curve smoothed from the theoretical 
distribution of tossing ten coins. The shape of the curve would be 
different for different exponents of the expression of the binomial. That 
is, the lower the exponent the more “ peaked” is the curve; and, con
versely, the higher the exponent the flatter is the curve. However, all 
of these curves are alike in that they are symmetrical about a maximum 
and they shade off equally in both directions in a regular and systematic 
manner. These curves have certain mathematical characteristics of 
which the following are among the most important:

1. The arithm etic mean, the median, and the mode coincide.
2. The standard  deviation cuts the curve a t the points of inflection (thepoints 

where th e  curvature reverses).
3. W ithin a distance of one standard  deviation above and below th e  mean, 68 

per cent of the instances will occur.
4. The average deviation is approxim ately |  (or .7979) of th e  standard  deviation.

5. The sem i-inter-quartile range, ^  is equal to the probable error, th a t is, 

a  distance above and below the m ean within which one-half of th e  instances fall.

6. T he sem i-inter-quartile range, when added to the lower quartile or

when subtracted  from the upper quartile is equal to  th e  mean, th e  median, and the 
mode, and  is equal to  approxim ately § of the standard  deviation .1

7. W ithin a  range of approxim ately f  (or .6745) of the standard  deviation, meas
ured plus and minus from the mean, one-half of all the  instances occur. (This 
m easure is th e  “ probable e rro r” which added to and subtracted  from the mean 
determ ines the range within which the chances are even th a t  an item  selected a t  ran
dom will fall.)

8. As all of the instances are included between the curve and the horizontal 
axis, the area between the curve and the horizontal axis represents th e  to ta l num ber 
of items. (A clear appreciation of th is point is im portan t in connection w ith the 
discussion of probable error on pages 237 and  239.)

Referring to Item 1 above, it is obvious from either the table or 
the graph of theoretical frequencies (Exhibits 112 and 113) that the mode 
is 5. I t  is likewise obvious that the mid-item of an array would be in 
the group of 252 fives and that, therefore, the median is 5. Since half

1 See Horace Secrist, “ An Introduction to S tatistical M ethods,” pp. 368-369, The 
M acmillan Company, New York, 1925.

NORMAL CURVE, PROBABLE ERROR, SAMPLING 237

of the total of the values is above and half is below the mid-point, it is 
also obvious that the arithmetic mean is 5. (This figure may be checked, 
if desired, by multiplying each number of heads by the corresponding 
theoretical frequency, obtaining the total of these products, 5 ,1 2 0 , and 
dividing by the number of throws, 1,024.)

Probable Error. -It follows from the preceding discussion that the 
tendencies and characteristics of the normal distribution will provide a 
basis for determining and expressing the degree of precision of averages 
and coefficients insofar as they are conditioned by chance elements. In 
this connection the measure of dispersion known as the “ probable error” 
(P.E.) will now be considered. “ E rror” is used in the sense of deviation, 
and ‘probable” is used in the sense of equally probable.
" The term “ error” must not be confused with “ mistakes” or 
“ blunders” due to carelessness or incompetency in reading figures, 
making computations, or transcribing data. Mistakes can be avoided 
by exercise of care and use of checking methods. But error cannot be 
avoided foi the reason that measurements cannot be absolutely exact. 
Measurements repeated with the greatest care will not yield the same 
results, but the most probable value may be obtained from a number of 
observations by averaging the results, providing the errors of the separate 
observations are accidental, or due to chance, and tend to balance each 
other. Error is the difference between the observed value and the most 
probable value. And error is a deviation—not a mistake.

Various averages and coefficients are calculated from samples. One 
may measure the precision of these averages and coefficients, insofar as 
it is conditioned by elements of chance, by determining the amount or 
size of the probable error. If the deviations from the average are arrayed 
in order of size, irrespective of whether they are above or below the 
average, the central deviation (median) is the “ probable error,” or it is 
the deviation within which it is just as likely as not (that is, the chances 
are even) that any given case chosen at random will fall.

An average computed from the limited number of observations in a 
sample is not likely to be the same as would be obtained from another 
sample of the same size or if all of the items in the universe were included. 
Similarly, differences are likely to occur in the standard deviation and 
other statistical measures. That is, these statistical measures are them
selves variables. As a practical m atter it is not feasible to describe a 
distribution with greater precision than the facts warrant. Therefore, it 
is necessary to know how the statistical measures obtained from limited 
samples are distributed. If successive samples of the same kind are 
chosen at random, and averages or other statistical measures are com
puted for each sample, the distribution of the different computations will 
follow laws of probability, some according to the bell-shaped curve or



238 BUSINESS STATISTICS

normal curve of error which has been described, and others according to 
laws quite different from the normal curve of error. The amount of 
unreliability may be stated in terms of this probable error, which is .6745 
times the standard deviation. (It is to be noted that P.E. in cases 
other than the normal distribution is .6745 times the standard deviation, 
but in these cases it is a range which does not necessarily contain 50 per 
cent of the instances.)

In  further explanation of the probable error concept, let us suppose 
that we have a large number of averages that have been computed from 
different samples selected at random from a large group of items. As 
indicated previously, these averages will differ somewhat from one 
another, although they have been taken from the same universe, and if 
they are arranged in a simple frequency table and plotted as a curve, the 
result will approximate a bell-shaped normal curve. Different normal 
frequency curves vary according to the degree to which the data con
centrate about the mean. Some are relatively “ peaked” while others 
are relatively flat. If the averages computed from the samples as men
tioned above tend to vary but little from the mean, the curve will be 
relatively high and narrow, which indicates only a slight dispersion. 
If the averages tend to vary widely from the mean, the curve will be 
relatively wide and flat, indicating great dispersion. 1 In  both cases, 
however, the curves have the characteristics of the normal curve.

Regardless of such differences in the normal frequency curves as those 
mentioned above, if we measure from the central ordinate a distance to 
the left equal to the standard deviation of the series, and if we measure 
a like distance to the right, and erect ordinates at these points, they will 
cut the curves at the points of inflection. And the area under the 
curve between these two ordinates will be in all cases approximately 
68  per cent of the total area under the curve and, consequently, will 
represent approximately 68  per cent of the total frequencies. That 
is, 68 per cent of the total deviations are within a range described as 
“ plus one” and “ minus one” standard deviation from the central 
ordinate, which, in a normal distribution, represents the mean, as well 
as the median and the mode.2 Similarly, if we measure approximately 
two-thirds (.6745) of the standard deviation in both directions from the 
mean and erect perpendiculars a t these points from the base line to the 
curve, the area enclosed will be an even half of the total under the curve 
and hence will represent one-half of the total frequencies, or the area 
within which there is a 50-50 chance that an item selected at random

1 I t  is understood, of course, th a t the curves are drawn to th e  same or comparable 
scales.

2 Similar percentages can be determ ined for any fraction or m ultiple of the stand
ard deviation.
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will fall. In Exhibit 114 this procedure is applied to a curve of the 
theoretical frequencies of coin throws tabulated in Exhibit 1 1 2  Ordinate
of th aPP“ te1^  two-thirds one standard deviation 'to the left 
of the mean (5), and ordinate B  is the same distance to the right The 
shaded portion represents one-half of the area under the curve and 

the area within which one-half of the items fall. The difference 
between the mean and the value at ordinate A or ordinate B  represents 

e probable error” of the distribution. The standard deviation (S D

there is a 5 0 ^  h ^  theprobable error (p E-) is 1.07. That is, there is a 50-50 chance that an item selected purely at random will fall

a t i o f t o T e  L f to U h e T e l n d )  b T ^  ^  ° f 0M  Standard devi"
shaded portion represents one-hklf of T r t  ,a, th« 8ame distance to the right. The 
Which one-half of the ite m s^ ^ L  T h . ™ th ° ™,rVe' and .is the area w ithin
standard  deviation to the left and to the riifht , aPproxlInat ely tw o-thirds (.6745) of one 
of the distribution. (In this ease P  E =  40 07 Pr° babIe
upon the theoretical d istribution tabu lated  in E xhib it"112.) ( xhibit 114 is based

“  t  1 f t ,0r be<7 e®n 3 9 3  and 6.07. The method of computing 
it u m i distribution is illustrated in Exhibit 115. (Again
it should be appreciated that for purposes of simple illustration the coin

series!) ^  & dlSCr6te SerieS’ ha§ been treated as a c°ntmuous

2  agah- t0  the CUrV6S °f aVerases’ mentioned on pages 237 and
r f :  t K! dlspersi°n m a group is small (that is, if the items are concen- 
rated closely about the mean item and the curve is relatively high and 
arrow) the probable error will be small. And, conversely, if the dis- 

P sion is great (that is, if the items are spread out and the curve is 
relatively low and flat) the probable error will be large

averP2 babler r°ri;0rmi,laS ^  deVel°ped f°r each of the Misticalaverages and coefficients that may be calculated from a sample. In
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each case the probable error is the measure, in the sense here used, 
of the reliability of the given average or coefficient, in terms of the 
probable distribution of a large number of estimates, computed from 
similar samples, about the true value. A detailed or extended considera
tion of probable error is beyond the scope of this study, but it is important

N um ber 
of heads 

(class) 
(a)

Frequency
of

throws
(&)

D eviations 
from 

m ean (5) 
(c)

D eviations
squared

(«0

Product of frequency 
times deviations squared

(6 X d)

0 1 - 5 25 25
1 10 - 4 16 160
2 45 - 3 9 405
3 120 - 2 4 480
4 210 - 1 1 210
5 252 0 0 0
6 210 +  1 1 210
7 120 + 2 4 480
8 45 + 3 9 405
9 10 + 4 16 160

10 1 + 5 25 25

T o ta l................... 1,024 2,560

Substitu ting  the proper figures from the above table  in the form ula for th e  stand 
ard  deviation, we have:

S-D - =  V l S l  -  = 1 -8
P.E . =  .6745 X S.D ., or .6745 X 1.58, or 1.07

E x h ib it  115.— Calculation of the standard  deviation and probable error of the  theo
retical frequencies presented in Exhibits 112 and 113. The above com putation of &.D. is 
made by the  usual process, b u t i t  will be noted th a t it differs from the  illustration  on page 
220 as the above table is a frequency table and th e  squared deviations are m ultiplied by 
the corresponding frequencies.

to consider a few of the more common types. Some of the more impor
tan t probable error formulas are listed at the top of the next page. 1

1 For the purposes of the present discussion, the well-known form ula for S.D.
used in  E xhib it 115 is considered satisfactory, b u t it  should be appreciated th a t while
this form ula is satisfactory for large samples, it  is no t adequate if the sample is small.
Small samples are no t so generally representative and corrections are necessary.
In a case of a sm all sample, th e  best estim ate of the standard  deviation of the universe,
a, is given by

0-2 = —n  — 1

where S  is the  standard  deviation as found from the sam ple and n  is th e  num ber of
item s in the sample.
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1 . P.E. of any distribution = 0.6745 S.D.

2. P.E. of the mean = 0.6745 S'D '

3. P.E. of the S.D. = 0.6745 - ___
V M

(1 — r2)4. P.E. of the coefficient of correlation (r) = 0.6745-----7= —
yJV

The explanation of the probable error of a distribution was included 
in the preceding discussion of Exhibits 114 and 115.

The probable error of the mean is used to determine the reliability 
of an arithmetic average computed from a given sample. It depends 
upon the value of the standard deviation and the number of items in 
the sample. In  applying the above formula, let us assume that we are 
trying to determine the average weekly wage of 10 0 ,0 0 0  factory workers 
in a certain state on the basis of a sample of 1,000. Suppose that the 
average as determined from the sample is $20.00 per week. How much 
should the average obtained from this sample be expected to differ from 
the average of the entire 100,000 workers? Applying the above formula 
for P.E .moan (assuming the standard deviation of the data in the sample 
to be $2 .0 0 ), we have the following:

P.E.,,,»,, = .6745 l2 -°°
V X ooo 

= $.043

The average found in the above investigation, therefore, would be 
stated as $20.00 ±  .043. This means that 50 per cent of the samples 
have a mean which has a value lying between the true value minus 
$.043 and the true value plus $.043. In other words, it is just as likely 
as not that the true value differs from $20 .0 0  by at most $.043.

The probable error of the standard deviation is computed in a similar 
manner. Substituting the above weekly wage data in the formula we 
have:

P.E.„ = .6745 $2-00
V 2  ■ 1000

= .03,

which gives us a measure of reliability of our “ measuring stick.” I t is 
interpreted in a manner analogous to P.E. of the mean. The probable 
error of the coefficient of correlation will be explained in the next chapter 
in connection with the coefficient of correlation.

Standard Error.—Another method of checking reliability is by means 
of the standard error. The standard deviation of a distribution of means
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computed from samples is termed the standard error of the mean (<jM). 
(Without the subscript a refers to the standard deviation.) The standard 
deviation of a distribution of any other statistical measures computed 
from samples is the standard error of that particular measure. The 
probable error is equal to .6745 times the standard error.

The formula for the standard error of the mean (the standard devia
tion of the distribution of the means of samples) is:

—  j *

It will be noted that the computation is like that for P.E. previously 
described except that the factor .6745 is not used.

Significance of Probable Error and Standard Error.—The significance 
of the measures of reliability should be clearly understood. When we use 
a mean, standard deviation, or coefficient of correlation, which has been 
computed from a sample, we assume that it is applicable to a larger group 
or to the universe within certain limits. And the measures of reliability 
enable us to determine the limits within which there is a fifty-fifty chance 
that the results computed from the sample would not vary from the true 
value for the universe.

I t should be clearly understood that probable error and standard 
error can be used to measure only error resulting from variations in 
random samples of the same universe. It should also be understood that 
in economic and business statistics the conditions of purely random sam
pling are rarely fulfilled. The probable error and the standard error 
can give no indication of variations in successive samples due to causes 
other than those arising from the process of simple sampling. Variations 
due to directed or controlled sampling, bias, or mistakes, cannot be 
checked by these methods of determining reliability.

The limitations of the above measures of error are so great when 
applied to business or economic data that they are not often directly 
applied. It is nearly always more satisfactory to make actual statistical 
tests of reliability or stability, by breaking up a given sample into signifi
cant parts and then comparing these parts and studying them for reason
ableness in connection with tests based on outside data. The chief value 
of the study of probability, and measures of error, in business and 
economic statistics is the training that it gives in the analysis of samples 
and distributions. Study and practice in using or in attempting to apply 
the mathematical methods previously described in this chapter will 
enable one to appreciate much more clearly the problem of making other 
kinds of checks to test the reliability of a sample to see if it is satisfactory. 
In other words, while these mathematical methods are seldom applied
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directly in business or economic problems, indirect applications are very 
commonly made and are of great value as background material to the 
practical statistician.

Q uestions and Problem s

1. W hy is it  im portan t to distinguish between occurrences due to  chance and 
those due to directed causes?

2. W hat is the “ norm al curve of e rro r” ?
3. W hat is m eant by “ p robability” ?
4. Explain the law of chance, using coin tossing as an illustration.
6. How is Pascal’s arithm etical triangle constructed and how is i t  used?
6. W hat is the  “ law of norm al frequency” ?
7. W hat are some of the im portan t m athem atical characteristics of the norm al 

curve?
8. W hat is m eant by  “ probable e rro r” ?
9. W hat is m eant by “ standard  e rro r” ?

10. Discuss the significance of probable error and standard  error.
11. C onstruct a binom ial triangle (see E xhibit 111) so th a t you can determ ine 

coefficients to the tw elfth  power.
12. Toss 10 coins 1,024 tim es and compare results w ith the da ta  in Exhibits 

112 and 113.
13. Compute the probable error of the d istribution of the da ta  obtained in P rob

lem 12 (see E xhibit 115). Present graphically as in Exhibit 114.
14. Suppose th a t you are try ing to determ ine the average weekly wage of 50,000 

factory workers in a  certain industrial area on the basis of a sample of 1,000. Suppose 
also th a t the average determ ined from the sample is $18.00 per week and th a t the 
standard  deviation is $1.60. W hat is the probable error of the m ean?

15. W hat is the probable error of the standard  deviation in Problem 14?
16. W hat is the standard  error of the mean in Problem 14?



CHAPTER X II

ANALYSIS OF ASSOCIATED CHARACTERISTICS- 
CORRELATION

Business men are constantly studying a great number of relation
ships, such as the influence of population on the markets for their prod
ucts, the degree to which advertising may be depended upon to increase 
sales, the relation of the price of cotton to the size of the crop, the varia
tion of the production of workers with the length of their experience, or 
the relation between bank profits and the average balance maintained 
by depositors. Such analyses are practically always correlation analyses. 
As a m atter of fact, business is a continual process of association or 
correlation, and the successful business man is an expert at correlation 
analysis, though it is not always in statistical form.

Correlation Defined.—If a department store manager finds that he 
sells many more umbrellas on rainy days than on bright days, he knows 
that there is “ correlation” between the sales of umbrellas and rainy 
weather. However, he knows that as long as there is a possibility of rain 
a t all, he will sell a few umbrellas even though the days are clear. He also 
knows that if there are twice as many rainy or cloudy days in one month 
as in another, he will probably not sell exactly twice as many umbrellas in 
the rainier month. But there will be some correspondence between sales 
of umbrellas and the number of rainy or cloudy days in the month, and 
this correspondence is spoken of as “ correlation.”

When one speaks of correlation between variables, one refers to the 
causal relationship between them. The changes in one variable may be 
the direct cause or effect of those in another, the changes in certain 
variables may be the effects of a common cause, some of the causes and 
effects may be mutually reactive, several independent causes may be 
operating, and so on, but there must be some kind of a causal connection 
if there is to be correlation. If one should find, for instance, that the 
variations in canoe production in Samoa corresponded for a period very 
closely with wool prices in Boston, it would not indicate correlation 
between the two series, unless it could be shown that there was a causal 
connection between them. In analyzing his problems, the business man 
appreciates that there are causal relationships between such series as 
population and markets, sales and advertising, price and production, or 
skill and experience. Just what is cause and what is effect may be diffi-
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cult or impossible to determine, but the degree of correlation tha t results 
may be measured and analyzed.

Methods of Comparing Variables.—As time series occupy such a 
dominant position in business statistics, and as they are so often used as 
illustrations in the present chapter, it is necessary at the outset to under
stand clearly the two commonly used graphic methods of presenting 
time-series correlation. These and other methods will be considered 
again, in greater detail, later in the chapter, but a brief explanation of the

NUMBER OF RAINY DAYS AND UMBRELLAS SOLD

MONTH
JANUARY
FEBRUARY
MARCH
APRIL
MAY
JUNE

NO. OF NO. OF 
RAINY UMBRELLAS 
DAYS * “

14 
8 

18 
10 
22 

9

SOLD 
147 
108 

203 
120 
175 

70
PART A.-TABLE OF DATA

MONTH
JULY
AUGUST
SEPTEM BER
OCTOBER
NOVEMBER
DECEMBER

NO. OF NO. OF 
RAINY UMBRELLAS 
---- SOLDDAYS

3
5
6 I I 

13 
13

30
41
68
96NO

289

NO. OF NO. OF 
RAINY UMBRELLAS 
---- SOLD

NO. OF 
UMBRELLAS 

SOLD

PART B.-H ISTORICAL CURVES PART C .-SCATTER DIAGRAM

E x h i b i t  116.— Two common graphic m ethods of comparing variables in correlation
analysis.

two kinds of correlation graphs will be given at this point in order that 
they may be used at once in explaining the different types of correlation.

One method that the above department store manager could use in 
studying the correlation between rainy days and umbrella sales is to 
plot the data as two historical curves as shown in Part B, Exhibit 116. 
(The numerical data of the two series are presented in Part A.) The 
movements of the two curves correspond very closely (which indicates 
a high degree of correlation) until the month of December is reached, 
when there is a wide divergence, obviously due to the effect of Christmas 
sales. As this method is the same as that previously used in presenting
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time series in this book, it need not be discussed further at this point.
The other graphic method of showing correlation is known as the 

“ scatter diagram.” By this method, the correlation between rainy 
days and umbrella sales may be shown as in Part C, Exhibit 116, where 
the number of rainy days is plotted on the z-axis and the number of 
umbrellas sold is plotted on the -//-axis. That is, to plot the data for 
January, find 14 on the rainy-day scale and plot this value opposite 147 
on the umbrella scale (see Part C, Exhibit 116, in which this particular 
point is underlined). When the corresponding values of two series are 
paired in this manner, the relation between the two is indicated. The 
reader of Part C, Exhibit 116, will recognize rainy days as the independent 
causal factor, and the effect is shown in the dependent fluctuations of 
umbrella sales. In this example, it is clearly indicated that, as the num
ber of rainy days per month increases, the sales of umbrellas tend to 
increase. (The trend line through the points helps to indicate this 
tendency.) However, one marked exception to this tendency appears 
on the chart, in that one dot (near the top of the graph) is far out of line, 
because of Christmas sales, as mentioned previously. 1

Types of Correlation.—Correlation is described or classified in several 
different ways. Three of the most important are: (1) direct and inverse; 
(2) linear and non-linear (curvilinear); and (3) simple, partial, and multi
ple. These will now be discussed briefly.

1. The classification of correlation as direct or inverse is based upon 
direction of change. If, as one variable increases (or decreases), the other 
changes in the same direction, the relation, correlation, or association 
between the two statistical series is said to be direct. Thus, employment 
increases when general business activity increases, and decreases when 
business declines (see Part A, Exhibit 117). If, as one of the variables 
increases, the other decreases—that is, if the changes in the two variables 
are in opposite directions—the correlation between two statistical series 
is said to be inverse. To illustrate, business failures decrease in frequency 
as business improves, and increase as business declines (see Part B, 
Exhibit 117).

1 The two methods discussed above are sometimes designated as secondary and 
primary correlation methods, respectively. The first m ethod (illustrated in P a rt B, 
Exhibit 116) is a secondary correlation m ethod of determining the association or 
relationship between two variables. Their relationship is determ ined by first relating 
each variable to a  common th ird  variable (time, in this case). In  the second method 
(illustrated in P a rt C, Exhibit 116) the variables are directly paired, and the relation
ship is determ ined irrespective of any relationship which m ay exist between each and 
a common th ird  factor. Thus, in secondary correlation, the relationship of the two 
variables is determ ined through the relationship of each variable to a th ird  common 
causal factor, while in prim ary correlation the direct causal relationship between the 
variables is measured. ,
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2 . Whether coi relation is linear or non-linear (curvilinear) depends 
upon the constancy of ratio of change. If the amount of change in one 
variable tends to bear a constant ratio to the amount of change in the 
other variable, then the correlation is said to be linear. Thus one finds, 
ordinarily, that if income is doubled, wealth also is doubled; or if wealth 
is doubled, income is doubled (see Part A, Exhibit 118). This ratio of 
increase tends to remain constant irrespective of the amount of wealth 
or the amount of income. If the amount of change in one variable does 
not bear a constant ratio to the amount of change in the other variable, 
then the correlation is said to be non-linear, or curvilinear. Thus, if 
one should double the amount of rainfall, the amount of wheat per acre 
is not necessarily doubled (see Part B, Exhibit 118). In most elementary 
work, the assumption is made that the scatter diagram tends to form a

INDEX
'NUMBER NUMBER

A. Direct correlation. 7»,—Inverse correlation.
E x h ib it  117— D irect and inverse correlation illustra ted  on a secondary basis. (Hypo-

thetical data.)

straight line; that is, that the correlation is linear. The methods for 
measuring non-linear correlation are much more complicated than those 
for measuring linear relationship.

It should be pointed out that there are very few cases in which the 
relation between the associated series is linear throughout the entire 
possible range of the series. Almost all statistical series have a limiting 
value below which they do not go or above which they do not rise, and as 
the paired values of the series fall nearer and nearer to the limiting value, 
the relation between the correlated series becomes non-linear. Thus, in 
Part A, Exhibit 118, showing the correlation between wealth and income, 
there are some people who have incomes, but who are entirely without 
wealth in the ordinary sense of the term. As a consequence a “ line of 
best fit” would tend to have a greater slope near the lower left corner. 
For practical purposes in business statistics a good rule is: Unless there 
is a fairly well-defined curve relation between the paired values, within 
their ordinary and expected range, the correlation, if any, should be
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presumed to be linear. However, if there is positive evidence that the 
relation is not linear, it is not correct to apply linear-correlation methods.

3. The distinction between simple, multiple, and partial correlation 
is based upon the number of series correlated. When but two attributes 
or characteristics are considered, the problem is one of simple correlation. 
If more than two series are considered, the problem is one of multiple 
or partial correlation. If the correlation is considered as if it included 
more than two variables, it is said to be multiple correlation. If we recog
nize more than two variables, but consider only two variables to be 
influencing each other, the problem is one of partial correlation.

RELATION OF INCOME 
TO WEALTH

(DATA HYPOTHETICAL)
INCOME IN THOU

SANDS OF DOLLARS
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•
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• •

•
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A .—Linear correlation. B .— C urvilinear correlation.
E x h i b i t  1 1 8 .—Simple examples of linear and non-linear (curvilinear) correlation.

To illustrate the problem of multiple correlation we might consider 
the association between the yield of wheat per acre and both the amount 
of rainfall and the average daily temperature. Or, the earnings of factory 
workers might be considered in relation to the amount of output, the 
amount of waste, and the length of experience with the company. In 
such problems the association is considered as a “ combined'’ correlation, 
not as the relationship between individual series.

The problem of partial correlation is that of determining the associa
tion or correlation between two variables when certain other influencing 
variables are held constant, or when corrections and allowances are made 
for these other influencing variables. Thus, in the wheat problem men
tioned above, if we limit our correlation analysis of yield and rainfall to 
periods when a certain average daily temperature existed, or if we treat
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the problem mathematically in such a way that changes in temperatui'e 
are allowed for, the problem becomes one of partial correlation.

In this discussion, only simple correlation will be considered.
Associated characteristics or correlation will now be studied in three 

major parts: (1 ) those processes having to do with the logical analysis 
of correlation; (2 ) those processes by which the amount or degree of 
correlation between data is approximated by graphic and tabular meth
ods; and (3) those processes by which more precise mathematical measure
ments are made of the degree of correlation.

LOGICAL ANALYSIS OF ASSOCIATED CHARACTERISTICS

In logical analysis of associated characteristics in business statistics, 
one seeks to explain the correspondence between the series by means of 
some principle or theory of business. Or, if such principles or theories 
do not adequately explain the correspondence, one seeks to formu
late such hypotheses as will give a consistent explanation of the 
co-relationship.

As was pointed out previously, simple comparison sometimes sug
gests that fundamental relationships may exist between the variables, 
but an understanding or appreciation of the degree and nature of these 
relationships requires more than simple comparison; it requires a correla
tion analysis. The correlation analyses that are constantly being made 
by men in all types of business are ordinarily simply reasoned out with 
but little use of graphic or mathematical methods. The previously 
mentioned department store manager, for instance, knows in a general 
way about what the relation is between rainy days and umbrella sales 
without referring to charts or figures. Graphic and mathematical 
methods, however, will greatly improve the business man’s knowledge 
of the correlations in his business, but they still must be accompanied by 
good judgment. T_hese more accurate methods are becoming more and 
more necessary as competition increases. In all business correlation 
studies, logical analysis ol the associated characteristics, which seeks 
to explain why certain relationships exist, is a fundamental requirement 
if the results are to be reliable and usable.

Simple Cause and Effect Analysis.—Let us first imagine that we 
have two ideal statistical series, of which one is the only cause and the 
other the only effect. Let us further imagine that the cause operates 
independently; that is, that it is in no way influenced by the effect. 
Correlation analysis in such a problem would be simple, but such ideal 
telations do not exist. However, the principal cause may account for 
nearly all of the observed effects, as in the umbrella rainy-day correlation 
previously discussed. The logical analysis then consists of setting up an
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hypothesis, theory, or principle by which the relation of simple cause 
and effect is demonstrated between the two series.

When the correspondence between unemployment and building 
activity, for instance, is analyzed, a somewhat more complicated situa
tion is found. Thus, it is quite certain that the amount of unemploy
ment is affected by factors other than building activity, such as the 
introduction of machinery, importation of cheap labor, and increase in 
efficiency of laborers already employed. Moreover, it is certain that 
building activity causes changes in a large number of series other than 
unemployment.

Association Involving Common Causes.—In the last illustration 
above, the associated series (unemployment and building activity) 
contained but one of the causes (building activity), and it was pointed 
out that many causes may be operating to give a certain measured effect.

In certain problems of correlation, it is definitely known that neither 
of the two series is a cause, but tha t both are effects of a common cause 
or causes. In such problems, an additional complication enters, because 
it is necessary to include in the logical analysis not only the common 
cause, but also the causes which affect one series but which do not affect 
the other. Thus, suppose the problem involves the association between 
unemployment conditions and bank reserves. There would be some 
factors which would affect bank reserves but which would not affect 
unemployment at all, or which affect unemployment in a decidedly 
different manner than bank reserves. Likewise, there would be factors 
which would affect unemployment but which would not affect bank 
reserves at all, or which would affect bank reserves very differently than 
employment. Importation of cheap labor might have little or no 
effect upon bank reserves, but it might have a decided effect upon unem
ployment. Bank laws requiring a definite ratio of reserves to deposits 
would not have much bearing upon unemployment.

I t frequently happens that a common cause will affect one of the 
series before it affects the other. For instance, a certain manufacturer 
of heating equipment has found that the general conditions in the build
ing industry correlate very closely with his volume of business. But, 
he also has found that his business increases about three months after 
building permits increase, and decreases about the same length of time 
after building permits decrease. Such relations between two time vari
ables make it possible to forecast the movements of the series moving 
latest in point of time.

Mutually Reactive Series.—Finally, we come to the most common 
situation in the analysis of associated characteristics in business, namely, 
that in which some of the causes and effects are mutually reactive, in 
which there are some common causes and some common effects, and in
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which there are some independent causes and some independent effects. 
Of the causes in general, some are known, while some are unknown. Of 
the effects, some are known, while some are unknown. Some of the 
causes and some of the effects are not measurable, or, at least, not reducible 
to such form that they can be analyzed statistically. Exhibit 119 illus
trates the situation diagrammatically.

It may appear to the reader that such a problem as th a t indicated 
m Exhibit 119 is impossible to solve. Of course a perfect solution is 
impossible. But it is representative of the problems that the business 
man is called upon continually to solve as best he can. In his logical 
analysis, the business man sorts out the principal causes and effects,

E x h ib it  119. Illustra tion  of a  common problem in the analysis of correlation in business.

and studies their relationships in a practical way. The more he appre
ciates the theory of correlation, the better will be his practical analyses 
of such business problems.

Importance of Logical Analysis of Association.—Logical analysis of 
association or correlation is of great value as a supplementary check upon 
the mechanicalness of mathematical methods (which will be described 
later). It possesses a distinct advantage over mathematical analysis 
in that while a small number of cases may destroy the reliability of some 
phases oi mathematical analysis, such paucity of statistical information 
does not operate to the same extent to destroy the usefulness of logical 
analysis. In logical analysis of association, it is possible to distinguish 

etween causes and effects of major and minor importance, and to dis
criminate between primary and secondary, and between direct and 
indirect causation. This characteristic of logical analysis makes it 
peculiarly useful where multiple and partial correlations are involved, a
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field in which our present-day mathematical methods are none too well 
developed and understood.

Logical analysis should always be employed: (1) to demonstrate the 
likelihood of correlation between statistical series; and (2 ) to explain 
in a consistent manner the association which appears to exist.

GRAPHIC AND TABULAR ANALYSIS OF CORRELATION

Graphic methods are very commonly used in business correlation 
problems. On the whole, carefully handled and skillfully interpreted 
graphs have certain advantages over mathematical methods of deter
mining correlation in the usual business problems. The elements of 
judgment and special knowledge of conditions can be more easily intro
duced in studying correlation graphically. Mathematical correlation 
is often much too rigid for the data at hand.
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A .— Good proportions. B. -D isto rted  proportions.
E x h ib it  120.— Relations of scales for correlation charts.

The Scatter Diagram.—Scatter diagrams, such as presented in 
Exhibits 116 and 118 earlier in this chapter, represent a widely used 
graphic form for showing the correlation between two statistical series. 
In this type of diagram, the two series are paired, and the paired values 
are then plotted in the same manner as the points were plotted on the 
graphs discussed in Chapters V and VI.

In preparing a scatter diagram, the horizontal and vertical scales 
should be so chosen that adequate space is provided for the range of the 
data of both series. In Exhibit 120, Part A illustrates the use of approxi
mately equal scales, while Part B  illustrates the use of different ranges. 
The dashed line or “ line of best fit” through the dots in Part A, Exhibit 
120, approximates an angle of 45 degrees and the dots are distributed 
along a narrow band which follows this line. 1 In Part B the same data

1 Such “ lines of best f i t” m ay be m athem atically  com puted by  the method of 
least squares. In  E xhibit 120, however, the lines were drawn in free hand. This 
method of “ fitting the line by inspection” is sufficiently accurate for m ost practical
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are scattered along a narrower band and a lesser slope. The narrower 
band and lesser slope result because the scale on the z-axis is relatively 
large in relation to the scale on the y-axis.

A number of methods are available by which it is easy to make a 
straight line of best fit (if there is one) approximate a 4 5 -degree angle. 
1 robably one of the simplest is that by which the ratio between the scales 
is made inversely proportional to the ratio of the ranges of the data. 
I hat is, if the range oi the x data is 400 building permits and the range of 

the y data is $5,000,000, then the scale for x would be to the scale for 
y in the ratio of 5,000,000:400, or 12,500:1. A convenient approxima
tion is usually satisfactory, which in the preceding case might be 1 0 ,0 0 0 : 1 , 
so that the same linear distance would represent $10 ,0 0 0  for y as repre
sented 1 building permit for x. If the data include items of unusual size, 
it may be better to make the x- and ^/-scales inversely proportional to the 
differences between the upper and lower quartiles. Thus, if the difference 
between the upper and lower quartiles on the x-axis is $2 0 ,0 0 0 ,00 0  of 
bank debits, and that on the y-axis is $25,000,000 of bank clearings, then 
the x-scale to the i/-scale would be (inversely) 25,000,000:20,000,000, or 
5:4. That is, the same distance would indicate $4,000,000 on the z-axis 
as would indicate $5,000,000 on the y-axis.

Scatter Diagrams May Indicate Both the Degree and the Type of 
Association.—The extent to which the paired data points tend to fall 
in a narrow band gives an indication of the degree of association between 
the two statistical series. In the charts in Exhibit 1 2 1 , the first two 
(A and B) show a high degree of correlation because the points fall within 
a narrow band, and the last one (C) shows low or no correlation because 
the points are so widely scattered.

The direction of the slope of the line of best fit (if the data lie fairly 
close to it) gives an indication of the type of association. If the correla
tion is direct, the data will be distributed in a narrow band running from 
the lower left-hand corner to the upper right-hand corner of the diagram 
(see Part A, Exhibit 1 2 1 ). If the correlation is inverse, the data will 
be distributed in a narrow band running from the upper left-hand corner 
to the lower right-hand corner of the diagram (see Part B, Exhibit 1 2 1 ).

business problems, and it  facilitates a judicious weighting of the observations There 
are two ordinary lines of best fit or “ regression lines,” one of y  on x, and one of * 
on y. The dashed line in E xhibit 120 lies halfway between them . The ordinary 
least squares line of best fit (see pages 297 and 298 for com putation m ethod) when y 
(hours) is the dependent variable is th e  one which minimizes the sum of the squares of 
the vertical y (hour) deviations. N ote th a t in Exhibit 126, page 259, the lines are 
generalized to read x  on y  as well as y  on x. To give the best estim ates of y  from x, the 
lines should be so drawn as to minimize the sums of the squares of th e  ’ver
tical deviations. (See also footnote on page 259 for regression line formula.)
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The use of the scatter diagram as a means of estimating the degree 
of correlation possesses the very desirable advantage that it is no more 
influenced by items of extreme size than by items of usual or average size. 
Some of the statistical methods of a mathematical nature, however, 
are decidedly influenced by extreme items. In  fact, an item of extreme 
variation may have such influence as to give a mathematical expression 
of low association when there is really high association present and vice 
versa.

The Correlation Table as a Means of Estimating Association.—
If, instead of recording the positions of the paired x and y values by 
means of a dot, the number of values falling within certain scale limits

R E L A T IO N  B E T W E E N  
A C R E A G E  A N D  PR O D U C T IO N  

O F  W H E A T

(data  hypothetical)
MILLIONS 

OF BU.

R E L A T IO N  O F  P R IC E  
O F  W H E A T  T O  S IZ E  

O F  C R O P

(data hypothetical)
DOLLARS”
PER BU.

R E L A T IO N  O F  Y IE L D  
O F  W H E A T  P E R  A C R E  

T O  P O P U L A T IO N

(DATA HYPOTHETICAL)
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•
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•
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D
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X
MS OF

8 10 
ACRES

D 20 4 0  60 80  100 
MILLIONS OF BUSHELS

0 20  4 0  60 80  100 
MILLIONS OF PERSONS

A.—High direct correlation. B.—High inverse correlation. C.—Low or no correlation. 
E x h ib it  121.—Scatter diagrams indicating type and degree of correlation.

were counted and recorded, we would have what is known as a correlation 
table. The choice of scales for the construction of this table is exactly 
the same as for the construction of the scatter diagram. Three correla
tion tables are presented in Exhibit 122. Part A shows a high degree of 
direct correlation; Part B  shows a high degree of inverse correlation; and 
Part C shows very low or no correlation.

The interpretation of the correlation table is the same as the inter
pretation of the scatter diagram. It has an advantage to those who are 
numerically minded, in that it gives the number of cases within the 
selected class intervals. It has a disadvantage, as compared to the 
scatter diagram, in that it does not indicate accurately the position of 
the actual points except as falling between certain limits. In fact, it is 
necessary to assume that all the points indicated by the frequencies fall 
at the intersection of the means of the class limits.

Correlation of Historical Curves.—If two historical curves are com
pared and it appears that one of the series tends to move in a definite

R e l a t i o n  b e t w e e n  T o t a l  A c r e a g e  a n d  T o t a l  P r o d u c t i o n  o f  W h e a t

(D ata  hypothetical)
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Production 
(in millions

Acreage (in millions of acres)

of bushels) 0 to  2 2 to  4 4 to 6 6 to  8 8 to  10

80 to 100
60 to 80 2 g

0

40 to 60 2 12 4
20 to 40 2 9 1
0 to 20 4 2

A .— High direct correlation.

R e l a t i o n  o p  P r i c e  o p  W h e a t  t o  S i z e  o p  C r o p  

(D ata hypothetical)

Price (in 
dollars per 

bushel)

Crop (in millions of bushels)

0 to  20 20 to  40 40 to 60 60 to 80 80 to 100

1.60 to 2 .00 1 5 1
1.20 to 1.60 2 10 3

.80 to 1.20 , , 5 10 3

. 40 to . 80
0 to . 40 7

1

B .— High inverse correlation.

R e l a t i o n  o p  Y i e l d  o p  W h e a t  p e r  A c r e  t o  P o p u l a t i o n  

(D ata hypothetical)

Yield (in 
bushels

Population (in millions of persons)

per acre) 0 to  20 20 to  40 40 to  60 60 to  80 80 to 100

16 to 20 1 1
12 to 16 3 4 6 f;
8 to 12 1 7 6 7 5
4 to 8 1 2 1 1
0 to 4

C.—Low or 110' correlation.
X H iB iT 122,— Illustra tions of simple correlation tables. (D ata  same as shown on scatter

diagrams in Exhibit 121.)

relation to the other, then the two curves are said to show correlation, 
uch correlation studies of time series represent the most common form
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of correlation in business. The charts shown in Exhibit 123 indicate 
how such curves appear when they are plotted as ordinary time curves. 
Part A  shows high direct correlation, Part B  shows a high degree oi 
inverse correlation, and Part C shows very lowr or no correlation. Exhibit 
124 indicates a high degree of correlation in the major movements of 
building activity in seven sections of the United States.

In making correlation analyses of historical curves, great care should 
be taken that instances of close correspondence, which do not represent 
actual correlation, be recognized. Spurious correlation is often found 
between two time series, and frequently it can be made very high by

R E L A T IO N  B E T W E E N  
A C R E A G E  A N D  PR O D U C T IO N  

O F  W H E A T

(DATA HYPOTHETICAL)

INDEX 
NUMBERS 

100

75

25

A C R E A G E

>
j ' f  s '

f t  PR O DUCTION

R E L A T IO N  O F  P R IC E  
O F  W H E A T  T O  S IZ E  

O F  C R O P

(DATA HYPOTHETICAL)

INDEX 
NUMBERS 

100

1925

75

50

25

PRODUCTIO
^  /V

/  v
XPRICE

1875 1900 1925

R E L A T IO N  O F  Y IE L D  
O F W H E A T  P E R  A C R E  

T O  P O P U L A T IO N

(data  hypothetical)

INDEX 
NUMBERS 

100

75

25

0

PO P U L A T IO N

YIELD PER ACRE
1875

YIELD PER ACRE
1900 1925

A.— High direct correlation. B.— High inverse correlation. C.—Low or no correlation. 
E x h i b i t  123.— Historical curves indicating type and degree of correlation.

wrongly introducing the element of time lag, particularly when the series 
are short. 1

Certain causes take effect on some series much more slowly than on 
others. In such instances it is necessary to correct for lag before attem pt
ing to determine the degree of correlation. Another important correction 
that often must be made is that for price changes. These corrections will
now be discussed.2

Graphic Determination of Lag.—There are two commonly used 
graphic methods of determining the amount of lag, when it exists, between

1 See M. C. R orty, “ S tatistics and the Scientific M ethod,” Presidential Address, 
Ninety-second Annual Meeting, American Statistical Association, December 31, 1930, 
published in the Journal of the American Statistical Association, pp. 1—10, M arch 1931.

2 Correction of tim e series for trend  and seasonal variation in correlation analysis 
will be discussed in Chap. X V I (pp. 341 and 342) after statistical m ethods of deter
mining and elim inating long-time trend  and  seasonal variation have been explained.
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two correlated time series. One is by means of the scatter diagram; 
and one is by means of ordinary historical curves.

To determine the amount of lag by the scatter diagram, it is necessary 
to construct scatter diagrams with the data paired with different lag. 
Thus, one might construct one diagram with no lag at all; that is, with 
the Januarys paired together, Februarys paired together, etc. Another 
might be constructed with January of one series paired with February 
of the other, etc., which would be one month lag. Still other scatter 
diagrams might be constructed with two, three, four, etc., months lag.

BUILDING ACTIVITY IN 
SEVEN SECTIONS OF THE UNITED STATES 

1910-1933
(IN PERCENTAGES FROM NORMAL]

P ER  CEN T

NEW ENGLAND ------------W EST NORTH C E N T R A L
MIDDLE A T LA N T IC  ------------SO UTH A T L A N T IC

.............EAST NORTH C EN TR A L ..............SO UTH CENTRAL
WESTERN

E x h i b i t  124. Correlation of a group of tim e series.

The scatter diagram which most closely groups the data along a straight 
line indicates the lag. Thus, in the three charts in Exhibit 125, the data 
for one and three months lag are not so closely concentrated as the data 
for two months lag. Consequently, it is said that the series has a two 
months lag. With this method it is never possible to determine the 
exact amount of the lag closer than the time interval of the data. Thus, 
" ith  monthly data, one month is the closest possible determination.

To determine the amount of lag by means of ordinary historical curves, 
it is necessary first, to make the proper corrections as if for purposes of 
correlation only, and second, to plot the two curves (to the same horizon
tal scale) on two separate sheets of paper (translucent paper is preferred).
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With the two curves on separate sheets of paper, they are held before a 
light sufficiently strong to make both curves appear fairly clear. Next, 
the curves are moved back and forth horizontally until the best fit is 
obtained and the amount of displacement on the x-scale is noted. The 
amount of this displacement is the amount of the lag. Thus, assuming 
that speculation moves ahead of general business, the monthly data 
representing the two series are plotted, and then the curves are shifted 
until they come closest to coinciding with each other. The amount of 
displacement is the lag. This method gives a somewhat more accurate 
estimate of lag than does the scatter diagram, since the lag can be esti
mated to the fraction of a month. Although neither method can be 
depended upon for precise measurement, especially where the degree of 
correlation is not high, both are accurate enough for most practical 
business purposes.

S A L E S  IN 
M ILL IO N S  

4  -------

0 10 20 30 40 
B A N K  D EB 1 T S - M ILL IO N S

A .— One m onth lag.

S A L E S  IN 
M ILL IO N S

4  -------

0  10 20 30 40 
B A N K  D E B IT S - M IL L IO N S

B .— Two m onths lag.

S A L E S  IN 
M ILL IO N 6  

4  --

E x h i b i t  125.— Determ ining lag with sca tter diagrams.

'  0  10 20 30 40  
BA N K  D E B IT S - M IL L IO N S

C.— Three m onths lag.

Correcting for Price Changes in Correlating Time Series.—If two
series are not affected in the same way by prices or changing monetary 
values, a correction must be made before correlating them or an incorrect 
idea of the correlation may be gained. Thus, suppose that the value of 
pig iron is correlated with the tonnage of steel over a period of years, 
or that the volume of bank clearings is correlated with the number of men 
employed. If the series containing the price elements are not corrected 
for changes in the value of the dollar, the apparent degree of correlation 
may be very inaccurate. The customary method of correcting such 
series is to divide through by the proper index numbers of prices. Care 
should be exercised, however, to use the proper index.

Estimating from a Scatter Diagram.—If a scatter diagram is con
structed for the purpose of estimating the degree of association between 
two statistical series, it is possible to make a rough estimation of one 
of the variables from a known value of the other, by a purely empiric al 
process. The first step after constructing the scatter diagram is to draw,
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as accurately as possible, a line of best fit. Part A, Exhibit 126, illustrates 
such a scatter diagram with a straight line of best fit drawn in free hand 1 

To make an estimate from Part A, Exhibit 126, suppose tha t the 
amount of bank debits in a given week is $30,000,000, and we desire to 
estimate the corresponding bank clearings. A line is drawn from $30,- 
0 0 0,000  on the x-scale (bank-debit scale) parallel to the y-axis until it
C LEA R IN G S  
IN M ILL IO N S

P IE C E S  
P E R  DAY

CO RN  IN 
BU. P E R  A.

M O N THS E X P E R IE N C E

B Q
E x h i b i t  1 2 6 ,— In  Part; A, estim ation is easy th roughout the range. In  P arts  B  and C, 

i t  is very difficult in portions of the curves. (Data hypothetical.)

intersects the line of best fit. Then a line is drawn horizontally from 
this point of intersection to the y-scale (bank clearings). The desired

1 In order to estim ate the m agnitude of one variable from a known value of the 
other the line of best fit m ay be determ ined m athem atically  by  the com putation of 
the line of regression.”  This line is the line of typical relationship of values of one 
variable (y) upon values of the o ther variable (*). By com puting the line of regres
sion, the probable or typical value of the one variable (y) can be read as the ordinate 
corresponding to the abscissa which represents the given value of the o ther variable

The slope of the line of regression (when i t  refers to  the relationship of two 
variables only and when the line of relationship is a stra igh t line) m ay be com puted 
■ y eterm ining the regression coefficient (6) of the one variable upon the o ther (v 

upon x) by the formula

b — r—

This form ula gives the slope of the line of regression, and the procedure for the deter
m ination of the points on the line is similar to  the com putation of the ordinates of 
trend m  the method of least squares after the trend  increm ent has been determ ined
I  he regression coefficient is applied to the average of the ^-values in the same m anner 
as the trend  increm ent is applied in the com putation of the line of trend.

I t  is also possible to  determ ine by form ula a line of “ m ultip le” regression which 
can be u sed 'to  estim ate an  unknown variable th a t  is dependent upon two or more 
known variables. This line shows the characteristic relationship between the two 
or more causal factors or variables, and the one result or dependent variable For 
example, it  m ight show the typical relationship between rainfall, sunshine, and tem 
perature on the one hand, and the size of the cotton crop on the other.
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estimate of the bank clearings is thus found to be $25,000,000. The 
value for any other estimate would be found in the same way.

It is possible to estimate one of the variables from the other incases 
where the data do not approximate a straight line, although the accuracy 
of such an estimate is not always so satisfactory as where the relation is 
linear. 1 Thus, in the last two examples given in Exhibit 126, it is difficult 
to estimate the y-variable from certain values of the re-variable. In 
Chart B, the number of pieces change so rapidly during the first month 
that it is difficult to make an estimate during the period. In  Chart C,

COMPARISON OF RAILROAD AND MOTOR TRUCK 
FREIGHT C O S T S  IN RELATION TO  DISTANCE

(DATA FROM TH E BO STO N  N E W S  BU R EA U , N O VEM BER  8. 1921)
DOLLARS
PER  CWT. ____________

RAILROAD --

___

/*

—■ ----®

V
/  MOTOR T RUCK

/

50 100 150 200 250
MILES

E x h ib it  127.— G raphic comparison of correlations.

yield is difficult to estimate between 60 and 70 degrees, and between 110 
and 120 degrees, because it (the yield) changes so rapidly. If, in this 
chart (Exhibit 126, Part C), one should wish to estimate the values of x 
from y (which is the reverse of the customary process as previously men
tioned) he would find two values for x, each of which, so far as the chart 
is concerned, is equally true. In both of the charts the dependent vari
able has been plotted along the y-axis. 2

1 I t  is im portan t th a t  the “ causal” or independent variable, if it  is known, be 
plo tted  along the x-axis. This has come to  be the custom in making scatter diagrams. 
E stim ation is no t always feasible from the dependent or “ effect” variable.

2 See footnote on p. 252.
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Comparison of Correlations.—A practical example of graphic com
parison of correlations is presented in Exhibit 127, which shows the 
relation between cost and distance for both railroad and motor-truck 
freight. By referring to this chart, one sees that according to the sample 
there was a tendency for truck transportation to be cheaper than railroad 
freight transportation up to about 125 miles, but for greater distances 
railroad freight costs were the lower.

MATHEMATICAL MEASUREMENT OF CORRELATION

The most common mathematical expression of the degree of correla
tion is known as the coefficient of correlation. I t  is customary to use the 
letter r as the designation of this coefficient. The common coefficients 
of correlation fluctuate between two numerical limits, + 1  and - 1 .  The 
limiting values, + 1  and —1 , represent perfect direct and perfect inverse 
correlation, respectively. Zero represents complete absence of correla
tion; a value of r between zero and + 1  indicates a degree of direct cor
relation, while a value between zero and — 1 indicates a degree of 
inverse correlation.

Many methods have been developed to give a mathematical expres
sion of the degree of association or correlation between two or more series 
of quantitative data. Only one of the most commonly used of these 
methods (the Pearsonian) will be discussed in this text.

The Pearsonian Coefficient of Correlation.—If two statistical series, 
when plotted on a scatter diagram, tend to approximate a straight line, 
then the most widely used mathematical method of measuring the degree 
of association or correlation between the series is what is known as the 
Pearsonian coefficient of correlation.

The formula for computing Pearsonian r is:

r = - * 2 L ,N<r xa y

in which x and y are the deviations from the means while <rx and o> are 
the standard deviations of the X- and F-series. N  has the usual 
meaning. 1

1 A large num ber of formulas or transform ations of this same form ula have been 
proposed for expressing the  calculation of the Pearsonian r, b u t the one given is the 
most common. Since

a* = V ?  and = V i r ’
the  form ula given above m ay be expressed

Zxy ~Zxy
r = -----  r==- or ■ ■.. - •

V  V  2?/2 \ / 2 x 2 • 2 y 2

If the da ta  are expressed in  term s of their standard  deviations, r becomes the
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The steps in the calculation of r by this method may be summarized 
as follows:

1. Set up th e  data  in two columns, which we shall call X  and Y  (see E xhibit 128).
2. F ind the  arithm etic mean of each column.
3. F ind the differences of the individual item s from the mean by subtracting  the 

mean from th e  items, and enter these differences, w ith the proper sign, in two new 
columns headed x  and y.

4. Square th e  individual differences set up  in  each of the columns x and y  and  enter 
in two additional columns headed x 2 and y2.

5. M ultiply each pair of differences together (the item s in columns x and y  found 
in Step 3), and enter in column xy. Then find th e  to tal, taking the signs into con
sideration. (This to tal, 1,156 in E xhibit 128, is the num erator of the formula.)

6. Divide the to ta l of the x 2 column (496) by the  num ber of item s (11) and  extract 
the square root (6.7) to  get th e  standard  deviation of X .  Then repeat the process 
w ith th e  j/2 column to  get the standard  deviation of Y  (19.1).

7. M ultiply together the num ber of item s (11), the  standard  deviation of X  (6.7), 
and the standard  deviation of Y  (19.1). (This is the denom inator of the formula.)

8. Divide th e  to ta l obtained in Step 5 (1,156) by the product obtained in  Step 7 
(1,407.6). The answer (.82) is the coefficient of correlation.

Probable Error of the Coefficient of Correlation.—Coefficients of 
correlation are ordinarily computed from samples. The above coefficient, 
for instance, was computed from a sample time period of 11 years (Exhibit 
128). When a sample is used as the basis for statistical analysis, it is 
important from an interpretative point of view to inquire into the degree 
of reliability which may be present in the results. As pointed out in the 
preceding chapter, the reliability insofar as it depends on the conditions 
of random sampling can be determined by computing the probable error.

The probable error of the coefficient of correlation is computed by the 
formula:

1 — r 2P.E.r =  .6745-—j=~)
V  n

in which r is the coefficient of correlation and n  is the number of pairs of 
items.

Carrying out the computation of the probable error, assuming a 
coefficient of correlation of .90 computed from a sample of 25 pairs of 
items we have:

1 — 902 P.E.r = .6745 or .03.
V 25

average product of such deviations, or

x' and y' being the deviations of the respective variables from their means reduced to 
term s of their standard  deviations.

Any advanced textbook on statistical methods will give other formulas, and other 
ways of expressing the above formulas.
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According to the foregoing computation, therefore, there is a 50:50 chance 
that the value of r is located within ± .03 from the true correlation coeffi
cient for the universe. A complete statement of this coefficient of 
correlation (with its probable error), then, would be .90 +.03.

Year

N um ber of 
building 
perm its 

(thousands)

X

Value of 
building 
perm its 
(millions 

of dollars)

Y

Devia
tions 
from 

mean of 
num bers

X

Devia
tions 
from 

m ean of 
values

y

| Devia
tions 
from 

mean of 
numbers 
squared

X 2

Devia
tions 
from 

mean of 
values 

squared
v '1

Deviations
multiplied
together

xy

1927 21 41 - 1 0 - 2 3 J00 529 +  230
1928 18 34 - 1 3 - 3 0 169 900 +390
1929 23 38 -  8 - 2 6 64 676 +208
1930 34 67 +  3 +  3 9 9 +  9
1931 36 68 +  5 +  4 25 16 +  20
1932 38 84 +  7 + 20 49 400 +  140
1933 38 76 +  7 +  12 49 144 +  84
1934 36 72 +  5 +  8 25 64 +  40
1935 32 99 +  1 + 35 1 1,225 +  35
1936 33 67 +  2 +  3 4 9 +  6
1937 32 58 +  1 -  6 1 36 -  6

Total 341 704 496 4,008 1,156
Average^ 31 64

Ihen , since 2 xy = 1,156, N  = 11, a x  = 6.7, and ay  =  19.1, substitu ting  in the 
formula,

r = XxV 
NaxaY

we have

E x h i b i t  128. Calculation of the Pcarsonian coefficient of correlation.

I he measures of probable error can be properly used, however, only 
when the three following conditions exist: (1 ) The whole of the data must 
approximate a normal frequency curve (bell-shaped curve). (2) The 
statistical measure for which the probable error is computed must have 
been calculated from a sample. (3) The sample must have been selected 
in an unbiased manner, and the individual items must be independent. 
Since these conditions are seldom even approximated in business data, 
especially in time series, and since the significance, if any, of probable
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error computed from time series is not well understood , 1 the degree of 
reliability of a statistical result or coefficient in most business data must 
be determined largely, if not entirely, on the basis of exterior tests of 
reasonableness which are often of a non-statistical character . 2

Interpretation of the Coefficient of Correlation.—General rules for 
interpreting the size of the coefficient of correlation are more or less 
arbitrary, but are of considerable aid to the beginning analyst. For 
general work the following are suggested (it being understood that the 
coefficient to be reliable must be at least 6 P.E.r in all instances and that 
the results of other tests are satisfactory):

1. If the coefficient is greater th an  .95, there is a  high degree of correlation between 
the variables and one of them  m ay be quite accurately estim ated from a known value 
of the other.

2. If the coefficient is greater than  .75, bu t less th an  .85, there is a  decided am ount 
of association between the two series, and one of th e  variables m ay be estim ated fairly 
well from a known value of the other.

3. If the coefficient is greater than  .40, b u t less th an  .60, there m ay be a  fair degree 
of association between the two series, b u t any estim ate of one variable from a known 
value of the other would ordinarily be of b u t little  practical value.

4. If the coefficient is less than  .35, there is b u t little  association present between 
the two series, and one of the series cannot be used as the basis for estim ating the 
value of the other.

These general rules, of course, are arbitrary, and for this reason gaps 
were left between the general zones.

In interpreting the coefficient of correlation, with regard to the extent 
to which the coefficient is subject to the variations of a chance character, 
the usual statistical practice requires that the size of the coefficient shall 
be at least six times as large as the probable error.

There are two conditions frequently found in correlation problems 
which may more or less destroy the usefulness of the Pearsonian coefficient 
mentioned above. They are: (1) the data may differ materially from a 
straight line distribution on the scatter diagram; and (2 ) items of extreme 
deviation from the main data may unduly influence the coefficient. If a 
Pearsonian coefficient of correlation is computed for a series such as that 
shown in Part B, Exhibit 118, a very low coefficient will be obtained, 
whereas the correlation is, in fact, very high.

Multiple and Partial Correlation.—Mathematical methods for com
puting multiple and partial correlation and other devices used in estimat
ing correlation are sometimes valuable to the professional statistician.

1 See W arren M. Persons, “ Some Fundam ental Concepts of S tatistics,”  Journal 
of the American Statistical Association, pp. 4-8, M arch 1924, Presidential Address, 
Eighty-fifth Annual M eeting of the American Statistical Association.

2 See E dm und E. D ay, “ Statistical Analysis,” pp. 378-381, The Macmillan 
Company, New York, 1925.
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Those who wish to pursue such study further will find the subjects dis
cussed in the more mathematical or advanced texts on technical methods. 1

Special Corrections in the Mathematical Correlation of Time Series.—
Before time series are correlated mathematically, it is often necessary 
to make several special adjustments or corrections. Four of the more 
important types are: (1 ) trend; (2 ) seasonal variation; (3 ) price changes; 
and (4) lag. The customary method of allowing for trends is to reduce 
the series to terms of deviations from their trends. The type of trend, 
however, should be carefully selected, and only that trend should be 
used which is the most representative. Differences in types of trends 
in the different series (straight lines, curves, etc.) do not have an impor
tant bearing on the calculation of the coefficient of correlation. As in 
the case of the trend, any satisfactory method .of calculating the seasonal 
variation is acceptable for correlation purposes. These corrections will 
be discussed again in Chapter XVI, after trends and seasonal variation 
have been studied in some detail. The customary way of correcting the 
price changes (or changing monetary values) is to divide by the proper 
index number of prices. When the effects of a common cause do not occur 
at the same time, the correlation should be determined after allowing 
f or the proper lag. The determination of lag may be facilitated by the use 
of the coefficient of correlation. Since the corrections for price and lag 
have been considered previously in the graphic correlation of time series, 
it will not be necessary to consider them in detail at this point.

Determination of Lag by Coefficient of Correlation.—I t  has been 
shown how an approximation of the amount of lag between two statistical 
series may be made by means of the scatter diagram, and, also, how a 
somewhat closer estimate may be made by horizontal adjustment of the 
curves when plotted on separate sheets of paper and held up to the light. 
A more precise measurement of the amount of lag may be made through 
the use of the coefficient of correlation. The method is simple and is 
applied as follows:

* Excellent discussions of m athem atical correlation will be found in F. C. Mills, 
‘‘Statistical M ethods,” H enry H olt & Company, New York, 1924 and 1938; E. E. D ay' 
‘S tatistical Analysis,” The M acmillan Company, New York, 1925; R. E. Chaddock! 

‘■Principles and  M ethods of S tatistics,” Houghton Mifflin Company, New Y ork’ 
1925; W. L. Crum and A. C. Patton , “ Economic S tatistics,” M cGraw-Hill Book 
Company, Inc., New York, 1925; G. U. Yule, “ An In troduction  to  the Theory of 
S tatistics,” Charles Griffin and Company, Ltd., London, 1924; Mordecai Ezekiel, 

M ethods of Correlation Analysis,” John Wiley & Sons, Inc., New Y ork 1930- 
George R. Davies and W alter F. Crowder, “ M ethods of S tatistical A nalysis’” John 
Wiley & Sons, Inc., New York, 1933; Frederick E. Croxton and D udley J  Cowden 
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1. C alculate coefficients of correlation w ith different pairings of the data . Thus, 
for th e  first calculation the m onths would be paired w ithout any lag; a second calcula
tion w ith one m onth  lag; a th ird  w ith two m onths lag, etc. The num ber of coefficients 
necessary m ay usually be determ ined from an estim ate of the lag by one of th e  methods 
suggested above.

2. P lo t the coefficients obtained from Step 1 on arithm etic coordinate paper and 
draw a sm ooth curve through them  (see E xhibit 129). (For very precise work the 
curved line is fitted m athem atically.)

3. D eterm ine th e  point on th e  smoothed curve which is highest. (See “Z ” on the 
curve in E xhibit 129.) This indicates the am ount of lag; th a t is, when this am ount of 
lag is allowed for, the correlation will be g reatest.1

Limitations Must Be Appreciated in the Analysis of Associated or 
Correlated Characteristics.—In the practical application of these methods

SIZE
COEFFICIENT

E x h i b i t  1 2 9 .— Graphic determ ination of the  am ount of lag from a sm oothed curve fitted
to coefficients of correlation.

for analyzing associated or correlated characteristics, it is exceedingly 
important that due care be taken to observe their limitations.2 While

1 For very accurate work one would take the first derivative of the equation of 
the fitted curve, equate it  to zero and solve for x.

2 “ The dangers th a t lie in undue reliance upon coefficients of correlation, the 
harmonic analysis, and o ther forms of rigid m athem atical trea tm en t of complex 
statistical da ta  can hardly be overestim ated. I am  inclined, in fact, to believe it 
should be a m atte r of fundam ental principle for all statistical conclusions to be reached 
primarily through logical and experimental processes, supplem ented by a very simple 
numerical and graphical analysis. The more elaborate m athem atical trea tm en t 
should then  be applied, if necessary, as a  check and verification of the results th a t have 
been arrived a t  by these other m eans.” From M. C. Rorty, “ Statistics and the 
Scientific M ethod,” Presidential Address, Ninety-second Annual Meeting, American 
Statistical Association, December 31, 1930, published in the Journal of the American 
Statistical Association, pp 1-10, M arch 1931.
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ordinary static series, or geographic series not involving a consideration 
of time, may ordinarily be analyzed satisfactorily, the methods herein 
described must be applied with care in purely time series. Constant 
changes in business make it dangerous to go back very far in time to 
prove anything about today. Quantitative methods do not possess that 
discriminatory power which enables them to judge between good and 
bad figures, between applicable and non-applicable facts, or between 
cause and effect. Accordingly, they often give peculiar results; in every 
case they should be checked by other methods not subject to the same 
type of error. I t  is not final to check one statistical method by another; 
both are quantitative and both are subject to similar limitations. In 
no part of statistical analysis is this caution more important than in the 
analysis of associated characteristics or correlation.

Questions and Problem s
1. W hat is m eant by correlation?
2. S tate two methods of comparing variables, and explain how each m ethod can 

be presented graphically.
3. W hen is correlation direct? When is it  inverse?
4. Describe linear correlation. When is correlation curvilinear? Which is the 

more common, and which is usually assumed in  elem entary statistical work?
5. How m any series of variables can be m easured as to their correlation?
6. W hat is “ sim ple” correlation? W hat is “ m ultip le” correlation? W hat is 

“ p a rtia l” correlation?
7. W hat are th ree processes or ways in which correlation m ay be studied?
8. In  w hat w ay are variables studied in logical analysis of associated character

istics?
9. Explain how causes m ay act on the variables studied, naming a t  least four 

ways.
10. For w hat two uses should logical analysis always be employed?
11. How are charts and tables used in studying correlation? W hat is a scatter 

diagram ? How is it  m ade? W hat does it show?
12. In  fitting a “ line of best f i t” to data  on a scatter diagram, w hat direction or 

angle should the line take in relation to the base line? How is the presence or absence 
of correlation determ ined after th e  line of best fit has been draw n? W hat relation
ship or ratio  should exist between the values on the two scales in order to obtain the 
proper angle for the line of best fit?

13. Describe the construction of the correlation table. Does its purpose differ 
from  th a t  of the scatter diagram ?

14. How is the direction and degree of correlation determined from correlation 
charts upon which historical da ta  have been plotted?

16. In correlating historical (time-series) data , w hat influences may operate to 
indicate spurious correlation?

16. How can the approxim ate period of lag of one series in relation to ano ther be 
determ ined?

17. W hen should corrections be made for price influences before correlating tim e 
series? How m ay they be made?

18. Describe how and when the estim ation of the value of one variable can be 
made from a known value of another variable by use of the sca tter diagram.
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19. W hat is m eant by  the “ coefficient of correlation” ?
20. S tate the steps in the com putation of the Pearsonian coefficient of correlation.
21. W hat is m eant by “ probable error” of the coefficient of correlation? How is 

this probable error com puted?
22. Before undertaking the m athem atical m easurem ent of correlation, w hat four 

im portan t ad justm ents or corrections does one often find necessary ?
23. Describe the m ethod of determ ining the am ount of lag by the use of coefficients 

of correlation.
24. W hat are some of the lim itations of quan tita tive  m ethods of measuring or 

analyzing associated or correlated characteristics?
25. D eterm ine by means of a scatter diagram (see Exhibit 121) the type and 

degree of correlation between the bank debits of B lank C ity and the sales of ABC 
D epartm ent Store (data in thousands of do llars):

Month
1936 1937

Bank debits Sales B ank debits Sales

28 1.8 35 2 .3
23 1.6 31 2.1
32 2 .2 41 2 .8
40 3.1 62 4 .2
43 2 .8 53 3 .6
31 2 .0 41 3 .0
25 1.6 32 2 .2
29 1.9 41 2 .8
44 2 .9 50 3 .4
51 3 .4 62 4 .2
47 3 .2 61 4.1
64 4 .3 96 5.9

26. P resent th e  da ta  given in Problem 25 in the form of a  correlation table (see 
E xhibit 122).

27. The height and w eight of 10 men picked a t random from, a crowd were found 
to  be as follows:

Man
H eight 

(in inches)
W eight 

(in pounds)

1 68 140
2 69 180
3 65 165
4 70 190
5 71 170
6 73 195
7 67 145
8 66 140
9 62 155

10 69 180
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u'V- Pe,arSOman coeffioient of correlation determ ine the relationship between 
the height and weight of men in the particu lar crowd.

28. Plot the following series on arithm etic and logarithmic charts, analyze, and 
write a report on the correlation” between th e  m ovem ents of the series:

V a l t je  o f  A n n u a l  P r o d u c t io n  
(In millions of dollars)

W heat C otton Bituminous coa^ Automobiles

1920 1,540 1,069 2,130 1,8091921 843 676 1,200 1,0921922 818 1,116 1,275 1,5621923 703 1,454 1,515 2,2751924 1,050 1,561 1,063 2,0411925 961 1,577 1,060 2,5451926 1,013 1,121 1,183 2,7461927 1,042 1,308 1,030 2,2661928 912 1,302 934 2,7041929 853 1,245 953 2,9811930 595 659 795 1,7211931 366 484 589 1,1541932 289 424 407 6511933 410 664 446 7951934 446 596 628 1,2041935 521 590 658 1,7891936* 643 764 768 2,092

Source: Statistical Abstract o f the United States.



CHAPTER X III

TIME SERIES IN BUSINESS

One of the chief problems in modern business is that of estimating 
what the future changes in business conditions will be. This makes it 
necessary to analyze data over a period of time. If the data are merely 
descriptive of a situation at a certain time, the methods described in the 
preceding discussions of frequency distributions, averages, and dispersions 
may be all that are necessary in making an analysis. But, if the data 
represent changes that are taking place over a period of time, it is neces
sary to use special methods which will describe change or progress as well 
as describe a static situation. Data representing change over a period of 
time are known as time series, and it is the object of the next few chapters 
to describe the specialized methods that are necessary in time-series 
analysis.

Importance of Time-series Analysis.—The importance of time-series 
analysis can be best appreciated by considering a few examples of the 
difficulties encountered when proper analyses have not been made of busi
ness conditions. These examples are taken from several different periods 
during the past fifty years.

The early 1890’s, for the most part, was a period of great prosperity 
in the United States. The National Cordage Company, for instance, 
considered its business so good that early in 1893 it declared a stock 
dividend of 100 per cent. Three months later its stock had fallen from 
$147.00 per share to the equivalent of $14.00 per share on the old basis, and 
it went into the hands of receivers. In the early 1890’s the Reading 
Railroad overexpanded its lines into new territory, engaged in a bitter 
fight with a competing capital group, and ventured beyond its depth in 
undertaking the sale of coal. This was followed by strained financial 
conditions, the collapse of a coal combination, and the receivership of the 
Reading Railroad. In 1892 railroad earnings were considered, on the 
whole, to be favorable, but during the second half of 1893 such important 
lines as Erie, Lake Shore, Northern Pacific, Union Pacific, and Santa Fe 
passed into the hands of receivers. Why do such changes take place?

Business was again prosperous in the early 1900’s and, excepting a 
brief interruption in 1903, continued to boom into 1906. But 1907 
witnessed the failures of many industrial concerns, including the 1 ope 
Manufacturing Company, which had recently switched from making
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bicycles to making automobiles. Later in the year, the Knickerbocker 
Trust Company, with $1,200,000 in capital and $48,387,000 in deposits, 
closed its doors. This action was followed by a large number of failures 
among banks and trust companies. Why are times of general prosperity 
followed by periods in which so many concerns fail or find great difficulty 
in remaining in business?

Additional illustrations are furnished by the experiences of the Good- 
yeai l i r e  and Rubber Company, Ford Motor Company, General Motors 
Corporation, and the silk industry during the general depression of 1921, 
and by the stock market slump of 1929 and the depressions of the 1930’s.

The Goodyear Tire and Rubber Company was incorporated in 1898 
and became the largest manufacturer of rubber tires in the world. From 
the time of its incorporation until the middle of 1920, the company’s 
operations were extremely successful. In 1919 the company had a 
surplus of more than $30,000,000. This was changed to a deficit of more 
than $15,000,000 by the end of 1920, and the president was ousted by the 
company s creditors from control of the mammoth organization which 
he had built up. What is the explanation? The immediate explanation 
is that the Goodyear Company had recklessly expanded its fixed invest
ment at high costs, and that it had a large merchandise inventory which 
had been accumulated at high prices. This made it necessary to write 
off many millions when prices dropped. But why did this company 
and many others expand fixed investment and accumulate high-priced 
inventories, and why were prices high, and why did they fall?

Though more cars were sold in 1920 than in any previous year, all of 
Ford s factories closed at the end of December and remained closed for 
several weeks. Ford owed the government $55,000,000 in taxes. Notes 
for nearly $30,000,000 originally issued to buy out his minority partners 
would be due in a few weeks. He had only $23,000,000 in cash and 
treasury bonds. Unsold cars were piled high in the factory and were 
choking salesrooms throughout the country. The public was not buying 
automobiles. Why were Ford’s factories and salesrooms piled high with 
unsold cars, and why did the public stop buying cars of any kind? 1

1 H enry Ford has always been opposed to extensive borrowing from banks, and 
desires to have complete ownership and  control of his organization. D ue to his 
buying ou t his m inority  stockholders in 1919 and his unusual expansion policies 
however, he was in desperate need, late in 1920, of $75,000,000. I t  is reported th a t 
one New York banker w ent so far as to pay  Mr. Ford a  special visit in order to suggest 
to him who the treasurer of his refinanced organization should be. In this case, 
however, Mr. Ford was able to shift the burden to his dealers. He shipped autom o
biles to  17,000 willing and unwilling dealers who had to pay if they  were to hold their 
agencies. In  this w ay he converted a frozen inventory into $69,000,000 cash by April. 
(D ata from Boston News Bureau, Ju ly  14, 1921.)
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In 1920 and 1921 the General Motors Corporation underwent severe 
financial losses. “ The reduction of the surplus materials purchased at 
high prices, and of inventory and other commitments made prior to 
December 1920, resulted in a total liquidation loss of $ 8 4 ,8 6 9 ,8 9 3 .In  
1921 a new management was placed in control of the organization. 
Again the question arises—why did this company, as well as many others, 
overexpand their inventories, and why were prices abnormally high?

In the silk industry wholesale prices increased very rapidly from 
February 1919 to February 1920. Wholesalers and retailers talked of 
the great demand for silk and the supposed great shortage of raw goods in 
the country. Those in the silk industry “ honestly believed that there 
was a lack of raw silk, and that prices would continue to rise. The extent 
of the accumulation of speculative stocks was not realized in the trade. 
It was not until insurance companies discovered that the amount of silk 
which they had collectively insured was beyond their insurance limits 
that any one understood that there was really an excess supply of silk in 
storage. Reacting to this news, all prices of silk dropped at once, and 
manufacturers, wholesalers, and retailers found themselves with huge 
inventories to liquidate. Manufacturers and wholesalers suffered from a 
general cancellation of orders, which still further added to their difficul
ties.” 2 Why is it possible for such a situation to develop?

The stock-market boom which reached its height in 1929 was the 
greatest boom of its kind in history. In approximately six years, the 
Dow Jones daily averages of prices of 30 industrial stocks rose from a low 
of $85.80 (October 29, 1923) to a high of $386.10 (September 3, 1929). 
The enormous profits made from the increase in prices led to an unprec
edented demand for stocks. Great volumes of marginal purchases 
were made by those who had never bought stocks before. Prices were 
paid for stocks on which the dividends could not reasonably be large 
enough to net the “ investor” as much as 3 per cent upon his “ invest
ment ” (Good bonds could be bought to yield 4 and 5 per cent.) Then 
in less than two and one-half months (from September 3 to November 13) 
the average dropped from a high of $386.10 to $195.35 and thousands of 
speculators were ruined. Why did people believe tha t the upward 
tendency in stock prices would continue indefinitely? Could they have 
determined the actual situation accurately? After the abrupt decline 
from September 3 to November 13, 1929, a less steep downward tendency 
continued to July 11, 1932, when the Dow Jones averages reached a low

1 Annual R eport to  th e  Stockholders, 1922, p. 4.
2 “ Business Cycles and U nem ploym ent.” By a Com m ittee of the President’s 

Conference on Unemploym ent, published b y  U nited States D epartm en t of Com
merce, W ashington, and McGraw-Hill Book Company, Inc., New York, 1923.

point of $40.56. Then there was an irregular rise to $195.59 on March 10, 
1937. 1 his was followed by a rather rapid erratic decline reaching $98 00 
on March 31, 1938.

The chief reasons tha t the foregoing difficulties arose are lack of 
information and wrong information regarding the true state of develop
ments over the periods involved. By using skillful statistical analyses, 
many firms are now not only escaping the effects of these difficulties, 
but are actually taking advantage of such situations. The General 
Motors Corporation, for instance, whose difficulties in 1920 and 1921 are 
mentioned on the preceding page, has since developed an extensive system 
of basing its policies on careful technical analyses of business conditions, 
and it came through the depression of the early 1930’s with a net profit for 
every year . 1 Many investors took advantage of the stock-market rises 
and 1 alls just mentioned, selling in 1929 when prices were high, buying in
1932 and 1933 after the decline, and selling again early in 1937.

Use of Statistics in Analyzing Business Changes.—In analyzing the 
changes and developments in business from time to time, the business 
man has three direct questions tha t time-series methods must attem pt to 
answer: First, what factors caused business in the past to develop as it did? 
Second, what causal factors are operating now ? Third, what significance 
has the present combination of causal factors in relation to the future?

1 he primary purposes of time-series analysis are indicated by the 
three questions above. Through logical analysis or by direct observa
tion, we may arrive a t the conclusion that certain elements in past 
situations have been responsible for the developments which occurred, 
but it is only by statistical methods that we can measure quantitatively 
the real importance of the various factors. If current operating causes 
can be iecognized and evaluated in the light of their significance in the 
past, it is then possible to estimate the future on a more systematic basis.

Obviously, prediction of the future is the aim of every business execu
tive. To buy on a rising market, and to sell before a decline; to stock 
heavily enough for a good year, and to buy carefully for a poor one; 
to build at low prices; to borrow at low money rates; to extend credit when 
safe, and to refuse it a t other times; to expand or reduce the personnel 
at the right time; to advertise when the business is available; and to 
expand when growth is justified and permanent—these mean prosperity 
and profit. To guess wrongly means loss or failure. Simple statistics 
cannot answer all these questions, to be sure; but proper analysis of 
available data, combined with sound interpretation and good business 
judgment, will provide an extremely valuable guide.

‘ See T w enty-ninth Annual R eport of General M otors Corporation, year ended 
December 31, 1937.
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Multiplicity of Causes Affecting Business Development. The prac
tical business man is interested in the almost infinite number of factors 
which may affect his enterprise. The political situation has its bearing 
through the possibilities of regulation, taxation, tariff changes, war, 
development policies, and the like; natural physical circumstances, such 
as weather and crop conditions, are undeniably important; intellectual 
progress, with its new inventions and discoveries, must be considered; 
while popular psychology, manifested through willingness or unwilling
ness to do business with faith in the outcome, exercises a marked effect. 
From this maze of influences, which are often contradictory, the business 
man must derive his conclusions as to the probable course of business
during the coming months or years.

I t is apparent that the fluctuations of business activity and prosperity 
are not mathematical totals which vary on a regular schedule but are the 
net resultants of many factors, some of which are tending in one way and 
some in another. “ Bearish” sentiment based upon large inventories 
and declining prices may be offset by the stimulating effects of favoiable 
credit conditions, improving foreign markets, and steady consumption of 
goods. Since the beginning of the present century, interest has greatly 
increased in efforts to measure and analyze these factors.

Causal Elements Do Not Operate Uniformly.—Every type of business 
is responsive in some degree to general business conditions. However, 
not all industries will react in the same manner to the same stimuli; some 
will even run counter to the general trend. The invention of a new 
electric storage battery, which would make electric automobiles much 
superior to the gasoline type, would boom certain parts of the automobile 
industry, but tend to depress the petroleum industry. There are all 
kinds of variations and degrees of responsiveness to a given situation; 
and it is imperative that the relationship of general business conditions 
to every type of business venture be analyzed for that type specifically. 
A given business may prosper in response to causes tha t may be harmful
to other businesses.

Of equal significance is the fact that no two communities are composed 
of exactly the same economic constituents, and hence may not always be 
expected to flourish or slump simultaneously. In 1925, Florida was 
booming, while Iowa was depressed. Obviously, these communities 
were reacting to the economic forces that dominated them a t the time, 
with unmistakably diverse results. Undoubtedly the two areas felt 
many influences in common, but the intensity of the conflicting factois 
and their relative importance varied considerably, as the outcome
indicates. ,

W hat is true of different industries and of different geographical
areas is even more significant as regards individual enterprises. In addi

71 ME SERIES IN BUSINESS 275

tion to these external economic factors there are the influences of the 
various internal conditions of the individual business.

Business Characterized by Tendency to Increase though Growth Is 
Irregular.—I t  is apparent to every student of business that most lines 
of commercial and industrial activity show gradually increasing volumes 
as the years go by—a fact associated with population increases, widening 
markets, higher standards of living, new inventions and processes, and 
many other developments. Not all of the causes of general economic 
growth are operating at once or in the same direction, but their great 
number results in a net tendency toward maintained progress, which 
varies but little in its rate-of-growth tendencies for years a t a time.

1  hough the tendency to grow seems to prevail unceasingly, there are 
also times, as has been pointed out, when business is better or worse than 
at other times. In 1908, 1914, 1921, 1932, and 1938, conditions 
were depressed; many concerns became bankrupt, production slumped, 
men were out of work, and the standard of living was temporarily lowered. 
The opposite condition characterized 1907 (early part), 1910 (early part), 
1916, 1920, 1923, 1925, 1926, 1929 (early part) and to a certain extent the 
first half of 1937, which were times of relatively vigorous business activity. 
These frequent periods of boom and depression are probably more impor
tant to the business man than the tendency to grow over a long period 
of time, because their effects upon his enterprise are more sudden and 
severe. The factors causing these fluctuations are probably as numerous 
as those responsible for general growth, and appear in various combina
tions from time to time, so that the problem of anticipating these irregu
larities in business development is difficult.

Four Distinct Movements in Time Series.—Although different indus
tries and different communities do not always show the same business 
tendencies a t the same time, their fluctuations have characteristics 
similar enough to warrant the use of fairly generalized methods of statis
tical approach. In most business time series, it is possible to distinguish 
four well-defined movements. These are:

1. Basic or long-time trend.
2. Seasonal variation.
3. Business cycles.
4. Erratic fluctuations.

These are of primary importance in statistical work, because they con
stitute a basis for both explanation of the past and prediction of the 
future. The major tendency of each type of movement is due largely to 
the group of causal factors which creates the movement. Isolation 
of the results (according to the four movements listed above) is the 
first step toward explaining the effects and importance of the causal 
factors.
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Basic or Long-time Trend.—Although most economic time series 
fluctuate noticeably from month to month, and even from year to year, 
inspection of their movements over a period of several years commonly 
discloses a definite and regular basic tendency toward increase or decrease. 
For example, the expansions of successful business enterprises ordinarily 
have smooth and regular basic trends, which go on despite temporary 
vicissitudes in business activity. Ordinarily in a community there will 
be a gradual growth in population. Or there may be a gradual increase 
in industrial output due to improved methods. Or there may be a 
gradual increase in the production of automobiles and a gradual decrease 
in the production of carriages. Basic or long-time trend1 may, therefore, 
be defined as the underlying tendency to grow or decline over a period ol 
years; it is the movement the series would have taken had no seasonal, 
cyclical, or erratic factors existed.

Exhibit 130 illustrates the nature of basic trends. Were it not for 
the disturbing factors previously mentioned (seasonal variation, business 
cycles, and erratic influences), the sales data of the American Mercantile 
Company would have followed the straight trend line (I art A), which 
indicates the prevailing tendency of growth. The trend in this series 
is an “ arithmetic straight line,” indicating that the yearly increase tends 
to be a constant amount.

All basic trends are not of the same nature. Sometimes the pre
dominating tendency will be a constant amount of growth (which would 
be shown by a straight line on an arithmetic scale); sometimes it will be a 
constant percentage increase (which is shown by a straight line on a 
semi-logarithmic chart); sometimes the characteristic tendency is best 
represented by the “ logistic” or “ S ” curve; and sometimes it is a com
bination of types or a special irregular curve. Examples of these trends 
are presented in Chapter XIV.

Properly recognizing and accurately measuring basic trends is one 
of the most important problems in time-series analysis. Trend values 
are used as the base from which the other three movements are measured, 
and inaccuracy may vitiate the entire work. Fortunately, the causal 
elements controlling trend growth are relatively stable; trends do not 
commonly change their nature quickly and without warning. I t is, 
therefore, usually reasonable to assume that a representative trend, which 
has characterized the data for a past period, is prevailing at present, and 
that it may be projected into the future for a year or so. I t  should 
be appreciated, however, that such projections should always be sup
ported by a cross-section analysis of the current economic factors, as 
serious errors have been made in making these projections, especially

1 The term  “ secular tre n d ” is also commonly used.
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in the case of the straight geometric increase or compound interest 
curve.

m ovem ents). (Data adapted.)

Seasonal Variation.-—Examination of Exhibit 130 will reveal a second 
well-defined movement in the series, with its Christmas peaks and sum
mer slumps. That is, for instance, it can be seen from Part A, Exhibit 
130, that on the average December is high and August is low. A mathe-
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matical determination of this average tendency of the different months 
of the year to vary from a straight-line trend is shown by the heavy curve 
in Part B (Exhibit 130). Other series will show various types of these 
short-range fluctuations, each of which is repeated each year. These 
fluctuations are known as seasonal variations, taking their name from the 
fact that they are reflections of temperature influences, popular trading 
habits, and other factors which operate in similar fashion in the same 
season of each year. Sales of ice are heavy in the summer, and decline 
in importance in the winter; retail clothing stores may be extremely 
busy during the weeks preceding Christmas and Easter, and may have 
slack periods at certain other times; and so on. This seasonal movement 
may vary in the same series in its quantitative extent; thus, a year in 
which the total volume of activity is large may show a much greater 
difference between busy times and slack times than would a year when 
little business is done.

I t  is customary to measure seasonal variation as a percentage of the 
trend rather than in absolute quantities, a method which conforms reason
ably closely to the need. The seasonal index for any month (week, 
quarter, etc.) may be defined as the ratio of the normally expected month 
(excluding the business cycle and erratic movements) to the corresponding 
trend value ; thus, a January seasonal of 110 means that a normal January 
is 10  per cent greater in volume than the trend1 at that point would 
indicate.

The seasonal index is merely a set of percentages, indicating that the 
various months (or weeks, quarters, etc.) of the year are, respectively, 
greater or less than the corresponding trend points in a normal year. 
They are usually determined by measures of actual occurrence over a 
certain period, under the apparently well-justified assumption that any 
well-defined seasonal tendencies are relatively stable over periods of years. 
If an average January for the period 1930-1939 approximated 110 per 
cent of its trend ordinate, it is likely that the same figure would be 
usable in 1940.

The Meaning of “Normal” in Business Statistics.—Business is often 
said to be “ about normal,” or above or below “ normal.” When so used 
the term “ norm al” is generally recognized to mean a level of activity 
which is characteristic of (1 ) the degree of business progress attained at 
the time, and (2 ) the season of the year. In other words, if there were no 
changes except those due to basic trend and seasonal variation, the 
situation would always be “ normal” (see heavy curve of Part B, Exhibit 
130). If, for instance, crops fail, if monetary problems cause a panic, or

1 In  a  series in which the trend change is negligible, or from which trend  has been 
removed, the seasonal index will indicate also th e  relative im portance of the m onths.
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if there is an overproduction of commodities, the normal course of events 
is interrupted, and business activity departs from normal levels.

Economic society has never been so well ordered that business activity 
could long proceed at a normal pace. Even factors ordinarily extremely 
steady by nature may, in certain combinations, be responsible for booms 
or depressions. Added to those, there are many factors whose influences 
are habitually indicated as causes of cyclical and erratic movements, 
which may be roughly defined as departures from normal.

The Business Cycle.—Because of the persistent tendency for business 
to prosper, decline, stagnate, recover, and prosper again, in apparently 
never-ending sequences, the third characteristic movement in economic 
time series has been called the business cycle. Unlike the seasonal 
movement, the business cycle does not recur on a regular time schedule, 
but moves sporadically in response to causes which develop intermittently 
out of complex combinations of economic and other circumstances.

When the business of a country or of a community is above or below 
normal, the excess or deficiency is usually attributed to the business cycle. 
Measuring the business cycle, therefore, becomes a process of contrasting 
actual occurrences with a normal estimate arrived at by combining the 
calculated trend and seasonal movements. The measurement of the 
variations from normal may be made in terms of actual quantities 
(dollars, tons, or whatever the unit of the series may be), or it may be 
made in such terms as percentage deviations, which is generally the more 
satisfactory method as it places the measure of cyclical tendencies on 
a comparable base throughout the entire period under analysis.

I t  will be noted in Part B, Exhibit 130, that actual sales fluctuate 
above and below normal every few years. The percentages by which 
these sales rise above or fall below normal are shown in Part C. These 
fluctuations are the business cycles (including erratic movements) 
expressed in “ percentage deviations from normal.”

Erratic Movements.—The last of the four types of time-series 
fluctuations, the erratic movements, are exceedingly difficult to disassociate 
quantitatively from the business cycle. Their causes are such irregular 
and unpredictable things as droughts, floods, fires, pestilence, fads, and 
fashions, which operate as spurs or deterrents upon the progress of the 
cycle. The severity of the depression of the early 1930’s in the United 
States, for instance, was partly due to the fact that an unusual combina
tion of adverse erratic factors were operating at the same time tha t busi
ness was in the depression phase of the cycle. Among these were the 
unprecedented drought of 1930, and revolutionary disturbances in China, 
India, and South America. Other types of unusual combinations of 
business influences often play a large part in the progress of business 
conditions. A simultaneous decision, for instance, of a number of large
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corporations to inaugurate policies of expansion might start a boom, 
whereas a reverse policy might start a decline. Separation of erratic 
movements from the cycle is generally limited to a process of pointing out 
certain outstanding deviations from normal as the results of specific 
causes. For practical purposes, actual separation of the cycle and erratic 
movements is seldom attempted, analysis being more easily based upon 
the unadjusted deviations from normal, which include both movements.

I t  is worth noting that the importance of these erratic movements 
increases as the range of study narrows. On a series representing nation
wide activity, a Mississippi flood or a San Francisco fire may be of minor 
importance, but to Louisiana or California, respectively, they are catas
trophic events.

Estimation of the Future—Forecasting.—If trend movements have 
been established definitely in the past, and no reason for radical change is 
apparent, there is ample justification for projecting the same trend line 
into the future for a year or two. A trend value for every week, month, or 
quarter in the year to be forecasted is thus easily determined. If the 
seasonal percentages are believed to be representative, each projected 
trend month (week, quarter, etc.) of the year may be adjusted for the 
known seasonal variation to attain “ norm al” values for all items being 
forecasted. The normal values may then be adjusted to allow for any 
changes implied in the forecast of the business cycle, when its expected 
movement can be derived from a study of prevailing conditions and 
operating causal elements. While forecasts thus made are generaliza
tions, they are useful as guides in planning for future business. The sub
ject of business forecasting will be discussed at greater length in Chapter 
XVII.

The principal value of statistical methods in analyzing time series is 
not in forecasting definite movements, but in determining the degree to 
which business is above or below normal. The skater on the lake can tell 
when he is in danger if he knows the thickness of the ice, but he cannot tell 
when it will break. If the business man has statistical information so 
that he knows when “ he is skating on thin ice,” he will not be liable to be 
caught in the difficulties experienced by the business concerns and 
investors mentioned at the beginning of this chapter (pages 270-273).

Statistically, one’s position in relation to normal may be determined 
as follows:

1. Determine the basic trend.
2. Measure the seasonal variation and compute a set of indexes.
3. Determine the normal. (This is the trend combined with the 

seasonal variation.)
4. State the item for each month (or other period) as a percentage of 

the corresponding normal figure.
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The foregoing procedure, however, requires a careful determination of 
trend and seasonal variation. The determination of basic trend is the 
subject of Chapter XIV, and the measurement of seasonal variation is 
treated in Chapter XV. Chapter XVI explains how the relation to 
normal may be stated and analyzed as cyclical and erratic movements. 
Further application of the methods described is then made in Chapter 
XVII on Business Forecasting. Before proceeding to study these 
methods, however, it is advisable to consider briefly the preliminary

BANK CLEARINGS IN THE UNITED STATES 
EXCLUDING NEW YORK CITY, 1910-1935

MONTHLY AVERAGES
BILLIONS 

OF DOLLARS

E x h ib it  131.— The upw ard tendency of this series from 1910 to 1920 and the down
ward tendency from 1929 to  1935 are less pronounced when adjusted  for differences in 
price levels. (The “ ad ju s ted ” series has been placed on a 1926 dollar basis by dividing 
through by the  Bureau of Labor S tatistics All Com m odity Wholesale Price Index Num ber 
(1926 =  100), and an ad justm ent has been made in the  1910-1921 d a ta  so th a t  the  series 
can be spliced a t 1921.)

work necessary in preparing data and the importance of studying tech
nical methods.

Preliminary Preparation of Data.—In all cases, business time series 
should be carefully examined for homogeneity before attempting to 
measure such movements as trend or seasonal variation. Sometimes 
the data can be made more homogeneous by applying certain correc
tions. In other instances, corrections cannot be made directly, but 
allowances for the lack of homogeneity must be made in the analysis and 
interpretation.

Preliminary preparation of the data is often necessary because of 
price inflation, and because of uneven time intervals, before fitting trends,
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computing seasonal variations, and measuring business cycles. Price 
inflation (or deflation) is usually corrected by dividing through by the 
proper price index number. The effect of adjusting a series for this factor 
is illustrated in Exhibit 131. Unequal time intervals, such as months 
(which are not only unequal in length, but which are still less uniform 
because of holidays, etc.) may be made more nearly equal by reducing 
them to an average daily basis (see Exhibit 132). Unequal time intervals 
will be discussed at greater length in connection with seasonal variation 
in Chapter XV.

CONSTRUCTION CONTRACTS AWARDED IN 3 7  S T A T E S  
BY MONTHS, 1 9 3 5 -1 9 3 7

MILLIONS 
OF DOLLARS

SO U R C E ' F. W. DODGE C O R P O R A T I O N ______________________________________________________________________________________________ _

E x h i b i t  132.— Effects of unequal lengths of working m onths adjusted  by average per 
working day. While the m ajor swings are practically the same, there are m arked differ
ences in the  m onthly changes as shown by the  two curves.

Importance of Studying Technical Time-series Methods.—Although 
the methods just mentioned are technical, and require considerable skill, 
experience, and energy, they are widely used in practical business 
research. If a business man is to make the best use of the information 
furnished by the research department in his own firm or by outside 
statistical organizations, it is highly desirable that he understand, to a 
certain extent a t least, the methods that have been applied. In other 
words, correct use of the results often depends upon a correct understand
ing of the methods of obtaining the results.

If an executive does not use mathematically computed trends, or sea
sonal or cyclical variations in his own business, these factors, neverthe
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less, must be recognized and approximated. Even the manager of a very 
small enterprise must recognize the effects of these elements on his busi
ness, although he may not measure them in an exact mathematical 
manner. Actual computation of these factors is not so necessary as an 
understanding of them and a realization that they exist. In practical 
work, the trained business or economic analyst considers probably hun
dreds of series without computed trends or seasonal indexes to every one 
for which he has such computations. Understanding the nature and 
characteristics of trend and seasonal effects, he can often make the neces
sary analyses of the cycles of a series from unadjusted data. In fact, 
the greatest value of a study of technical methods of time-series analysis 
is the training that it gives in making allowances for such factors as 
long-time trend and seasonal variation without actually making the 
computations.

In the three following chapters, the methods introduced in this chapter 
will be developed from the point of view of not only enabling the student 
of business conditions to understand and to apply the methods in time- 
series analysis, but also helping him, when analyzing specific business 
problems, to make the proper allowances for trend, and seasonal, cyclical, 
and erratic variations where the available data (on production, sales, 
financial conditions, etc.) have not been adjusted for these factors.

Q uestions and Problem s

1. W hat questions does the business m an desire to have answered by time-series 
analyses? How can such analyses assist in the adoption of successful policies? Give 
specific examples of difficulties encountered when correct analyses have no t been 
made of business conditions.

2. Are changes in business conditions regular in tim e of occurrence?
3. W hat causes irregular variations in business?
4. Is th e  business m an affected by few or m any economic factors? Is his situa

tion simple or complex? Explain fully.
6. Do the conditions in all industries always coincide? In all countries? In 

all sections of the same country?
6. N am e four well-defined m ovem ents common to m ost time-series d a ta  in the 

business world.
7. Define or describe long-time or basic trend.
8. W hat type of increase or decrease does an arithm etic stra igh t line indicate? 

Are all trends of this type?
9. Define or describe seasonal variation. How is it usually expressed in statistical 

work?
10. W hat is m eant by “ norm al” business? W hat factors, m entioned previously, 

are included in the “ norm al” condition?
11. Describe business cycles. How m ay they be measured?
12. W hat is m eant by erratic movem ents? Can they be measured accurately? 

How are they usually measured?
13. How can the m easurem ent of the underlying factors or movements assist in 

forecasting future conditions?
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14. W hat are some of the corrections to make business da ta  homogeneous which 
often should precede m easurem ent of the underlying movem ents?

15. W hy is it im portan t to understand technical time-series m ethods when analyz
ing business conditions?

16. Using the tables given below, eliminate the effects of price changes from the 
sales of Sears Roebuck and Co. for the years 1932-1936 by dividing each m onth ’s 
sales by  the corresponding price index. M ake a graph of the original sales and 
the sales adjusted for price fluctuations. (Use semi-logarithmic paper.) Compare 
the two curves and write a brief analysis.

S a l e s  o f  S e a r s  R o e b u c k  a n d  Co., 1932-1936 
(In millions of dollars)

Year Jan. Feb. Mar. April M ay June July Aug. Sept. Oct. Nov. Dec.

1932 19.9 20.6 19.9 23.6 24.5 25.0 20.3 20.8 24.5 25.6 24.7 30.5
1933 16.9 16.1 16.3 19.8 22.7 22.8 20.0 24.7 26.6 30.5 31.3 36.9
1934 22.0 20.6 25.3 25.2 30.1 27.1 21.5 25.2 29.9 34.4 33.7 41.9
1935 23.8 23.7 32.0 34.1 35.2 35.1 29.6 29.6 34.3 44.0 40 .9 51.3
1936 27.7 27.6 36.1 39.0 44.9 46.4 39.6 38.9 47.6 58.1 49.0 66.4

Source: Survey o f Current Business.

F a i r c h il d  I n d e x  o f  R e t a i l  P r i c e s , 1932-1936 
(January 1, 1931 =  100)

Year Jan . Feb. Mar. April M ay June Ju ly Aug. Sept. Oct. Nov. Dec.

1932 81.3 80.1 79.2 78.2 76.8 75.1 74.0 73.6 73.6 73.3 72.6 71.8
1933 71.1 69.9 69.7 69.4 70.4 72.3 76.1 82.5 86.0 87.1 88.0 88.0
1934 88.5 89.5 89.6 89.4 88.6 88.2 87.9 87.7 87.7 87.4 87.4 87.2
1935 86.8 86.6 86.3 86.3 86.1 85.7 85.2 85.7 86.6 87.6 88.0 88.2
1936 88.3 88.3 88.1 88.1 88.1 87.9 88.1 88.5 89.3 90.0 90.8 91 7

Compiled and published by Fairchild Publications, Inc.

17. Using th e  index of construction costs given on page 285, ad just the following 
d a ta  on building perm its in Temple C ity for price fluctuations.

B u i l d i n g  P e r m i t s  i n  T e m p l e  C i t y , 1932-1937 
(In thousands of dollars)

Year Jan. Feb. Mar. April M ay June July Aug. Sept. Oct. Nov. Dec

1932 72.1 68.7 83.6 106.5 64.0 79.2 62.4 67.1 50.2 36.2 37 6 40.1
1933 40 .2 37.6 29.1 42.6 62.7 89.3 91.2 78.6 68.4 72.4 86.4 87.8
1934 92.5 86.7 138.6 142.0 151.6 134.4 162.6 172.8 191.6 160.2 158.4 120 0
1935 139.7 160.6 279.1 197.5 163.6 142.7 146.7 162.4 206.3 219.4 180.0 186.1
1936 194.6 241.7 293.4 271.6 203.4 186.9 193.6 207.8 242.0 200.1 202.4 200 4
1937 196.2 236.8 284.7 242.1 201 .3 175.2 186.4 200.7 261.2 243.1 186.4 175 0
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I n d e x  o f  C o n s t r u c t io n  C o s t s , 1932-1937 
(1930 «= 100)

Year Jan. Feb. Mar. April M ay June July Aug. Sept. Oct. Nov. Dec.

1932 79.0 78.0 77.4 77.1 74.0 73.0 72.0 71.8 71.4 71.1 70.0 69.0
1933 69.2 69.4 67 .8 67.6 68.1 68.8 71.0 74.0 75.1 75.4 76.0 77.0
1934 77.0 78.4 78.8 79.0 80.1 80.4 81.2 81.6 81.9 82.3 82.6 82 .8
1935 82.1 83.6 83.4 82.8 82.4 82.1 81.6 81.4 81.0 82.1 82.4 83.0
1936 83.6 82.8 82.6 83.4 83.6 84.0 84.4 85.0 86.1 87.1 87.6 86.9
1937 88.2 88.6 89.1 90.4 91.3 90.4 89.8 87.6 86.4 84.2 85.1 85.3

Present graphically the original and the adjusted  building perm its da ta  and com
m ent briefly. (Use semi-logarithmic, paper.)



CHAPTER XIV

TIME SERIES—BASIC TRENDS

Basic or long-time trend may be defined as the tendency, prevailing 
over a period of years, for an activity to grow or to diminish. I t  is 
stable and fundamental; it is the record the series would have made had 
there been no seasonal, cyclical, or erratic factors.

Importance of Trend Measurement.—Accurate trend measurement 
is important not only in analysis, but also in many types of forecasting. 
In the absence of evidence to the contrary, it is not unreasonable to 
assume that the present tendencies toward growth are fairly well indicated 
by past records, and that factors operating in the recent past will continue 
their influences. Forecasting, by simply assuming that the present trend 
will continue, is thus not impossible in certain instances; but obviously 
the trend must be an accurate and representative one, for any error ot 
direction will cumulate rapidly, thereby reducing the value of the forecast.

Nature of Trends.—As was pointed out in a previous discussion, the 
development of a business series a t the present time is a resultant of many 
factors which seldom operate on different industries, communities, or 
enterprises in the same way. Naturally, it is not to be expected that 
there would be a striking degree of similarity between the trends of 
unrelated series. Differences in extent of growth, time of growth, nature 
of growth, and the length of periods during which the same growth 
tendencies prevail, all provide intricacies with which the statistician must 
deal, and there are few series whose trends do not present some peculiar
aspects of their own.

There is, of course, no limit to the number of kinds of trends which 
may exist; nevertheless, the problem is simplified somewhat if we assume 
that irregularity is not likely to characterize trend behavior. While 
trends do change, there are but few series whose long-time development 
may not be described by smooth and regular curves or lines. Though few 
time series are controlled by exactly the same economic factors, and few 
trends are exactly the same, it is possible to distinguish four fairly 
common types of trends. The first is the simple arithmetic progression— 
a regular increase or decrease by the same amount each year, which may 
be shown graphically as an arithmetic straight line (see Exhibit 133). 
The second is the simple geometric progression—a regular increase or 
decrease by the same percentage each year, which may be shown as a
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straight line on a semilogarithmic chart, and is, therefore, called a 
“ logarithmic straight line” or “ compound interest trend” (see Exhibit 
134, upper graph). The third type of trend is the “ S-curve” which is 
characteristic of the growth of many industries; that is, small gains at 
first, then relatively large gains, and then small gains again when the 
industry reaches m aturity and the saturation point is approached in the

MOTOR VEHICLE PRODUCTION IN 
THE UNITED STATES, 1918-1937

THOUSANDS

E x h i b i t  133.—An arithm etic trend. (Tendency to increase on the  average by the 
same am ount each year.) (The com putation of this particular trend line is illustrated in 
Exhibit 168 on page 350.)

market. (An illustration of an S-curve is presented in Exhibit 145, page 
303.) The fourth type of trend is an irregular smoothed curve which 
usually has to be fitted largely by inspection or estimates. Other types 
of computed curves are sometimes used, but it is usually difficult to justify 
their use on a logical basis, especially if the period is short.

Occasionally, any of the types of trends just discussed may change in 
direction abruptly, as illustrated in Exhibit 135. In these “ broken 
trends” the curve may even change from one type to another, as is the 
case in this exhibit.
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Determination of the Proper Trend Formula.—In fitting a trend, the 
first essential is to chart the data, as this is usually the best way to reveal

THE INDEPENDENT STEEL PRODUCTS CORPORATION 
S A LE S 19 2 7 -1 93 7

THOUSANDS 
OF DOLLARS

THOUSANDS 
OF DOLLARS

E x h ib it  134.— A com pound-interest trend  or constan t ra te  of increase. (Tendency to 
increase by the  same percentage each year). .4. T rend line with a constant ra te  of growth 
on a sem i-logarithmic chart. B. Same trend on an arithm etic chart. (Data adapted.)

the movements. Both arithmetic and semi-logarithmic charts should be 
employed, as the true nature of the trend may not always be revealed on
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either one alone. I t is not usually necessary to plot all of the data in the 
series. If monthly data are used, it may be sufficient to plot the average 
month of each year, as the use of one point per year gives practically the 
same trend line. Close study of the charted data will ordinarily indicate 
what type of curve should be used in fitting a trend line, and the approxi
mate period over which that trend should be fitted. I t  is usually a good 
plan to sketch the computed trend line upon the charts of the actual data, 
as a check upon the judgment of the worker and upon his mathematics as 
well. If the computed trend fits the data when plotted and meets the 
test of rational criticism, it is probably satisfactory.

When charting trends, the scale should be selected with care. A rela
tively erratic series might move in almost a straight line if the horizontal 
and vertical scales do not maintain the proper degree of proportionality. 
A horizontal movement of about 1.5 times the vertical in actual distance, 
is a proportion which usually gives good results in series covering from
10  to 20  years.

Proper Period Essential in Trend Measurement.—I t  is always 
possible to obtain close-fitting so-called trends, by fitting lines or curves 
over an unrepresentative short period of time. I t must be remembered 
that we are obtaining these trends by fitting lines through data which are 
greatly influenced by the business cycle. Care must be taken that the 
cycle does not tilt the trend line, a contingency which is very likely to
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happen if the period of fit is short, or if it begins in a depression and ends 
in a boom, or vice versa. This difficulty is illustrated by the steeper trend 
line in Exhibit 136. Any trend period of less than 10 years should be 
regarded with suspicion, even though circumstances may force its use. 
It is very essential to remember, also, that trend fitting does not mean 
simply curve fitting; the trend describes economic rather than mathe
matical developments. Often the statistician’s knowledge tha t a 
boom or depression took place in a given year will guide him in properly

MOTOR VEHICLE PRODUCTION IN 
THE UNITED STATES. 1918-1937

THOUSANDS

E x h i b i t  136.— Trends based upon different periods. This chart indicates the im portance 
of basing the trend upon the  proper period.

placing his trend, when the period is too short or the data are too imper
fect to indicate a proper trend line.

Unreliable results, very similar to those obtained by using short 
periods of time for trend fitting, are sometimes obtained by the use of 
mathematical formulas which are entirely too rigid for the purpose at 
hand. Use of a formula involving powers higher than the second is justified 
only when the statistician has a set of data which clearly conform to the 
characteristics of that mathematical curve over a period of many years. A 
peculiar temporary cyclical twist does not justify the assumption that the 
trend requires a very sensitive device for its measurement.
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When there is a question as to what period is the most representative 
of the current trend, a process of experimentation is often valuable. By 
comparing trend lines fitted to the same series by the use of different 
groups of data, i.e.: 1919-1930, inclusive; 1919-1937, inclusive; 1920- 
1930, inclusive; 1920-1937, inclusive; 1921-1932, inclusive; etc., one may 
determine roughly whether or not the trend is changing, and what set of 
data provides the most reasonable trend.

Elimination of Extreme Item s—Occasionally a series will be found 
which has one or two observations decidedly out of proportion to the

MANNING AND MANNING 
GENERAL MERCHANDISE S A L E S  

1923-1938
THOUSANDS 
OF DOLLARS

E x h ib it  137 .—The year 1936 was very abnormal because of the  activ ity  caused by the 
construction of a railway tunnel and bridge near the city. Therefore, it was om itted when 
determ ining basic trend. (Data adapted.)

others. Exhibit 137 shows such a series. The year 1936 in this exhibit 
appears to be freakish, and its inclusion in a trend calculation would be 
unwise; and the trend as shown, which fits the normal periods of the data, 
has been computed without any reference to the peak of 1936. N atu
rally, it is necessary to recognize such erratic disturbances when they 
occur, and to avoid confusion of non-recurring extremes with the cyclical 
disturbances which are recurring. In another instance, a railroad was 
built through a wheat-growing valley which was already served by two 
railroads. While the new railroad was being built, business activity in 
the valley was greatly accelerated, because of the presence of construction 
workers, etc.; but that era has passed, and, since the new railroad appar
ently did not influence the later development of the valley, it is not
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desirable that the years of construction activity be allowed to affect 
the results at all when fitting trends to data on the valley’s business. 
The valley is affected by the same types of business and crop conditions 
that affected it before the railroad building. I t is sometimes prosperous 
and sometimes depressed. In the long run these conditions are offsetting, 
and a trend fitted to the data over a properly selected period will not be 
unrepresentative. When trends are being determined for areas influenced 
by such activity as the construction of the Boulder Dam, the Grand 
Coulee Dam, the Passamaquoddy power development, or the Florida 
Ship Canal, the data must always be carefully analyzed to find out 
whether the activity is merely of temporary effect, whether it caused 
a definite change in the slope of the trend, or whether it caused a vertical 
displacement in the trend with or without a change in the slope.

Relative Importance of Later Years of Trend Period—If the trend 
of the data is to be used for forecasting purposes or as a basis for analysis 
of present circumstances, it is especially important that the trend items 
for the recent years be very carefully computed. Whereas slight errors in 
earlier years, where comparisons both backward and forward are possible, 
may not be important, in the later years they may be serious. Especially 
in forecasting is this true; for errors in arbitrarily extended trends are 
cumulative, and such cumulated errors as those in a production or sales 
budget may cause a program to be attempted which would result in a 
serious loss.

I t will be recalled tha t many economic factors are concerned in the 
growth of a business, an industry, or a commercial area. Some of these 
factors operate continuously, some intermittently, and some drop out at 
the same time that new ones make their appearance. Such shifting of 
causal circumstances may or may not cause a change in a trend; but 
when a change in a trend occurs, it is, of course, due to changes in the 
underlying causes. If we wish to establish a trend line which can be 
extended into the future, it may be desirable to give more weight to 
present tendencies than to those of the past, since the present causal 
elements will unquestionably be more effective in the near future than 
those of the more distant past periods. Just how this should be done is 
an open question. Deliberate weighting of recent observations, selection 
of sensitive trend formulas, use of short periods for trend fitting—each 
has its peculiar advantages and disadvantages. Since the best course of 
action must always be determined upon a basis of good judgment in the 
individual case, it is impossible to make a general rule on procedure.

Available Methods of Trend Fitting.—I t is possible to use many 
formulas of varying nature and varying degree of mathematical flexibility 
in the measurement of trends. Among the wide selection available are 
formulas whose nature will enable them to meet even the most peculiar
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needs, though in some cases the computations become too laborious to be 
justified. There is always a point beyond which additional mathematical 
accuracy is not warranted, due to the time and cost necessarily entailed. 
Moreover, in many cases, extreme mathematical exactness does not 
add greatly to the accuracy of the final estimate, due to the probable 
human error in selecting the formula and in determining the period of 
fit.

Probably the most essential thing to know in trend fitting is the 
general form that the growth curve must assume. I t is frequently 
possible to determine that a growth curve must have certain character
istics. If the periods are relatively short, this growth is often described 
by a straight line on either arithmetic paper or semi-logarithmic paper. 
Frequently, conditions develop in such a manner that a trend changes 
abruptly or a new trend is established. Sometimes the growth character
istics are described by a logistic or S-curve. When the logical form has 
been determined, a rough fitting of the data is next in order to determine 
the adjustments that should be made. Then usually the adjusted data 
may be fitted mathematically.

For the reasons just outlined, it seems essential for the business statis
tician to be equipped with methods which are simple, economical, and 
reasonable, but not too exacting. The processes described in the follow
ing sections will meet most ordinary needs.

Free-hand Curves as Trends—One common trend-fitting device, 
which is exceedingly flexible and simple, is nothing more than an ordinary 
free-hand curve, sketched in arbitrarily. This device in the hands of an 
experienced statistician is of unquestionable value, but for the inexperi
enced it is unsafe.

As a m atter of fact, after one understands the mathematical methods 
of fitting trends, he will ordinarily use them only occasionally. Free
hand fitting, tempered with mathematical knowledge and experience, 
often will be the most practical procedure as it facilitates a judicious 
weighting of the observations and a judicious consideration of other 
outside factors. I t  cannot be too strongly emphasized that a rough fitting 
along logical lines based on good general judgment is much better than a 
refined fitting along illogical lines. A good general procedure in deter
mining free-hand trends for practical purposes is to draw three free-hand 
curves, two of which represent the extreme variations in either direction, 
and the third the compromise or most probable fit. The two extreme 
curves help to indicate the probable accuracy of the central curve. The 
free-hand curve trend will be discussed in greater detail (pages 307 to 309) 
after consideration has been given to a number of mathematical methods.

Moving Averages as Trends.—The moving average is another simple 
and flexible process of trend measurement which is quite accurate under
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certain conditions. This method establishes a trend by means of a 
series of averages covering overlapping periods of the data, as illustrated 
in Exhibit 138. The moving-average item for 1933 is the simple arith
metic average of the items for 1932, 1933, and 1934; that for 1934 is the 
average of the data for 1933, 1934, and 1935; and so on. This process 
of successively averaging three years’ data, and of establishing each aver
age as the moving-average value for the central year in the group, is 
carried through the entire series. For a five-item, seven-item or other 
moving average, the same procedure is followed; the average obtained 
each time being considered representative of the middle period of the 
group.

The choice of a 5-year, 7-year, 9-year, or other moving average is 
determined by the length of period necessary to eliminate the effects of

C o m p u t a t io n  o f  t h e  M o v in g  A v e r a g e  
(Three-item period)

Year
Original

data
Three-item

to ta l
Moving
average

1932 13
1933 15 46 15.3
1934 18 57 19.0
1935 24 64 21.3
1936 22 72 24.0
1937 26 78 26.0
1938 30

E x h i b i t  138.— Exam ple of the calculation of a three-year moving average of annual data.

the business cycle and erratic fluctuations. A good trend must be free 
from such movements, and if there is any definite periodicity to the cycle, 
it is well to have the moving average cover one cycle period. Ordinarily 
the necessary periods will range between three and ten years for general 
business series but even longer periods are required for certain industries. 
Exhibit 139 shows a series of monthly data and moving-average 
trends based on 5 years or 60 months and 10 years or 120 months.

In the preceding discussion, the moving averages of odd numbers of 
years were representative of the middle years. If the moving average 
covers an even number of years (or other time periods), each average will 
still be representative of the mid-point of the period covered, but this 
mid-point will fall half way between the two middle items. In the case 
of a four-year moving average, for instance, each average represents a 
point half way between the second and third years covered. In such 
a case, a second moving average may be used, if desired, to “ recenter” 
the averages. That is, if the first moving average gives averages center
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ing half way between the years, a further two-item moving average will 
recenter the data exactly on the years.

As a trend-measuring device, the moving average is subject to several 
criticisms. First, it is sensitive to freakish movements in the data which 
would scarcely affect a mathematical curve; second, it cannot be brought 
up to date, as the averages are representative of the mid-point of each 
period; and third, in an upward trend it is subject to an upward bias when 
the trend is increasing by increasing amounts, and to a downward bias 
when the trend is increasing by decreasing amounts. In the case of a 
downward trend, the bias operates in the reverse of these directions.

However, the moving average is valuable in approximating trends in a 
period of transition, when the mathematical lines or curves may be inade
quate, and it often serves as a basis for testing other types of trends, 
even though the data are not such as to justify its use otherwise.

Method of Semi-averages.—The method of semi-averages is another 
simple method of locating a line of trend. Two points are enough to 
establish a straight line. These two points may be established by divid
ing the trend period into halves and plotting the average of the observa
tions falling in each half as representative of that period. Each of these 
semi-averages is plotted at the center of the half of the time period repre
sented (see Exhibit 140). By drawing a line between the points thus 
determined, the trend is ascertained.
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This method is flexible, for it is permissible to select representative 
periods to determine the two points. Unrepresentative years or groups 
of years may be ignored. For example, in Exhibit 140, it is apparent 
that the year 1934 is freakish and should not be considered in com
puting a trend. In determining the trend shown in Exhibit 140 (using 
the method of semi-averages), point A was established by averaging the 
years 1930-1933, inclusive, and point B was established by averaging 
the years 1935-1938, inclusive.

The yearly and monthly trend growth may be determined by divid
ing the difference between the values of point A and point B (Exhibit 
140) by the number of months or years intervening. This method pro
duces satisfactory results, although there is danger tha t the business 
cycle may affect the averages determining the two points, if the trend 
period is short.

Sometimes it  will be desirable to determine a semi-average point by 
the use of a non-continuous period of years, or from a group of observa
tions not occurring at regular intervals. For example, in Exhibit 140, 
it might be desired to represent the period 1930-1933, inclusive, by an 
average of the three years 1930, 1932, and 1933. In such a case, the semi
average point A should be centered nearer to the two points for 1932 and
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1933 than to that for 1930. To be more specific, it should be located at 
about March 1 , 1932.1

The use of the method of semi-averages need not be confined to 
arithmetic trends. If, when the data are plotted on a semilogarithmic 
chart, the desirability of a straight-line trend is indicated, the method of 
semi-averages may be applied to the logarithms of the actual data. The 
trend items for each year and month may then be obtained in terms of 
logarithms, and converted into an actual trend series by looking up their 
antilogarithms. In other words, in a compound interest trend, the semi
average points are located at the geometric means instead of a t the 
arithmetic means.

Method of Least Squares.—If a straight line fitted to the data will 
serve as a satisfactory trend, perhaps the most accurate method of 
fitting it is that of least squares. The method of least squares is a mathe
matical device which places a line through a series of plotted points in 
such a way that the sum of the squares of the deviations of the actual 
points above and below the trend line is a t a minimum. This is as near 
as it is conveniently possible to get to a line of least deviations, and is, 
therefore, accepted as the “ line of best fit.”

Mathematical methods of obtaining “ lines of least squares” are 
available for both straight-line and curved trends. The determination of 
such a line of best fit, unless it is a very complex curve, is not a difficult 
task. The determination of a straight line by the method of least squares 
for data by years is as follows :2

1. Find the arithm etic average of the da ta  (see column Y  in the table of E xh ib it 
141) and  find the m id-year (m id-point in time).

2 L ist opposite each item  the num ber of years which i t  is d is tan t from the middle 
year Give those before the m id-year the sign of m inus ( —), and those after the mid
year the sign of plus ( + ) .  See column x  in the  table of E xhibit 141. These are 
commonly called the “ tim e dev iations” and are usually designated b y  x.

3. F ind the squares of the tim e deviations found in Step 2. See column x 2 in 
Exhibit 141.

4. M ultiply each tim e deviation found in Step 2 (column x) b y  the corresponding 
item  in column Y. See column x Y  in E xhibit 141.

5. Divide the sum of the squares found in column into the algebraic sum of the 
m ultiplications in column x Y . The result is the slope of the line of least squares.

From the calculation we find the slope of the line of least squares to be
5, which indicates the amount of increase in the trend of total sales from

1 The date from which the sum of the tim e deviations (in m onths) equals zero, is 
the proper location for the semi-average point.

2 Only the least-squares m ethod applicable to straigh t lines will be discussed in 
detail. The formida, however, for a  second-degree parabola is given in the footnote 
on p. 306.
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year to year. The formula for the calculation of the slope of the line oi 
least squares is

2 xY  + 2 z 2

in which the terms 2 x Y  and 2 z 2 stand for the totals of the fifth and the 
fourth columns, respectively, in Exhibit 141.

The slope of the line of least squares gives what is called the annual 
increment. I t  is the amount, “ on the average,” by which the data 
increase from year to year. If the data had been shown for every month 
of the year, then the slope would have been the amount of increase, on 
the average, from month to month.

Year
X

Sales 
(thousands 
of dollars) 

Y

Tim e devia
tions of each 

year from 
middle year

X

Squares of 
z-deviations

X 2
x Y

Trend 
ordinates 

(thousands 
of dollars)

1934 45 - 2 4 -  90 50
1935 56 - 1 1 -  56 55
1936 78 0 0 0 60

1937 46 +  1 1 +  46 65 '
1938 75 + 2 4 +150 70

T otal
Average

5)300
60

10 -1- 50

Sum of x Y  _  50 
Sum of x2 10

E x h i b i t  1 4 1 .— S i m p l e  i l l u s t r a t i o n  o f  t h e  d e t e r m i n a t i o n  o f  a  l i n e  o f  b e s t  f i t  b y  t h e  m e t h o d  o f
l e a s t  s q u a r e s .

The middle-point value on an arithmetic trend line is the arithmetic 
average of the data. In the problem of Exhibit 141, then, the trend- 
point value for 1936 would be 60. To determine the trend value for any 
given year, it is only necessary to add to or subtract from the middle- 
point value the proper number of annual increments. Thus, to determine 
the trend value for the year 1934, we would subtract two annual incre
ments (2 X 5, or 10) from the annual average (60), which would give 50 
as the trend value for that year (see last column of Exhibit 141). Simi
larly, by adding four annual increments to 1936, we would find the future 
trend value for 1940 to be 60 +  (4 X 5), or 80. The sales data and 
trend line of Exhibit 141 are presented graphically in Part A, Exhibit 143.

Computation of Monthly Trend Ordinates (by Method of Least 
Squares).—Most time-series studies are made on a basis of monthly data, 
but it has been previously pointed out that the fitting of trends to twelve
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or even four points per year is a tedious task. For this reason the trends 
are ordinarily fitted to the average month (or average quarter) of each year.

Obviously, by using the average month of the year the data are 
reduced to -fa the size of total annual sales data. Therefore, the result
ing trend increment (when the trend is determined on the basis of 
an average month of each year instead of the total of the year) is -fa 
as large as that of total annual sales. But this is not the monthly 
trend increment; it is also an annual increment, although it is the annual 
increment in average monthly sales instead of in total annual sales. In 
order to reduce this annual increment in average monthly sales to a 
monthly increment it is necessary to divide again by 1 2 . As a result, the 
monthly increment of sales is the size of the annual increment of total 
annual sales. Similarly, a quarterly increment is A  as large as an 
annual increment in total sales.

For example, if average monthly data had been used in Exhibit 141, 
the sales column would show amounts fa  as large as the sales given, 
and the average would be 5 instead of 60. This is the trend ordinate 
for 1936 on the new basis, and the trend increment will be found to be

as large as tha t on the former basis, or -fa of one thousand dollars 
of sales. To get the trend ordinates for the other years it is necessary 
only to add or subtract the increment cumulatively, as described in the 
illustration.

To reduce the preceding annual trend increment of average monthly 
sales (fa) to a monthly increment, we again divide by 1 2 , giving Tf ? 
as the monthly increment. However, in obtaining the trend ordinates 
of the 12 months of each year a new problem arises. The trend ordinate 
for the average month of the year 1936 we have found to be 5 thousand 
dollars. This average month is what month of the year? Is it a t the 
beginning, the middle, or the end of the year? The answer is that 
the average of the year is centered at the middle of the year. This 
will include one-half of June and one-half of July, or the period from 
June 16 to July 15, and the trend ordinate for this period of 1936 is 
5 thousand dollars. To find the trend points for June and July, one- 
half a monthly increment is subtracted from the middle-point value to 
obtain the June trend point and one-half an increment is added to obtain 
the July point. The ordinates of the other months are found by adding 
or subtracting cumulatively a full month’s trend increment.

The method of obtaining monthly trend ordinates, which has just 
been described, may not obtain results exactly identical with those 
obtained by fitting the line of least squares directly to the monthly sales 
data. But it is commonly used because the mathematical computation 
of trend is much more laborious when monthly sales data are employed. 
The difference in results is ordinarily negligible for practical purposes,
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except where the monthly fluctuations are wide and erratic throughout 
the period.

The Compound-interest Curve.—Many series of business data tend 
to gain, on the average, by a constant percentage each year, instead of 
a constant amount. Such a tendency is best represented by the com
pound-interest curve, or geometric progression. An example of such 
a curve is presented in Exhibit 134, page 288.

Different rates of growth provide curves of varying shapes, but the 
compound-interest trend is readily recognized when plotted on a semi- 
logarithmic chart because on such a chart it becomes a straight line.

Year
X

Sales 
(thousands 
of dollars)

Logs of 
actual 
da ta  

(sales)

D eviations of 
each year 

from middle 
year x (log Y)

Logs of 
trend 

ordinates

Trend 
ordinates 

(thou
sands of

Y log Y
X x 2 dollars)

1934 62 1.7924 - 2 4 -3 .5 8 4 8 1.8581 72
1935 180 2.2553 - 1 1 -2 .2 5 5 3 2.0335 108
1936 115 2.0607 0 0 0 2.2090 162
1937 190 2.2787 +  1 1 + 2 .2787 2.3845 242
1938 455 2.6580 + 2 4 + 5 .3160 2.5600 363

T otal
Average*

5)11.0451
2.2090

10 1.7546

Logarithm  of annual increm ent is =  .17546.

* A rithm etic average of th e  logarithm s, or logarithm  of the  geometric mean.

E x h i b i t  142.— Simple illustration  of th e  com putation  of a com pound-interest trend.

Because of this characteristic, the compound-interest curve is sometimes 
called a “ logarithmic straight line.”

The compound-interest curve is fitted by the method of least squares, 
substituting logarithms for the actual data (see Exhibit 142). The 
entire process, even including the determination of monthly or quarterly 
trend ordinates, is carried through in terms of logarithms. The anti
logarithms of the resulting trend logarithms are then obtained and used 
as trend ordinates. Exhibit 142 (next to last column) illustrates how 
the logarithm of the annual increment is successively added to or sub
tracted from the arithmetic average of the logarithms of the sales data. 
This average logarithm is the logarithm of the geometric mean, which is 
the trend ordinate for the middle year. The actual trend ordinates are 
the antilogarithms of the resulting logarithms (see last column of Exhibit
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142). The data and trend of Exhibit 142 are presented graphically in 
Part B, Exhibit 143.

A close approximation to the results obtained with least squares on 
logarithms may be attained by using the method of semi-averages on 
logarithms. In fact, any device usable with the actual data is also suit
able for use on the logarithms, giving the compound-interest character
istics a degree of flexibility which makes them much more useful than 
they would otherwise be. Of course, the semi-logarithmic chart should be 
used as a guide for such manipulations, as it reflects tendencies toward 
geometric progression much more clearly than does the arithmetic chart.

The S-curve Trend.—The tendency of the growth of an industry, espe
cially if it is expressed on a per capita basis, to have small gains a t first, 
then relatively large gains, and then small gains again as it approaches

THOUSANDS THOUSANDS
OF DOLLARS OF DOLLARS

A B
E x h i b i t  143.— A . A rithm etic trend line computed in E xhibit 141. B. Compound- 

in terest trend line computed in Exhibit 142.

the market saturation point, is generally appreciated. Such series as 
automobile registrations and telephone and electric-light installations 
over a period of time have shown these growth characteristics in a manner 
which is very similar to the characteristics of a cumulative normal fre
quency distribution. Many other series of business data show tendencies 
of growth that vary in such a manner tha t they show characteristics of 
cumulative frequency curves other than those of the normal or bell
shaped curve when cumulated. Trend curves showing these tendencies 
toward an S form are known as “ S-curves,” and although there are 
theoretical limitations upon their use in the analyses of many time series, 
they have been found to be of practical value in analyzing trends which 
show a persistent tendency toward an S form.

As an introduction to the study of trends of this sort, a brief descrip
tion will be given of the use of the S-curve, which, when plotted, corre
sponds in appearance to a cumulative frequency curve made from a
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bell-shaped or symmetrical distribution. It is to be emphasized that this 
particular S-curve can be used in time series analyses only when it fits 
the data presented. The use of other S-curves of this type in analyses of 
time series can be found in the more extended discussions of this subject. 1

The use of the concept of a cumulative normal frequency distribution 
in analyzing the trend of a time series is greatly facilitated by plotting 
the curve on cumulative probability paper2 using a simple arithmetic

T o t a l  A u t o m o b il e  R e g is t r a t io n s  i n  t h e  U n i t e d  St a t e s  p e r  100 P e r s o n s  
(December 31, 1905 to 1937)

Year
N um ber of 

registrations 
per 100 persons

N um ber 
m ultiplied by 

4 .3
Y ear

Num ber of 
registrations 

per 100 persons

N um ber 
m ultiplied by 

4 .3

1905 .09 .39 1922 11.15 47.94
1906 .13 .56 1923 13.60 58.48
1907 .16 .69 1924 15.77 67.81
1908 .22 .95 1925 17.50 75.25
1909 .35 1.50 1926 18.97 81.57
1910 .50 2.15 1927 19.87 85.44
1911 .65 2.79 1928 20.65 88.79
1912 .97 4 .17 1929 21.98 94.51
1913 1.33 5.72 1930 21.57 92.75
1914 1.75 7.52 1931 20.80 89.44
1915 2.48 10.66 1932 19.30 82.99
1916 3 .50 15.05 1933 18.98 81.61
1917 4.99 21.46 1934 19.71 84.75
1918 5.98 25.71 1935 20.57 88.45
1919 7.28 31.30 1936 21.97 94.47
1920 8 .72 37.50 1937 23.05 99.11
1921 9.75 41.92

E x h ib it  144.— Table of da ta  to accom pany Exhibits 145 and 146.

scale to represent time. The use of probability paper enables one to 
apply probability laws to business problems without laborious mathe
matical treatment. Exhibit 145 shows total automobile registrations 
per 100 inhabitants in the United States from 1905 to 1937, and how the

1 K u z n e ts , Simon S., “ Secular M ovem ents in Production and Prices,” 
H oughton Mifflin Company, Boston, 1930; P e a r l ,  Raym ond, “ The Logistic Curve 
and the Prediction of the Population of the Chicago Region,” Journal of the American 
Statistical Association, Vol. 23, p. 361, D ecember 1928; Y u le , G. U dny, “ Laws of 
Population G row th,”  Journal of Royal Statistical Association, Vol. 88, pp. 1-58, 
January  1925; P e rs o n s , W a r r e n  M., “ Forecasting Business Cycles,” Chap. X II, 
John W iley & Sons, Inc., New York, 1931; H ay , W illiam  W re n  “ ‘Estim ation of 
Population G row th,” Roads and Streets, Vol. 81, No. 6, pp. 45-47, June 1938.

2 The probability  paper recommended for th is purpose is th a t  designed by Allen 
Hazen and sold by  the Codex Book Company, Inc., Norwood, Mass. The paper is 
often referred to as “ H azen’s Cum ulative Probability  Paper.”
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trend corresponds to the familiar S-shaped cumulation of a normal fre
quency curve. Exhibit 146 shows how this curve trend forms a straight 
line when plotted on cumulative probability paper to the proper scale.

The probability paper illustrated in Exhibit 146 is so designed 
that cumulative normal frequency curves can be plotted as straight lines. 
I his fact makes it possible to construct a trend with a much smaller 

number of observations than would otherwise be required and, what is

more important, it also permits the projection of the trend into the future 
with the likelihood that such projection will be in accordance with the 
actual development. “ Although the theory governing the probability 
curve has been well understood for a long time, its application has been 
united almost entirely to technical problems, owing to the difficulty of 

plotting it. The designing of probability paper has opened up through 
its simplicity a much wider field, and unquestionably there are many 
problems that may be solved by it that have as yet not been worked out. 
The law of probability is applicable to a wide variety of fields in experi
mental and statistical work, testing, sampling, insurance, in fact to
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all sorts of observations which are not susceptible to an exact mathemati
cal analysis, but which may be solved approximately through their 
dependence upon the laws of chance. ” 1

E x h ib it  146.— An S-curve trend plotted on probability  paper. {Adapted from  American
Founders Corporation.)

The scales of small figures on the sides of the graph in Exhibit 146 
are in percentages. These figures appear on the paper as it comes from

1 H a s k e l l , A l l a n  C., “ Graphic C harts in Business,” p. 149, Codex Book Com
pany, Inc., Norwood, Mass., 1928.
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the manufacturer. rl he limits of a cumulative series are no items and 
all items—that is, 0 and 100 per cent of the total of the series. The 
probability scale laid out in percentages will never reach either 0 or 10 0  

per cent in either direction, for the true normal curve is asymptotic to 
(i.e., approaching but never reaching) the horizontal axis, and its 10 0  

per cent parallel. Therefore, we can never plot 0 and 10 0  per cent on this 
paper. We can only approach these limits by extending the scale into 
small fractions toward each limit. 1

In order to plot an S-curve as a straight line, it is necessary to multiply 
(or divide) the original data by a constant in order to adjust the sizes of 
the data to correspond to the scale of the probability paper. The size 
of this constant is determined by experiment. If we multiply by a con
stant that is too large, the line will curve upward, and if we multiply by 
a constant that is too small, the line will curve downward.

To illustrate the use of probability paper in greater detail, let us 
consider the data on total auto registrations per 10 0  inhabitants pre
sented in Exhibit 144. Suppose that our horizontal scale of years is 
identical with that in Exhibit 146.2 Then as a trial, let us take three 
points, one from near the beginning of the series, one from near the 
middle, and one from near the end—namely, the figures for 1907, 1922, 
and 1937 (see Exhibit 144). Now the problem is to see if we can multiply 
these data by a constant that will enable us to plot them (according to 
the scale of small figures on the right, Exhibit 146) so tha t they will 
lie in a straight line, running diagonally from the lower left to the upper 
right. If 3 is used as a constant, the curve turns downward. If 5 is 
used, the curve turns upward. If 4 is used, the points lie more nearly 
in a straight line. Further experiment shows that 4.3 is a satisfactory 
constant.3 The original data are then multiplied by 4.3 as shown in the 
last column of the table of Exhibit 144 and plotted according to the 
detailed scale of percentages on the right of the graph (Exhibit 146). 
This trend has been projected to 1940. For convenience in reading, a 
scale in terms of registrations can be set up as shown by the large figures

1 This is n o t an im portan t difficulty, however, as “ unless we deal w ith large series, 
containing over ten  thousand item s and so grouped th a t  th e  term inal groups have 
only one item  each, we shall no t need to  p lo t points less than  .01 per cent or greater 
th an  99.99 per cen t.” See K arl G. K arsten, “ C harts and G raphs,” p. 460, Prentice- 
Hall, Inc., New York, 1923.

2 The probability  paper referred to in th is illustration, nam ely as illustrated  in 
E xhibit 146, can be used only for the type  of S-curve to  which th is discussion is 
limited.

3 I t  should be appreciated th a t we cannot determ ine our constan t on th e  basis of 
the ratio of the average of the da ta  to the average of the percentage scale, because a t 
the outset we do no t know w hat p a rt of the complete range our da ta  represent. 
Therefore, the best fit is determ ined experimentally as described.
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oil the right of the graph. In this case the units 1, 2, 5,10, 15, 20, 22, and 
23 were selected as convenient in relation to the spacing. By multiply
ing these by 4.3 and finding the positions on the percentage scale, we have 
the proper locations for the corresponding scale figures.

Having determined the trend in the above manner, it is sufficiently 
accurate for most purposes to read the values of this trend line from the 
graph, but they can be mathematically computed if greater accuracy is 
desired. In either case, the corresponding data can then be expressed 
in percentage deviations from the trend, and these can be converted to 
standard or average deviations.

While the fitting of growth curves to straight lines on this special 
plotting paper may have but little significance if only a fraction of the 
growth is shown, the significance is great when a close fit is obtained 
with respect to a growth curve that has approached to within 20  per 
cent of its saturation point. 1 Of course, an S-curve trend, like all 
other trends, should not be used unless supported by a strong logical 
justification .2

One of the greatest difficulties in using the S-curve as above described 
is to make the proper selection of the three points on which to base the 
straight line. Here careful judgment must be exercised if the line is to 
serve as a normal above and below which the cycles fluctuate. If the 
values fluctuate as much as they do toward the end of the period in 
Exhibit 146, it is particularly important to apply external checks to see 
if the position is reasonable. Probably the greatest importance of the 
S-curve in time-series trend fitting is not in its direct use, which will 
be only occasional, but rather in its indirect value in the training and 
help that it gives the statistician in fitting representative trends of other 
types. A keen appreciation of the long-time tendency of a mature indus
try to flatten out as it approaches a saturation point in the market is

'S e e  M. C. R orty, “ S tatistics and the Scientific M ethod,”  Presidential Address, 
Ninety-second Annual Meeting, American S tatistical Association, D ecember 31, 1930, 
published in the Journal of the American Statistical Association, M arch 1931, pp. 1-10.

2 Further inform ation on frequency curves and probability paper is given in Allan 
C. Haskell, “ Graphic C harts in Business,” pp. 143-151 and 340-351, Codex Book 
Company, Inc., Norwood, Mass., 1928; and K arl G. K arsten, “ C harts and  G raphs,” 
pp. 450-471, Prentice-Hall, Inc., New York, 1923.

Occasionally i t  is advisable to m easure a curving trend  (not of the S type) whose 
am ounts of change are increasing or decreasing, or whose percentage rate  of change is 
gradually changing (see Exhibit 176, p. 374). For m ost practical purposes a second- 
degree curve of the potential series (second-degree parabola) is satisfactory. The 
general form ula for the trend points is, y = a +  bx +  cx2, in which y  represents the 
trend value of y or the trend ordinates. The constants a, b, and c are found by solving 
three norm al equations in three unknowns. For fu rther explanation of the m athe
m atical process, see Frederick C. Mills, “ S tatistical M ethods,” pp. 253-279, H enry 
H olt & Company, New York, 1938.
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imperative to the business statistician, and a knowledge of S-curve trend 
fitting will be of much help to him in making the necessary allowances 
and adjustments, when, as will usually be the case, he is attempting to fit 
a straight line, a free-hand curve, or other simple type of trend.

Mathematical Methods of Trend Measurement Not “Fool-proof.” 
As will be inferred from the description of types of trends, accurate trends 
cannot always be fitted mathematically. Since the approach is generally 
that of fitting a line or curve to the charted original data, the particular 
mathematical device used is the one which the statistician believes will 
best enable him to measure the movements apparent to his eye. How
ever, mathematical methods of fitting trend are not “ fool-proof” ; in fact, 
they are the source of some of the most serious errors that are made in 
statistical work. They should never be used unless rigidly controlled by 
a separate logical analysis. Trend fitting depends upon the judgment of 
the statistician, and a free-hand sketch is often more practical than a 
refined mathematical formula.

Effective use of mathematical methods in trend measurements is 
possible only when the statistician is reasonably familiar with the inherent 
characteristics of each type of trend line. While the fitted curves tend to 
follow the observed points to which they are fitted, the curve formulas 
control the characteristics of the trend lines to such an extent that the 
use of the wrong one necessarily means a poor fit. For this reason, as 
indicated previously, it is necessary that one appreciate mathematical 
methods of trend fitting if he is to be able to fit a free-hand trend skillfully.

Trend Fitting Not Merely Curve Fitting—Importance of Free-hand 
Curves.—In fitting trends it must be thoroughly appreciated that the 
objective is to determine the fundamental tendency over a considerable 
number of years. Suppose that in January 1938 we are fitting a trend 
curve to steel-ingot production for the period from 1900 to 1937, inclusive. 
The position of the trend a t the end of the period should be representative, 
not only of the data of the past period, but also for at least a few years 
into the future. I t  should be located at the level above and below which 
past and future cycles will fluctuate. Obviously, a mathematically 
fitted line, for instance, even though it be the most representative line 
that could be fitted to the curve, may not represent the fundamental 
growth tendencies of the series. In Exhibit 147 a line (or curve) mathe
matically fitted to the period from 1920 to 1930 would indicate a down
ward tendency into the future. Economic analyses of the conditions 
surrounding steel-ingot activity, however, indicate that such a trend 
would not be truly representative of the long-time fundamental tendencies 
of the series.

A trend-fitting problem like that of Exhibit 147 requires a combina
tion of methods together with a thorough understanding of the nature of
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PRODUCTION OF S TEEL INGOTS, UNITED ST A T E S  
1900-1937

MONTHLY AVERAGES
MILLIONS 
OF TONS

A
M ILLIONS

B
SO U R C E : SU RVEY  OF CU RR EN T  B U S IN E S S  _____________________________________________________________

E x h i b i t  147.— A  fr e e - h a n d  c u r v e  t r e n d  f i t t e d  b y  in s p e c t io n  b u t  b a s e d  p a r t l y  u p o n  a  
m o v in g  a v e r a g e  f o r  t h e  e a r l y  p a r t  o f  t h e  p e r io d  a n d  a  n u m b e r  o f  c o m p u te d  t r e n d s  for t h e  
l a t e r  p a r t  o f  t h e  p e r io d .
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long-time tendencies and good judgment on the part of the statistician. 
For the most part, the trend shown in Exhibit 147 is a free-hand curve 
based, in turn, upon a 10 -year moving average for the early part of the 
period, and upon a number of efforts to compute a trend for the later 
part of the period. At the end of the period an arbitrary adjustment is 
included, based upon a general knowledge of economic growth tendencies 
and a careful consideration of the influence of a major depression on the 
usual methods of curve fitting. The resulting free-hand curve stands 
the test of rational analysis when plotted on both arithmetic and loga
rithmic paper. Such trends must be carefully watched when making 
current analyses and forecasts, and checks must be made with outside 
data to determine whenever possible whether the trend level or slope is 
too high or too low to be reasonable.

D ata  of Exhibit 141 D ata  of E xhibit 142

A B C D E F
Y ear Series in Series in

Sales in Trend percentage Sales in Trend percentage
thousands ordinates deviations thousands ordinates deviations
of dollars from trend of dollars from trend

1934 45 50 - 1 0 62 72 - 1 4
1935 56 55 +  2 180 108 + 67
1936 78 60 + 30 115 162 - 2 9
1937 46 65 - 2 9 190 242 -2 1
1938 75 70 +  7 455 363 + 25

E x h i b i t  148.— Simple examples o f  elim inating trend.

Elimination of Trend.—Usually the best method, and in many 
instances the only practical method of eliminating the trend influence, 
is to express the actual data as percentages of the corresponding trend 
ordinates—that is, to divide each trend ordinate into the corresponding 
actual sales or other items. When the resulting percentages of trend are 
plotted, the points will appear above or below the horizontal 10 0  per cent 
line, and the relative variations from the trend can easily be measured by 
noting the distances (on the percentage scale) of each point from the 
horizontal base. If desired, 100 per cent may be subtracted from each 
percentage of trend item, giving positive and negative percentage devia
tions from trend. Exhibit 148 illustrates the elimination of the trends 
computed in Exhibits .141 and 142 (see columns B  and E) from the 
original sales data (columns A  and D) with the adjusted series expressed 
in terms of percentage deviations from trend (columns C and F).

I t is also possible to determine variations from trend by subtracting- 
each trend ordinate from the corresponding actual datum. But the
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result is in size units, such as dollars or pounds, rather than in percentage 
terms. For further statistical use, it is usually desirable to state the 
variation from trend in percentage terms, and these percentages are, in 
turn, often converted to terms of percentage deviations, average devia
tions, or standard deviations.

Questions and Problem s

1. W hat is basic or long-time trend?
2. Describe three common types of trends. W hat is m eant by “ broken trends ?
3. W hat would you do first to determ ine the proper trend formula?
4. In  charting da ta  for trend purposes, w ha t is ordinarily a proper relationship 

for the  horizontal and vertical scales?
6. Discuss the problem of determ ining the proper tim e period for trend 

measurem ent.
6. Is it  ever advisable to disregard any items in a series for trend  m easurem ent

purposes? Explain.
7. If weight is to be given to any portion of the period for which the trend is to be 

measured, to which portion should it  be given? W hy?
8. Name four methods of determ ining a  line of trend.
9. W hat are the advantages and disadvantages of the free-hand curve trend?

10. Describe the m ethod of moving averages as used in trend m easurem ent. 
W hat factors determ ine the period of the average? W hat are the disadvantages of 
this m ethod of trend com putation?

11. Explain the m ethod of semi-averages for trend measurem ent. W hat are some 
of the advantages of this method ?

12. S tate the steps in the com putation of a straight-line arithm etic trend by the 
m ethod of least squares.

13. W hat is m eant by “ trend increm ent” ? By “ trend o rd ina te” ?
14. Is the m onthly trend  increm ent one-twelfth the annual trend  increm ent? 

Explain.
15. W hy are trends often fitted to the average m onth of the year by th e  m ethod of 

least squares instead of to  annual data?
16. How is the method of least squares used in fitting a com pound-interest curve?

Describe the process.
17. In  connection w ith w hat types of growth should the S-curve trend be used?
18. Explain the use of probability paper in determ ining S-curve trends.
19. W hy should the S-curve trend (as well as o ther trends) be supported by a 

strong logical justification?

S a l e s  o f  J o n e s  W h e e l  C o ., 1922-1937

1922 $59,000 1930 $99,000
1923 42,000 1931 84,000
1924 47,000 1932 61,000
1925 58,000 1933 32,000
1926 67,000 1934 40,000
1927 89,000 1935 52,000
1928 78,000 1936 68,000

1929 92,000 1937 84,000

N o t e :  T his tab le  is p a rt of Problem  22.
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20. Explain “ m athem atical methods of trend fitting are no t fool-proof.”
21. Describe two m ethods of eliminating the effect of trend from a tim e series. 

How are “ percentage deviations from tre n d ” obtained?
22. From the annual sales of Jones Wheel Co. for the years 1922-1937, as shown 

in the table  on page 310, com pute the trend  ordinates for these calendar years by 
the moving-average method. Use a 4-year moving average.

23. The M orton Lum ber Company had average quarterly  sales (in millions of 
dollars) as follows:

Average
Year quarterly sales
1930 2.1
1931 2 .0
1932 1.6
1933 1.7
1934 2 .2
1935 4 .3
1936 6 .7
1937 7 .6

a. By the method of least squares find the quarterly  trend  ordinates for each of 
the eight years.

b. W hat is the annual trend ordinate for 1937, and w hat is the annual increm ent 
of the annual trend?

c. W hat are the quarterly  trend ordinates for the four quarters in 1937?
24. Sales of the Pacific Book Company by quarters for the years 1932-1937 were 

(in thousands of dollars):

Year 1st quarter 2d quarter 3d quarter 4th quarter

1932 34 46 40 60
1933 37 23 41 19
1934 17 24 28 31
1935 35 45 37 43
1936 29 44 38 49
1937 40 47 38 55

By the m ethod of least squares w hat is the annual increm ent of the annual trend? 
W hat is the quarterly  trend ordinate for the th ird  quarter of 1937, and how does this 
figure compare w ith the actual sales of th a t quarter?

25. Electric power sales and revenues in the U nited States, 1928-1936, were as 
shown in the table  a t the top of page 312.

a. W hat is the m onthly trend ordinate for Septem ber 1936 of the sales of power? 
Use the method of least squares.

b. W hat is the m onthly trend increm ent per m onth for the revenues from power 
sales? Use the method of least squares. W hat would be the m onthly trend ordinates 
for revenues in 1937?

c. F it a free-hand trend to the data  taking into consideration possible and prob
able fu ture growth. Show graphically.
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Y ear
Sales 

(in billions of 
kilowatt-hours)

Revenue 
(in billions of 

dollars)

1928 67.0 1.78
1929 75.3 1.94
1930 74.9 1.99
1931 71.9 1.98
1932 63.8 1.83
1933 66.0 1.77
1934 70.8 1.84
1935 77.6 1.92
1936 90.0 2.07

Source: T he Edison E lectric In stitu te .

26. By the method of semi-averages fit a  straight-line trend to the following 
Dow Jones averages of railroad-stock prices:

а. For the years 1899-1936.
б. For the years 1918-1936.

Year
Average

price
Year

Average
price

Year
Average

price

1899 $ 79.76 1912 $119.64 1925 $102.96
1900 83.99 1913 109.30 1926 112.87
1901 105.26 1914 98.42 1927 132.06
1902 120.55 1915 98.07 1928 142.65

1903 105.04 1916 105.70 1929 158.59
1904 105.39 1917 88.26 1930 124.80
1905 124.03 1918 85.06 1931 72.50
1906 129.33 1919 82.38 1932 27.27
1907 106.68 1920 76.60 1933 39.98

1908 103.05 1921 71.54 1934 43.08

1909 124.18 1922 83.71 1935 34.58
1910 117.75 1923 83.71 1936 50.28

1911 116.83 1924 89.74

Source: The Wall Street Journal, Pacific Coast Edition, M arch 1937, Review and Supplement. The 
prices quoted  are averages of th e  high and  low for th e  respective years.

In  both a and b chart the data  together w ith the trend line (see Exhibit 140).
27. F it a 3-year moving average trend to  the da ta  given in Problem 26.
28. F it a  trend  by the method of least squares to the data  given in Problem 26.
29. F it a  free-hand trend to the da ta  of Problem 26.

CHAPTER XV

TIME SERIES—SEASONAL VARIATION

The various weather and climatic conditions, which characterize 
different portions of each year, have a direct bearing upon trade and 
production and, consequently, are very important in determining slack 
and busy seasons. Nearly every type of business activity is susceptible 
to seasonal influence, to a greater or a lesser degree, and the seasonal 
effects are present whether the year be a prosperous one or a dull one. 
Seasonal variation is, therefore, to be accepted as a normal phenomenon, 
recurring every year, and one which should be accounted for in attempts 
to study the causes of past developments or to forecast coming events.

Nature of the Seasonal Movement.—The seasonal movement in the 
form of recurring peaks and valleys of each year can easily be observed in 
Part A, Exhibit 149, which shows the volume of sales of a machinery 
firm for 2 1  years, from 1918 to 1938. I t  is also apparent that the seasonal 
movement is much more pronounced in the more recent years when sales 
have been larger. However, when we place the same data on the 
logarithmic scale (Part B, Exhibit 149), the seasonal fluctuations appear 
to be relatively about the same throughout the entire series. This test 
illustrates two important characteristics of most seasonal movements: 
(1 ) that their extent tends to be a certain proportional deviation from the 
average business a t the time, rather than a definite amount; and (2 ) that 
this proportional deviation ordinarily does not change rapidly . 1

In Chapter X III, a normal year in any series was described as one in 
which only the trend and regularly recurring seasonal factors were 
operating, and in which there were no effects due to cyclical and erratic 
factors. Assuming that such a year is found, and the monthly trend 
values are known, the measurement of the seasonal movement is a simple 
task. If we divide the actual monthly values by the corresponding trend 
values, the several quotients represent the seasonal variation, stated as 
;percentages of the trend.

To illustrate, we may find that, on account of seasonal acceleration, 
January of our assumed normal year is 110 per cent of the trend for

1 These conclusions are no t based upon universal characteristics, b u t ra ther upon 
the tendencies in the m ajority  of cases. N ot infrequently  seasonal variation m ay 
change. In  such cases, m ethods for m easuring changing seasonal variations should be 
used, if accurate m easurem ent is necessary (see pp. 324 and 325),

313
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January; or that due to seasonal dullness, August of our assumed normal 
year is 80 per cent of the August trend. These percentages are the 
“ seasonal indexes” for January and August, respectively. Such a

seasonal index indicates the relationship of any “ normal” month to the 
computed trend for that month. But the completely normal or “ ideal” 
year (which has only trend and seasonal factors) is practically never found 
in business data, because of cyclical and erratic influences. Over a 
period of years, however, the cyclical and erratic effects are likely to be 
offsetting, and if averages are taken of the Januarys, of the Februarys,
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of the Marchs, etc., one should obtain a normal year. This may be 
done by averaging the ratios to trend for each January (over a period 
of years), for each February, etc., to obtain a normal ratio to trend for 
each month.

Preliminary Considerations.—Before attempting to measure seasonal 
variation, certain preliminary decisions must be made. It is, of course, 
necessary to decide whether weekly, quarterly, or monthly indexes are 
required, which will be determined by the nature of the problem and the 
type of data available.

I t is possible to make the computation of seasonal indexes more 
accurate by some methods if trend influences are eliminated before the 
seasonal computations are made. This may be done by computing the 
trend values and dividing them out of the series, as was explained in 
the preceding chapter.

The problem of varying lengths of months, which was discussed 
previously in connection with Exhibit 132 on page 282, is important in 
determining seasonal variation. It is sometimes necessary to make 
special allowances for varying lengths of months from one year to the 
next because of differences in the numbers of Sundays, holidays, etc. 
Adjustments may sometimes be made in the seasonal percentages, or in 
the original data for each month, by dividing by the number of working 
days in the month to arrive at an average daily figure. Then the 
analysis may proceed in the usual manner, using the daily averages 
instead of the monthly totals.

The fact that the same months in different years do not always con
tain the same number of business days, owing to changes in the calendar, 
is significant when handling the statistics of certain lines of business, 
where the amount of activity varies directly with the number of business 
days. In other types of business there is little difference between a 
Sunday or holiday and an ordinary work day. Between these two 
extremes are various degrees of difference.

The ordinary seasonal percentage may often be made more accurate 
by adjusting it to allow for the number of working days in the month. 
For example: July has 31 days, of which 1 is a holiday and (the average 
number) are Sundays, thus leaving 25.57 working days. When there 
are 5 Sundays in July the number of working days is 25, or 2.2 per cent 
less than the average, and the seasonal index should thus be decreased 
that much. Conversely, when July has only 4 Sundays there are 26 
working days, or 1.7 per cent more than the average; the normal seasonal 
index should therefore be increased by 1.7 per cent. This sort of scheme 
is logical only when the volume of activity is known to be a function 
of the number of work days, and when the 6 work days of the week are 
equal in importance.
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No arbitrary rule can be laid down which will determine whether or 
not the average daily basis is better or worse than the monthly total 
basis for any particular series. In most cases, it is evident that correc
tions for differences in additional days at the ends of the months are 
sound, but whether or not adjustments should be made for Sundays and 
holidays is a more difficult question. I t is obvious, for instance, that if 
a restaurant closes on a holiday, the day’s business is lost, while if a 
clothing store closes on a holiday, its sales will be made up largely on the 
immediately following and perhaps preceding days. The fluctuations 
in a series like bank clearings, however, are due to an intricate combina
tion of many kinds of activities, and it is very difficult to determine the 
real effect of holidays. Average daily figures based on so-called working 
days, therefore, should not be used blindly, but only when a careful 
analysis indicates tha t they are more representative than the totals.

Period of Seasonal Calculation.—Just as in the case of basic trends, 
the seasonal-index computations must be made from data which are 
homogeneous and representative. A seasonal index of short-time money 
rates covering the period 1900 to 1938 would be fallacious, for the data 
are not homogeneous. Because of the inauguration of the Federal 
Reserve System and recent banking legislation, a number of changes have 
occurred in the seasonal characteristics of interest rates. Similar exam
ples are available in all lines of business. On the other hand, it would 
be deceptive to compute an index of seasonal variation for interest rates 
if we used only three or four years, for the data are so affected by the 
business cycle and stock speculation that such a short period would not 
be representative. For some data, three years may be enough; for other 
series, eight, ten, or even more years may be necessary.

To guide the statistician in the selection of the proper period (or 
periods) for his index, both qualitative and quantitative facts are usually 
available. Facts about changing economic circumstances will provide the 
first, and a study of the original data and of the link relatives or other 
basic ratios will give the second.

Methods of Measuring Seasonal Variation.—There are many different 
methods of measuring seasonal variation, some of which are quite accu
rate and some of which are only approximate. The following methods, 
which are practical for business use, will be discussed somewhat in detail:

1 . Method of monthly totals or monthly averages.
2. Ratios-to-trend method.
3. Ratios-to-moving-average method.
4. Link-relative method.
Other specialized methods for measuring changing seasonal variation, 

and for applying seasonal indexes to unadjusted data, etc., will be dis
cussed briefly.
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Method of Monthly Totals or Monthly Averages.—The method of 
monthly totals or monthly averages is one of the simplest methods of 
obtaining a seasonal index. The procedure is as follows:

1. Arrange the unadjusted  da ta  by years and m onths as in the A  columns of 
Exhibit 150.

2. Find the to tals of the Januarys, Februarys, etc. (see column B, E xhibit 150).
3. Express the to ta l of each m onth  as a percentage of the average of the m onthly 

totals. This is the measure of seasonal variation (see column C, E xhibit 150).

M onth

Sales (in thousands of dollars) C
Percentage of 
each m onthly 

to ta l to 
average 

m onthly  total

A

1936

A

1937

A

1938

B
Total of 

three 
years

132 172 207 511 99 5
F ebruary ............... 104 141 167 412 80.2

96 103 203 402 78.3
86 110 182 378 73.6

M ay ............................ 91 160 170 421 82.0
100 155 216 471 91.7
112 186 220 518 100.9

A ugust............................ 113 189 261 563 109.6
106 178 274 558 108 7

O ctober.......................... 117 168 289 574 111 8
131 209 312 652 127 0
146 232 324 702 136.7

6162 1200.0

Average m onthly to ta l . . . 513.5 100.0

U1 seasonal variation by the m ethod of m onthly to tals 
K °  ,! ! T  5 y  illustration, only three years have been used. Ordinarily the period 

should be longer in a practical problem.) period

II, instead of the totals of each month, the average of each month 
is used in column B, the same results are obtained.

1  he method of monthly totals of computing seasonal variation gives 
undue weight to the data of the years in which the greatest amount of 
activity occurs, for those years will have the greatest effect on the monthly 
totals. Thus, in the example just given, the year 1936 was a very poor 
year, especially during the first half, and as a result the monthly totals 
for the early months are less than they would be under more normal 
circumstances. Again, the last months of 1938 were much higher than 
usual, so that these monthly totals are larger than they would be under 
more normal circumstances.
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This method does not allow for the trend. Consequently, in the 
above case, there is an “ annual trend increment” in the monthly totals 
which causes the first months of the year to be less than they would other
wise be, and, similarly, which causes the last months of the year to be 
larger than they would otherwise be. In applying this index to deter
mine what the sales would have been if no cyclical influences were present 
(that is, if seasonal and trend influences alone had been present) it is 
necessary to adjust the datum of the average month of the year instead of 
the actual datum of each month. The application of seasonal indexes 
in this manner is discussed on pages 336 to 339. 1

The advantages of this method are that it is simply computed, easily 
understood, and may be readily interpreted. It should be appreciated 
that for purposes of illustration, a very simple example is used in Exhibit 
150, and that ordinarily a three-year period is too short for practical 
purposes. Three-year periods are usually influenced too much by erratic 
and cyclical influences to give dependable seasonal indexes.

Ratios-to-trend Method.—The method of monthly totals or monthly 
averages does not directly give any consideration to the trend which may 
be in the data. The ratios-to-trend method is one of the simplest of the 
commonly used devices for measuring seasonal variation which takes the 
trend into consideration. The steps in the calculation of seasonal varia
tion by this method are as follows:

1. Arrange the unadjusted  data  by  years and m onths as in the A  columns of 
E xhibit 151.

2. Com pute the trend value for each m onth (quarter, week, etc.) as in the B 
columns of E xhibit 151.

3. Express the da ta  for each m onth as a percentage ratio of the corresponding 
trend value (see C columns, Exhibit 151).

4. T otal the January  ratios, the February ratios, etc., found in Step 3 (see column 
I), E xhibit 151).

5. F ind the average ratio  for each m onth (see column E, Exhibit 151).
6. A djust the average ratios found in Step 5 so th a t they will themselves average 

100 per cent (see column F, Exhibit 151). (The m ethod of doing th is is described in 
the succeeding section, pages 319 and 320.)

Instead of finding the arithmetic average of the ratios to trend, some
times the median is found. The choice may depend upon circumstances, 
but there is a preference for the median if several erratic ratios are found. 
In fact, if a fairly large number of years is used in the computation, it 
is not uncommon to omit extremely erratic ratios from the computation 
of the average of monthly ratios. In Exhibit 151, only three years have 
been used (to simplify the illustration). Only the arithmetic average 
should be used for a small number of years.

1 In using this reference, note carefully the footnote on p. 337.

T I M E  S E R I E S — S E A S O N A L  V A R I A T I O N .319

The ratios-to-trend method has, like the monthly totals method, the 
advantage of simplicity and ease of interpretation. Although it makes 
allowance for trend, it may be influenced by errors in the calculation 
of the trend. Thus, if the trend had been erroneously computed in the 
preceding example, some or all of the ratios would be affected. If the 
error is in the slope of the trend, then an error will appear in all the ratios; 
if the error appears in the computation of certain trend points, then only 
those ratios are affected which are based upon the erroneous trend

M onth

A
A ctual sales 
(thousands 
of dollars)

B
T rend values 

(thousands 
of dollars)

C
Percentage 

ratios to 
trend Total

E
Average

ratios
(per

cent)

F
Seasonal

index
adjusted

(per
cent)1936 1937 1938 1936 1937 1938 1936 1937 1938

J a n u a ry ...  . 125 213 275 120 180 240 104 118 115 337 112 113
F eb ru a ry . . . 104 176 235 125 185 245 83 95 96 274 91 92
M arch.......... 101 163 185 130 190 250 78 86 74 238 79 80

A pril............ 95 151 216 135 195 255 70 77 85 232 77 78
M ay ............. 105 172 149 140 200 260 75 86 57 218 73 74
Ju n e ............. 120 193 242 145 205 265 83 94 91 268 89 90

Ju ly .............. 240 226 277 150 210 270 160 108 103 371 124 126
A ugust........ 147 236 203 155 215 275 95 110 74 279 93 94
S ep tem ber.. 143 230 286 160 220 280 89 105 102 296 99 100

O ctober. . . . 164 222 315 165 225 285 99 99 111 309 103 104
N ovem ber.. 190 250 342 170 230 290 112 109 118 339 113 114
D ecem ber. . 219 326 396 175 235 295 125 139 134 398 133 135

E x h i b i t  1 5 1 .—Computation of seasonal ratios by ratios-to-trend method. (In order 
to simplify the illustration only three years have been used. Ordinarily, a seasonal index 
should be based upon a longer period.)

values. The ratios-to-trend method also may be undesirably influenced 
by pronounced cyclical and erratic influences. This source of possible 
error is theoretically eliminated by the selection of a period of time in 
which depression is offset by prosperity, so tha t the repeated observations 
establish average ratios which approximate normal.

Adjustment of Seasonal Ratios to Average 100 Per Cent.—Seasonal 
ratios, since they represent deviations from normal conditions, represent 
a complete seasonal cycle which recurs each year; that is, they give a 
numerical expression of a decline below the basic trend, a return to trend, 
a rise above trend, and a second return to trend according to the seasons 
of the year. As a result of this pendulum-like movement, they should
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average 10 0  per cent. If the seasonal ratios do not average 10 0  per cent, 
it is customary to adjust them, however they may have been obtained, 
so tha t they will average 100 per cent. This is done by dividing the 
seasonal ratio for each month (i.e., 112, 91, 79, etc., in Exhibit 152) by 
the average seasonal ratio of all months (98.8 per cent in the example of 
Exhibit 152). The resulting adjusted seasonal index is shown in Column
B of the table in Exhibit 152.

The Ratios-to-moving-average Method.—The computation by this 
method is identical with the computation of the ratios-to-trend seasonal 
index just described, except that a moving-average trend is substituted

M onth

A

Seasonal 
ratios 

(per cent)

B
Adjusted 
seasonal 

index 
(per cent)

Jan u a ry ................................. 112 113.3
F eb ruary ............................... 91 92.1
M arch .................................... 79 79.9

77 77.9
73 73.8
89 90.1

124 125.5
93 94.1

Septem ber............................. 99 100.2
103 104.2

N ovem ber............................. 113 114.3
D ecem ber.............................. 133 134.6

T otal of seasonal ratios 1,186 1200.0

Average seasonal ratio  98.8 per cent (1,186 . 12)
E x h i b i t  1 5 2 .— A d j u s t m e n t  o f  s e a s o n a l  r a t i o s  t o  a v e r a g e  1 0 0  p e r  c e n t .

for the fitted trend used in the previous calculation. The moving- 
average trend values are found by computing moving averages on a basis 
of 121 months (or four quarters for quarterly data), see B columns, 
Exhibit 153. In centering the average of each year interval, it will be 
found that the central month includes one-half of two months. For 
example, in centering the average of 12 months beginning with January, 
it will be found that the central month includes one-half of June and one-

1 Obviously, a  trend com puted on the basis of a  12-month period does no t m eet the 
requirem ents of a basic trend, as discussed in Chap. XIV. In reality, the 12-month 
moving average is a composite of all the  factors b u t the seasonal factor— th a t is, it 
includes trend, cyclical, and erratic factors. I t  is adequate as a base, however, upon 
which to determ ine the seasonal movements.
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half of July. To center the moving averages on the full months, quarters, 
etc., it is necessary to average the computed moving averages in pairs, as 
was explained in Chapter XIV (pages 294 and 295) in the discussion of 
recentering the moving average of an even number of items.

After the moving average has been obtained, the actual items in the 
original data are expressed as percentages of the corresponding moving- 
average items as in the C columns, Exhibit 153, and averages of all the 
January ratios, all the February ratios, etc., are obtained as illustrated in 
column E. As a final step, these averages or typical ratios are adjusted 
proportionally so that they average 100 as in column F . 1

M onth

A
M onthly sales 

(index 
numbers)

B
Moving
average

(recentered)

C
Ratios to mov

ing average 
(per cent)

1926 1927|l928 1926 ' 1927j' 1928 1926 1927 1928

Ja n u a ry .. . . 87 81 85 92 100 100 95 81 85
F eb ru a ry ... 72 74 69 93 101 100 77 73 69M a rc h ........ 85 88 90 94 101 101 90 87 89
A pril............ 106 122 116 95 101 101 112 121 115
M ay ............. 99 97 96 95 102 101 104 95 95
Ju n e ............. 106 115 119 97 102 101 109 113 118
Ju ly .............. 79 83 84 98 101 100 81 82 84
A ugust........ 68 75 72 98 101 99 69 74 73
Septem ber.. 96 100 107 98 101 100 98 99 107
O ctober. . . . 105 103 100 99 101 101 106 10? 99
November. . 102 108 110 100 100 101 102 108 109
December. . 175 166 158 100 100 102 175 166 155

D

Total

261
219
266
348
294
340
247
216
304
307
319
496

E

Average
ratio

(percent)

F
Seasonal 
index 

adjusted 
(per cent)

87
73
89

116
98

113
82
72

101
102
106
165

86.7
72.8
88.7

115.6
97.7

112.6
81.7
71.8 

100.7 
101.6 
105.6 
164.5

E x ? IBIf  15?- C om putation  of seasonal variation  by ratios-to-m oving-average m ethod 
(In order to simplify the  illustration, only three years have been used. Ordinarily a
moving averaee in th r  T UP°n “ ‘T 8*1 period') The da*a in the A  columns and the 
years lg926 to T928 on t f e T h a T  ^  graphiCaUy in Exhibit 157 -  327 (see

A seasonal index computed by the ratios-to-moving-average method 
shows the average difference between the unadjusted data and the moving 
average. Such an index for the data of Exhibit 157 (page 327), for 
instance, would show the average difference between the sales curve 
and the moving average.

The index obtained by the ratios-to-moving-average method ordi
narily does not fluctuate so much as the index based on straight-line 
trends. Mathematical methods of avoiding the effects of the business

For explanation of the ad justm ent to average 100, see discussion of E xhibit 152.
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cycle are not usually needed, for the 1 2 -month moving average follows 
the cyclical course of the actual data quite closely. Therefore, the 
index ratios are often more representative of the data from which they 
are obtained than is the case in the ratios-to-trend method.

The Link-relative Method.—One of the best known methods of 
computing seasonal indexes is the link-relative method . 1 I he process,

M o n t h l y  P ig - i r o n  P r o d u c t io n  i n  t h e  U n i t e d  S t a t e s  
Seasonal Variation by M ethod of Link Relatives

Year
Jan .

%
Feb.

%
M ar.

%
Apr.

%
M ay

%
June

%
July

%
Aug.

%
Sept.

%
Oct.
%

N ov.
%

Dec.
%

Jan.
%

1903 94 114 101 106 98 92 102 99 92 73 81

1904 109 131 120 107 99 84 86 106 116 107 102 109

1905 110 90 121 99 102 91 97 106 103 108 98 102

1906 101 92 113 96 101 94 102 96 102 112 100 102

1907 99 92 109 100 104 97 101 100 97 107 78 67

1908 85 103 114 94 101 94 112 112 104 111 101 110

1909 103 95 107 95 108 103 109 107 106 109 98 103

1910 99 92 109 95 96 95 95 98 98 102 91 93

1911 99 101 122 94 92 95 100 107 103 106 95 102

1912 101 102 114 99 106 97 99 104 98 109 98 106

1913 100 92 107 100 103 93 97 100 99 102 88 89

1914 95 100 124 97 92 92 102 102 94 94 85 100

1915 106 105 123 102 107 105 108 108 103 110 97 105

1916 99 97 108 97 104 96 100 99 100 110 94 96

1917 99

M edians 9 9 .5 96 114 98 102.5 95 100 103 101 107.5 96 102

Chain relatives 100 96 109.4 107.2 109.9 104.4 104.4 107.5 108.6 116.7 112 114.2 113.6

A djusted 100 94 .9 107.1 103.8 105.4 98 .8 97 .6 99 .6 99.6 106.5 100.7 101.8 100

Seasonal index 98.7 93.7 105.7 102.5 104.0 97.5 96.3 98.3 98.3 105.1 99.4 100.5

E x h i b i t  1 5 4 .— C o m p u t a t i o n  o f  s e a s o n a l  v a r i a t i o n  b y  t h e  l i n k - r e l a t i v e  m e t h o d .

however, is somewhat more complex than those just described. 1 he 
computation (assuming monthly data) is as follows:

1. D ivide each January  figure (actual da ta) by th a t  for the preceding December. 
Divide each February  figure by th a t for the preceding January . Divide each March 
figure by  th a t  for the preceding February, and so on throughout the entire series. 
These ratios or percentages are called “ link relatives.” Pla,oe th e  link relatives in 
12 columns, one containing all the  ratios of January  to December, ano ther containing 
all those of February  to January , and so on, as shown in E xhibit 154.

2. The nex t step is to select a typical link-relative item  which will represent each 
m onthly group. The item  selected is usually the median, although an arithm etic 
average is ordinarily more appropriate when the num ber of observations is small. 
Median link relatives are shown in the row designated “ M edians” in E xhibit 154.

3. Each m edian link relative shows the typical relation of each m onth  to the pre
ceding m onth. The next step is to relate the m edian link relatives to a common base,

1 Link relatives m ay be compared w ith percentage relatives in Exhibit 60, p. 119.
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TO p T » ”'  T ^ Z y h’ " “T lh» "” "th ■ » » » - the .tartin, 

starting  point or basis of reference The F eh r 1S assumcd as the

m m m m m rn
E xhibit 154 in the row designated « Chain relatives ” ‘ ^  Sh° Wn “

median ^  m ultil ^ ing the old January
chain relatives in E xhibit 154) usuallvdoes'n  * C° lumn 111 the row of
tive of 100 per cen t' th is is due tn 1 *■ * 6,q the on Klnal January  chain rela- 
is in arithm etic progression^ th e R isore™ ™  ^  ° thCr influRnCeS' lf  th<! trend
discrepancy by 12. (This discrepancy i s " !  e 'p L  ce^ tT n E x h lb it l s l T  ^
is upward, sub trac t *  from February /  from M am l , If tlle trend
H  Of the p ' f r , " : ?in Exhibit l <54 1 j . , . e temoer. (bee row designated “ A djusted”

»  »  approximation 1 - - ^ " M ^  b'
5. T h e  series nf i, ■ , , p rac tica l business purposes.

January . The nex t step is to red 16‘l t 'VCh gu"es each m onth as a  percentage of
m onthly figure L  a  n o rm ll vear T  ,  ^  t0 percentaees of the average
figures for the 12 m onths (in the ' r o w V s ^ n a t e d ^ A , ^  ^

th a t m onth. The final seasonal

attests* p f  h° WgiV+t S reaS0nably ^««factory results, as its popularity 
attests. Piobably the greatest points in its favor are that it is not 
dependent upon the trend calculations, and the influence of the business
ycle is minimized by the use of month-to-month ratios, as there is not
ikely to be marked cyclical change from one month to the next That

is, the use of link relatives places the prosperity relationships on a basis
comparable with the depression relationships. The entire process after
the period has been'selected, is mechanical to a marked degree making 

cumbersome R 8 i T S ' h "  ‘he pr0cess ra“ >" _umbersome. I t  should be appreciated that the chain multiplication

“  r w,: ,fssr uw .'a*» r  r - * r r ~
readily from the above equation The  ̂ i! . 8dnthms 11 +  <*) >s found
a  +  J), the M arch T a i n ™ . ! ,  b W l  t '* * ™  “ “  *
etc until finnllv r> i i * April chain relative by (1 4- d )3

tc., until finally the December chain relative is divided by (1 +  rf)u. '  ’
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makes cumulative errors possible to an extent which cannot be estimated 
or allowed for, because the errors themselves may be inherent in the data 
used.

Changing Seasonal Variation.—As previously implied, the problem 
of gradually changing seasonal distributions is often of considerable 
importance. Within a period long enough to give reliability to seasonal 
measurements, the seasonal movement may have noticeably changed 
(see Exhibit 155). The seasonal variation in gasoline consumption, 
for instance, is relatively less at the present time than it was 20  years

E x h i b i t  155.— I t  can be seen from the above unadjusted  da ta  th a t  the  seasonal variation 
in gasoline has been decreasing relatively over the  period.

ago because of the improvement of roads, which allows relatively more 
winter driving than was formerly possible. In an analysis of very recent 
developments or in a forecast, it is important to have the seasonal index 
up to date. This may make necessary the computation of a changing 
seasonal index, or the computation of a separate set of seasonal percent
ages for each year.

The determining of a changing seasonal index is not so difficult as 
it sounds, for the same link relatives, ratios to trend, etc., may be used 
as the basis for this new type of index. For example, let us suppose 
that the ratios of the actual December sales to the trend points for Decem
ber in a certain department store have steadily risen since 1920, but that 
the similar ratios for the summer months have steadily declined. This
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would indicate that December is becoming seasonally more important 
and summers less so. To measure a possibly changing seasonal index 
we may chart the ratios for each separate month, and determine their 
trend by a free-hand curve, or moving average. These “ trends” would 
then indicate the values of the ratios which were “ typical” for each 
year and the process of adjusting them to an average of 1 0 0  per cent 
could be carried out for each year separately. The actual-to-moving- 
average ratios are probably better suited to this process than are those 
of the ratios-to-trend method because of the disturbing influence of 
the business cycle in the latter. Link relatives may also be successfully 
used to measure shifting seasonal distributions, although the necessary 
separate chain multiplications, trend corrections, etc., are laborious

Use of the Seasonal Indexes.—The seasonal indexes themselves 
once obtained, may be used in an intensive study of the seasonal move^ 
ments Seasonal movements may be examined (1 ) as to their causes, 
(2) as to the likelihood of change, or (3) as to the possibility of changing 
them, perhaps by advertising pressure [e.g., “ Do your Christmas shop
ping early ). Or it may be that the results of the business cycle are being 
studied, in which case it is ordinarily desirable to eliminate the purely 
normal seasonal effects entirely from the data, so that other effects stand 
out m bold relief.

Synthetic use of the seasonal index appears in the adjustment of com
puted trend ordinates to “ normal.” The normal values are computed
rpT mU, 'Plying the trend figures by the proper seasonal percentages, 
i  hus, if the computed trend ordinate for January shows sales of $100 000 
and the seasonal percentage is 1 1 0 , the normally expected January 
would be $110,000. Such a process is an essential part of many fore
casts, as will be explained in succeeding chapters

Eliminating Effects of Seasonal Variation.-As indicated previously 
it is often desirable to study data without the influence of seasonal varia
tion, and in order to do so, it is necessary to eliminate the seasonal effects 
This is done in various ways. Two of the most common methods are-
(1 ) by dividing by the seasonal index; and (2 ) by use of a moving average 
Each of these methods of eliminating the influence of the recurring sea
sonal variation will now be briefly considered.

1 Division by the Seasonal In d e x ,-T in ,  method of eliminating the 
effect of seasonal influences is to divide each actual observed item by its 
corresponding seasonal factor. Thus, in Exhibit 156, the actual data 
shown in column A are divided by the seasonal indexes shown in column 

and the results are the corrected data, as shown in column C. This 
method of eliminating the seasonal variation is simple. Moreover it 
possesses the sometimes desirable characteristic of leaving the trend 
undisturbed. In Exhibit 156, it is easy to see from the last column,
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which shows the corrected data, that the business progressed up until 
May, and that it declined somewhat during the remainder of the year. 
(It will be noted that if the seasonal index is greater than 100 per cent, 
the corrected value is less than the original data, and vice versa.)

2 Correction by Moving Average.—It is possible to eliminate seasonal 
influence from a series by computing a moving average of exactly one 
year’s duration throughout the data. The method is somewhat more 
laborious than the preceding method, but possesses the desirable char
acteristic of being flexible. Since the computation of the moving average 
has been illustrated previously, it need not be repeated again at this 
point (see page 294). It should be noted that the moving average is

M onth

January  
F e b ru a ry ..
M arch ........
A pril..........
M ay ...........
Ju n e ...........
Ju ly ............
A ugust. . . .  
Septem ber.
O ctober----
November.
December.

A

A ctual da ta

B
Seasonal index 

(per cent)

C

Corrected data

$381,000 117.6 $324,000
313,000 94.6 331,000
283,000 84.9 333,000
268,000 79.6 337,000
302,000 86.7 348,000
312,000 91.1 342,000
332,000 96.4 344,000
355,000 104.3 340,000
331,000 99.0 334,000
337,000 102.6 328,000
362,000 112.3 322,000
328,000 130.9 251,000

E x h i b i t  156 , - E l i m i n a t i n g  s e a s o n a l  e f f e c t s  b y  d i v i d i n g  t h r o u g h  b y  a n  i n d e x  o f  s e a s o n a l
v a r i a t i o n .

the corrected data (see Exhibit 157). There are no subtractions, nor 
divisions, as was necessary in the first method for eliminating the effect
of the seasonal variation.

Seasonal Indexes Usually on a Monthly Basis.—A very large pro
portion of the studies involving measurement of seasonal variation are 
on a monthly basis. The month is ordinarily short enough to reflect 
successively the changes that take place in business conditions, without 
concealing the timing of such changes or omitting their minor turns, 
and it is usually long enough to give a representative picture of current 
business. Again, handling monthly data is not too laborious a process, 
and the methods available are well adapted for use on monthly data.

However, there are times when time series should be studied on a 
weekly, biweekly, bimonthly, or quarterly basis; and there are cases 
in which analysis must be based on an average working day, rather than
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on the month as a unit. All of the methods described in this chapter will 
work satisfactorily on most monthly, bimonthly, or quarterly data. 
However, both laboriousness and opportunities for error increase rapidly 
in these methods as the periods studied become shorter.

Seasonal Indexes for Weekly Data.—There is a demand for up-to-the- 
minute analysis in some types of work, and weekly seasonal indexes are 
needed. Weekly periods are so short that unexpected weather condi
tions, a special holiday, or even a regular holiday which does not appear

DATA FROM FED ERA L  R ES ER V E  BANK OF BOSTON

PER
CENT
175

SHOE S A L E S -B O S T O N  DEPARTMENT STORES 
1 9 2 4 -1938

1926-1928 MONTHLY AVERAGE-100

E x h i b i t  1 5 7 .— E l i m i n a t i n g  s e a s o n a l  v a r i a t i o n  b y  u s e  o f  a  1 2 - m o n t h  m o v i n g  a v e r a g e .

the same week each year often requires a current adjustment in the 
seasonal index for the week.

The usual methods will work fairly well on 13 four-week periods, 
covering the year; and it is not difficult to estimate roughly what propor
tion of a given four-week period should fall in each of the weeks. It is 
not inconceivable that months should be subdivided in this way, too, 
when necessary.

Questions and Problem s

1. Name several industries and lines of business th a t are particularly  affected 
by the characteristics of different seasons of the year.

2. In  obtaining a seasonal index, can cyclical and erratic influences be largely 
elim inated? How?

3. How do variations in lengths of m onths affect the determ ination of a m onthly 
seasonal index? How can the influence of trend be eliminated from the seasonal 
index?
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4. Discuss the problem of choosing the proper period from which to obtain the
seasonal index.

5. N am e four m ethods of measuring seasonal variation.
6. S tate th e  procedure in obtaining a seasonal index by the m ethod of m onthly 

to ta ls  or m onthly averages. W hat are two im portan t shortcomings of this m ethod?
7. How is the seasonal index calculated in the m ethod of ratios to trend  ? Dis

cuss the  strong and weak points of this method.
8. W hat is th e  purpose of adjusting com puted seasonal ratios to average 100 per

cent? How is this done?
9. How is the ratios-to-m oving-average seasonal index com puted? How does

this m ethod differ from th a t  of ratios to  trend?  ̂ i ■ .
10. S tate each step in the m ethod of link relatives as used in seasonal-mdex

com putation. . , ,
11. Can changing seasonal variations be m easured and a  changing index be

obtained? How? . . . »
12. How can seasonal indexes be used in analyzing business ac tiv itie s .
13. Describe two methods of eliminating th e  effects of seasonal variation  from

time-series data .
14. Discuss the advisability of using m onthly, weekly, biweekly, or bim onthly

indexes of seasonal change.
15. Sales of the Means Shoe Com pany for the years 1930-1937 were (m thousands

of dollars):

Year 1st quarter 2d quarter 3d quarter 4th quarter Total

1930 46 52 37 66 201

1931 34 38 43 60 175

1932 28 41 42 71 182

1933 41 56 48 73 218

1934 50 58 44 76 228

1935 42 70 71 94 277

1936 54 83 66 98 301

1937 63 80 58 94 295

Com pute th e  seasonal variation:
a. By th e  m ethod of quarterly  (m onthly) totals.
b. By the ratio-to-trend m ethod. (Use yearly  totals to com pute trend  ordinates

by  m ethod of least squares.)
c. By the ratio-to-m oving-average m ethod. (Use a 4-quarter moving average.)
d. By th e  link-relative method.
e. E lim inate the effects of the seasonal influence from the actual da ta  (i.e., correct 

for seasonal influence), using successively each index obtained.
N ote.__Q uarterly indexes ordinarily are no t so desirable as m onthly indexes when

analyzing seasonal influences in business da ta . Q uarterly data  are used in this 
problem, however, so th a t the studen t m ay practice all four m ethods described in the 
chapter, w ithout performing the volume of com putations which would be necessary
if m onthly da ta  were used.

16. From  the m onthly  sales da ta  (in millions of dollars) of Jam ison D epartm ent
Store com pute the index of seasonal varia tio n :

a. By the m ethod of m onthly totals.
b. By the link-relative method.
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Month

Ja n u a ry .

A pril..........
M ay ...........
J u n e ...........
J u ly ............
A ugust. . . .  
Septem ber. 
O c tober.. . .  
November. 
December. .

1933 1934 1935 1936 1937

16 24 26 30 33
17 23 25 29 31
17 27 34 38 40
19 27 36 41 44
24 32 37 47 46
24 29 32 49 48
21 23 30 41 37
27 27 32 42 40
29 32 37 50 46
33 36 46 60 54
34 35 43 51 52
39 44 53 68 63

In p a rt a w hat factor influenced the data  for which no adjustm ent was made?
17. From  the da ta  given in Problem 16, C hapter X III , page 284, compute the 

seasonal variation in the sales of Sears Roebuck and Co. by the link-relative method.
18. From the following data  compute the seasonal variation in the sales of electric 

power for domestic use. Use the method of ratio-to-trend and compute the trend 
by the method of least squares.

S a l e s  o f  E l e c t r i c  P ow der  f o r  D o m e s t i c  S e r v i c e  

(In billions of kilowatt-hours)

M onth

J a n u a ry , .. 
F ebruary . .
M arch ........
A pril..........
M ay ...........
J u n e ...........
J u ly ...........
A ugust. . . .  
Septem ber. 
O c to b e r.. . .  
N ovem ber. 
December. .

1934 1935 1936

1 24 1 .32 1 .47
1 12 1 .21 1 34
1 06 1 .13 1 25
1 03 1 .10 1 22

97 1 06 1 17
97 1 06 1 14
96 1 05 1 16
96 1 07 1 18

1 02 1 14 1 26
1 08 1 19 1 32
1 17 1 29 1 42
1 22 1 37 1 48

A v e r a g e  M o n t h l y  S a l e s  

(In billions of kilowatt-hours)
1930 .92
1931 .98
1932 1.00
1933 1.00
1934 1.07
1935 1.17
1936 1.28

Source: The Edison Electric Institute.

Carry all com putations in billions of kilowatt-hours to two decimal places and in 
percentages to one decimal place.



CHAPTER XVI

TIME SERIES—BUSINESS CYCLES AND ERRATIC MOVEMENTS

In the two preceding chapters the methods have been described foi 
measuring trend and seasonal variation—two of the four general move
ments found in business time series. These two movements are assumed 
to be regular in their characteristics. Together they establish a “ nor
m al” for the series. The other two movements, the cyclical and erratic.
will be discussed in this chapter.

Good and Bad Times or Business Cycles.—Previous illustrations 
have indicated in a general way how business passes from periods of good 
times or prosperity, into periods of bad times or depression, and back 
again. The shaded curve in Exhibit 158 shows this continued recurrence 
of changes from good to bad times and back again in general business 
for the period from 1830 to 1937, inclusive. This constantly recurring 
movement, swinging from a period of prosperity with its optimism, 
speculation, and expansion, down to the trough of depression, with its 
pessimism, low profits, business failures, and unemployment, and back 
again, is commonly referred to as the “ business cycle.” Business cycle 
is simply a convenient term for expressing the recurrence of good and 
bad times. 1

There are four well-defined periods or phases in the business cycle 
namely: (1) prosperity, (2) decline, (3) depression, and (4) improvement 
(Exhibit 159). Each phase changes gradually into the phase which 
follows it, in the order given.

In the prosperity phase of the business cycle the public is optimistic. 
Business is booming, prices are high and profits are easily made. 1 he 
inferior business man believes himself to be a business genius. Money 
is relatively plentiful for commercial transactions, though the speculator 
usually finds it increasingly difficult to raise funds because banks ordi
narily withdraw money from speculative uses to meet the growing 
demands of business men.

This expansion of business eventually leads to an overdevelopment. 
I t  is then difficult to secure deliveries, and there is a shortage of trans
portation facilities, which has a tendency to cause large inventories

1 For references to specialized inform ation on business cycles see “ A Selected 
Bibliography of the L iterature on Economic Fluctuations, 1930-1936,” Review of 
Economic Statistics, Vol. X IX , No. 1, P a rt 2, February 1937.
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to be accumulated during the time of highest prices. Wages increase 
and labor efficiency decreases. The strong demand for money causes 
interest rates to rise to a high level, while doubt enters the banker’s 
mind as to the advisability of granting further loans. This situation 
causes business men to make price concessions in order to secure the 
necessary cash. Then follows the expectation of further reductions 
and the situation becomes worse instead of better. Buyers wait for

lower prices, and orders booked at high 
prices are canceled. Inventories become 
frozen and loans cannot be paid. Interest 
rates continue to increase. Prices drop, 
and business experiences a decline. If we 

d e p r e s s io n  have a very severe financial strain and an
E x h i b i t  15 9 .— P e r io d s  o r  p h a se s  in  u n u s u a H y  drastic liquidation of securities

and commodities, we experience a panic.
The decline is followed by pessimism in trade and industry; factories 

close, businesses fail, there is widespread unemployment, while wages 
and prices are low. This characterizes the period of depression. It 
the decline in business is only slight, the situation is ordinarily referred 
to as a recession instead of a depression.

After a period of rigid economy, liquidation, and reorganization, 
money accumulates and seeks a use. Then follows a period of increasing 
business activity with rising prices, or a period of improvement or recovery.

The improvement period gradually develops into the prosperity 
period, and we have completed a business cycle. The movements dis
cussed above are constantly repeated in the order given as the cycle 
completes its swing every few years.

I t is important at the outset that the student of business cycles appre
ciate the cumulative character of decline and recovery—that is, unem
ployment leads to reduced consumption, reduced consumption to 
increased unemployment, etc., and vice versa. I t is because of this charac
teristic of cyclical movements that efforts to stabilize business, even 
though relatively small volumes are brought under control, may be more 
effective than is now generally realized.

The “General Business” Cycle.—This discussion of cyclical charac
teristics and tendencies is based on a study of “ general business” cycles 
as distinguished from cycles of certain types of business activities. 
“ General business” may be said to refer to an average of business as a 
whole. Cycles of individual industries may vary considerably from the 
average in both length and amplitude, and this should be taken into 
consideration when analyzing a particular business or line of business.

Major and Minor Cycles; Length of Business Cycles.—For many 
purposes, the fluctuations in general business activity should be con

sidered from the point of view of major and minor cycles. Part of our 
business activity is characterized by great swings of from 15 to 20  years 
in length, while part of it is characterized by short swings of only a few 
years in length. The net effect of this condition is that we have an 
unusually prosperous period and an unusually severe depression about 
once every business generation.

The shaded curve in Exhibit 158 shows the minor cycles swinging 
from prosperity to depression and back again every few years. An 
index of building cycles is also shown on the chart, and this index may 
be taken as indicative of the major cyclical movements in business 
activity. When like movements in major and minor cycles coincide, we 
have an extreme situation, whether it be prosperity or depression. The 
severity of the depression during the years from 1930 to 1935 and in 1937 
and 1938, as well as the weakness of the prosperity of 1936 and early 
1937, may be said to be due to the fact that these minor cycles occurred 
during a general depression period in the major cycle.

Major cycles have varied in length, from one depression to another, 
during the past 100 years about as follows (in years): 13, 21, 14, 22, 18, 
and 17 (see Exhibit 158). The shaded curve in Exhibit 158 indicates 
that, in the case of minor cycles, it is, as a rule, from three to four years 
from one depression to another.

Causes of cyclical movements will be discussed from time to time, 
but at this point the student should appreciate that, whatever they are, 
the causes favorable to business and the causes unfavorable to business 
accumulate in such a way that they cause the recurring fluctuations 
described above.

Psychology of the Business Cycle.—A depression is often said to 
be caused by a “ loss of business confidence” which has followed a boom 
period of “ overconfidence.” I t cannot be denied that popular psychol
ogy has a lot to do with business cycles. Undue optimism attends a 
boom and undue pessimism prolongs a depression. But what causes 
the recurring optimism and pessimism? W hat is back of men’s opinions 
regarding the economic situation?

In a period of depression, pessimism prevails and the tendency is to 
underexpand. The crowd is Very cautious, prices are low, and transac
tions are few. In a period of prosperity, the tendency is to overexpand; 
prices are high and transactions are many. There are, however, always 
a few far-sighted business men who understand the psychology of the 
crowd, and who are able to make their decisions unbiased by its 
influence.

When prices are rising and business is increasing, the crowd is opti
mistic and believes that prosperity is ahead, even after business has 
become greatly inflated. When prices are falling and business declines,
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the crowd is pessimistic long after the bottom has been reached. The 
crowd, therefore, is always wrong in judging its position in the business 
cycle.

The fact that the crowd is always wrong in judging its position in 
the business cycle has much to do with the fact that there is a business 
cycle. Why is the crowd always wrong? Why are only a few men right? 
It is not chance that determines who is right and who is wrong. The 
principal reason that the crowd is wrong is that it is misinformed, which 
causes grave errors to be made regarding present and future production 
and markets. Lack of information and wrong information are the chief 
difficulties. With the proper information, however, the individual 
executive must be able and willing to make the right application in his 
own particular business.

Control of the Business Cycle.—One of the most noteworthy of 
modern economic objectives is the partial control of business cycles 
by manipulating the causes—that is, by offsetting unfavorable tendencies 
in one direction with compensating movements in the other. During 
recent years, interest in economic and business planning on a broad scale 
has rapidly increased with the many efforts of individual business men, 
trade associations, Federal and state governments, civic organizations, 
and others to at least reduce the fluctuations of the cycle of business as a 
whole with the general objective, in turn, of reducing especially the 
unemployment and failures in business during periods of depression.

The severity of the depressions of the 1930’s emphasizes that such 
control is becoming more and more important. The higher proportion 
of our annual expenditures now spent for luxury and semiluxury goods, as 
compared with former periods, increases the sensitiveness of our economic 
structure. I t  has not been possible, however, for national business 
planning to advance much beyond the theoretical stage, and one of the 
greatest impediments to its progress is the lack of adequate statistical 
information. To make the necessary statistical analyses requires data 
extending over considerable periods of time, and the increasing activity 
of business concerns, trade associations, trade papers, Federal and 
state governments, and other organizations, in compiling and distributing 
statistical information will make possible some much needed analyses 
and indicate the nature and extent of the needs for further data. And 
then, if control is to be effective, business men and others must take action 
in accordance with the indications of the data, accelerating production, 
for instance, when stocks are declining and unfilled orders are increasing, 
and holding back production when the data indicate that production is 
getting too far ahead of the market.

In connection with the above statement, it should be emphasized 
that the problem of control or stabilization is not merely tha t of accelerat
ing certain lines of business during a period of depression. The chief
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problem is, in fact, that of retarding activity at certain times in order to 
prevent overproduction and inflation. When conditions are allowed to 
develop in such a way that a “ house cleaning” becomes necessary and 
inevitable, the acceleration of public expenditures may only “ prolong the 
agony.” There are, of course, many factors which are difficult, if not 
impossible, to control, and these vary in number and importance from 
one period to another. I t  is obvious, however, that regulation of the 
factors that can be controlled will be very effective in reducing the ampli
tude of the waves in business conditions.

Erratic Movements.—It is necessary to differentiate between the 
business cycle and movements which are variously termed “ erratic,” 
“ random,” or “ accidental.” Random movements are those changes in 
business activity caused by such events as wars, strikes, floods, earth
quakes, and the like. Thus, increased activity was noted in the lumber 
industry immediately after the Japanese earthquake in 1923. Other 
examples are the unprecedented drought of 1930, the uncertainties 
caused in the same year by new uprisings in China, revolutionary dis
turbances in India, and the overthrow of several South American govern
ments, and the more recent difficulties in Germany, Italy, and Spain. 
Erratic movements are very irregular, and they are not recurring by 
nature.

Quantitatively, it is very difficult to disassociate the erratic move
ments and the business cycle as pointed out previously. The reasons 
for recognizing the erratic movements are: first, to suggest that on 
occasion it may be possible to explain certain movements in the data 
as due to specific causes, and thus to simplify further analysis; and 
second, to emphasize the fact that predictions of economic conditions 
are always subject to a degree of error owing to the unpredictable erratic 
influences which may enter. Early in 1930, for instance, analysts 
who were forecasting conditions for the year did not predict as severe 
a depression for the later months of the year and for the year 1931 as 
actually occurred, due (in part at least) to the fact that the unusual 
drought and the difficulties in China, India, and South America, men
tioned above, and other difficulties abroad could not be foreseen.

Business Cycle Measurements.—Nearly every published curve 
or series which is supposed to measure the business cycle is really a 
combination of cyclical and erratic movements. This is usually unavoid
able. The curves are generally used as measures of the deviation of 
business from normal levels, and therefore must show both movements. 
Labeling such indexes “ business cycles” is perhaps unfortunate, as their 
movements are not exclusively cyclical; they are a mixture of both cyclical 
and erratic tendencies. 1

1 If adverse erratic movem ents occur a t  a tim e when business activ ity  is on the 
decline or a t a low level, fu rther declines and a general loss of confidence are likely to
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Separate measurement of cyclical and erratic fluctuations is seldom 
attempted. There is no definite line of demarcation between cyclical 
and erratic movements, and there are no adequate methods of separating 
them. To obtain a better idea of the major movements, a moving 
average is frequently used to “ scatter” unusual peaks or valleys. How
ever, this does not eliminate the erratic movements.

Business Cycles Measured from “Normal.”—Business cycles (includ
ing erratic movements) are commonly measured in relation to “ normal.” 
Normal, as has been explained previously, is the basic trend with the 
corresponding seasonal variation. Though the term normal is some
times applied to the basic trend alone, what the business man ordinarily 
has in mind when he speaks of normal is not only the position of the long
time growth (or change), but also the condition due to seasonal factors. 
Normal, therefore, is the basic trend combined with the usual seasonal 
variation. I t  is the course that business would have taken had the only 
influences been those that caused long-time growth and seasonal changes. 
The deviations from normal are business cycles and erratic movements. 
In measuring cyclical and erratic movements, therefore, it is practical 
and convenient to state them in percentages of, or in deviations from, 
normal. In Exhibit 160, the upper graph shows the normal for Los 
Angeles building permits. In the lower graph, each month is stated as a 
percentage of the corresponding point on the normal curve. The lower 
graph, therefore, shows the cycles of Los Angeles building permits 
(including erratic movements). This procedure of stating cycles in 
terms of normal is ordinarily referred to as “ eliminating trend and 
seasonal variation.’'

Computing Deviations from Normal.—Let us assume that in a 
particular month a certain railroad loaded 9,900 cars of freight. Analysis 
of the records showed that the proper trend item for that month was
10 ,0 0 0  cars, and that the seasonal index was 90 per cent. Obviously, 
a normal month would have meant the loading of 9,000 cars (90 per cent 
of 10,000). The actual figure of 9,900 cars is 10 per cent above normal; 
cyclical and erratic factors having accounted for the extra 900 cars. 
Similar analysis may be made for each month in the entire series.

Another illustration is shown in Exhibit 161. The columns headed 
“ Trend” and “ Seasonal index” include trend and seasonal items com
puted from data covering a period of several years. For purposes of 
illustration, data for two years only are shown. Normal figures for

follow. Then i t  is particularly  difficult to  distinguish th e  extent to  which the low 
levels are due to  the business cycle and the extent to  which erratic m ovem ents have 
influenced business activity . Although the depression of the early 1930’s was a stage 
of the business cycle, it is probable th a t th e  exten t and depth of th is depression was 
caused in p a rt by adverse erratic occurrences.
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each month are obtained by multiplying the proper seasonal and trend 1 

factors together; m the example each monthly item in column B  is 
multiplied by the corresponding value in column C and the resulting nor
mal values are shown in column D. The actual data are then expressed 
as percentages of normal, as shown in column E. The percentage

E x h i b i t  1 6 0 . - “  N o r m a l”  w ith  a c tu a l  d a t a  (u p p e r  g r a p h ) ; a n d  " b u s in e s s  c y c le s ”  e x p re sse d  
in  r e la t io n  to  n o rm a l (lo w er g ra p h ) .

d e v ia t io n s  o f th e  a c tu a l  d a t a  a b o v e  or  b e lo w  n o r m a l a re  s h o w n  in  c o lu m n
E, which is the final measure of the cyclical and erratic movements 
m the series.

Precisely the same result as was obtained above might be secured by 
successively dividing out trend and seasonal variation from the observed 
v a lu e s - A  th ir d  P ro c ess , which is somewhat of a short cut, is to reduce

1 W here the method of m onthly (quarterly) to ta ls  or m onthly (quarterly) averages 
s used m  obtaining the index of seasonal variation, each seasonal-index item  should 

be m ultiplied by the average m onthly (quarterly) trend  ordinate of the year instead 
of by each m onthly (quarterly) ordinate of trend, because the average m onth (quar
ter) of- the year is the basis of reference in computing the index.
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the actual items to percentages of the trend, and _ then subtract the 
seasonal percentages to obtain percentage deviations lrom normal.

Year
and

m onth

A
Actual 

data  
(thousands 
of dollars)

B

Trend
(thousands 
of dollars)

1936
Ja n u a ry .. 
February 
M arch ...

A pril........
M ay ........
Ju n e ........

Ju ly .............
A ugust.......
September

O ctober... 
November 
December.

1937 
Ja n u a ry ... 
February . 
M arch .. . .

A pril. 
M ay. 
June.

Ju ly .............
A ugust.......
Septem ber

O c tober... . 
November . 
D ecem ber.. .

38
41
46

50
45
42

41
39
47

49
46
47

42
44 
51

32
51
48

43
45
52

56
56
62

37
38
39

40
41
42

43
44
45

46
47
48

49
50
51

52
53
54

55
56
57

58
59
60

Seasonal 
index 

(per cent)

D

Normal 
(thousands 
of dollars)

95 
97

101

102
101
99

96 
95

102

103
103
106

95
97 

101

102
101

99

96 
95

102

103
103
106

35.2 
36.9
39.4

40.8
41.4
41.6

41.3
41.8
45.9

47.4
48.4
50.9

46.6
48.5
51.5

53.0
53.5
53.5

52.8
53.2
58.1

59.7
60.8
63.6

E
Actual 
d a ta  as 

percentages 
of normal

F
Percentage
deviations

from
norm al

108.0
111.1
116.8

122.5
108.7
101.0

99.3
93.3

102.4

103.4
95.0
92.3

90.1
90.7
99.0

98.1
95.3
89.7

81.4 
84.6
89.5

93.8
92.1
97.5

+ 8.0 
+11.1 
+  16.8

+ 2 2 .5  
+  8 .7  
+ 1.0

+

+

.7
6 .7
2 .4

3 .4  
5 .0
7 .7

-  9 .9
-  9 .3
-  1. 0

-  1 .9
-  4 .7  
- 1 0 .3

- 1 8 .6
- 1 5 .4
- 1 0 .5

-  6. 2
-  7 .9
-  2 .5

E x h i b i t  1 6 1 — D e te r m in a t io n  of c y lic a l f lu c tu a t io n s  o f (o r e l im in a t io n  of t r e n d  a n d  s e a 
s o n a l  v a r ia t io n  fro m ) m o n th ly  sa le s  of S m ith  & C o m p a n y . (Data hypothetrcal.)

This process is not sufficiently accurate, however, unless the seasonal
items are all very close to 100  per cent.

The effects of cyclical and erratic fluctuations can be measured either 
in absolute quantities or as percentages of normal. The latter device
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is the one usually adopted, for two reasons: First, it gives a measure of 
the intensity of the cyclical and erratic influences which is comparable 
to those of the same series a t other times, irrespective of whether the 
amount of business has grown or declined. Second, there are reasons 
for believing that cyclical and erratic influences of equal intensity 
tend to add or subtract similar percentages of the normal business. 
For example, assume a case of department store sales for November 
and December, where the November normal may be $100,000 and that 
for December $150,000. If the prevailing cyclical tendency is toward 
prosperity, and both months are above normal, December will tend 
to gain $150 for every $100 gained by November. In other words, 
similar cyclical influences tend to increase the volume by the same 
percentage, rather than by the same amount. I t  is, therefore, ordinarily 
desirable to follow the practice of measuring cyclical and erratic move
ments as percentages of normal.

Comparing Cyclical Relationships between Different Series.—In the 
preceding discussion, the cyclical and erratic movements were stated 
in terms of percentage deviations from normal. In analyzing cycle 
relationships between different series, it is advantageous to chart both 
series on a comparable basis, in order to observe the degree of similarity 
in their movements.

Some series are more sensitive to economic conditions than are 
others. Stores handling luxuries show higher extremes of prosperity 
and depression than grocery stores, which deal largely in necessaries. 
I t  would be quite difficult to compare the cyclical fluctuations in two 
series closely when one fluctuates 50 per cent and the other 10. To 
compare such series, it is necessary to reduce their fluctuations to about 
the same average amplitude. This can be done by reducing the percent
age deviations of each series to terms of the average deviation or the 
standard deviation . 1

The reduction of series to terms of its average deviation or the more 
commonly used standard deviation is a simple process. To convert 
percentage deviations to terms of their average deviation or standard 
deviation, divide each of the percentage deviations by the corresponding 
average deviation or standard deviation, as in Exhibit 162.

The difficulty of accurately comparing curves of widely varying 
percentage deviations when studying business cycles is illustrated in 
Part A, Exhibit 163, which shows two series in terms of their percentage

1 When da ta  are in term s of percentage deviations, A. D. is obtained by taking an 
arithm etic average of the percentage deviations from norm al, irrespective of plus or 
minus signs. S. D. is obtained by  squaring each percentage deviation, averaging the 
squares, and taking the square root of th a t  average (see pp. 217-221, particularly  
the second footnote p. 219).
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Year and  quarter
Percentage 
deviation 

from “ norm al”

Percentage deviation 
divided by 

average deviation 
(A.D. =  8.4)

Percentage deviation 
divided by 

s tandard  deviation 
(S.D. =  8.7)

1937
F irst ......................... +  8 +  .95 +  .92
Second..................... +  12 +  1.43 +  1.38
T h ird ........................ +  10 + 1 .1 9 +  1.15
F o u rth ...................... +  5 +  .60 +  .57

1938
F irst ......................... -  5 -  .60 -  .57
Second..................... -  7 -  .84 -  .80
T h ird ....................... - 1 0 - 1 .1 9 - 1 .1 5
F o u rth ................... - 1 0 - 1 .1 9 - 1 .1 5

E x h i b i t  162.— Stating  a series in term s of its A.D. and S.D.

COMPARISON OF THE SA LE S OF THE MAIN ST R E E T  
FURNITURE COMPANY WITH GENERAL BUSINESS 

CONDITIONS, 1932 -1 9 3 8

A - D A T A  IN TERM S OF PERCEN TAG E B .-D A T A  IN TE R M S OF STANDARD
DEVIATIONS FROM NORMAL DEVIATIONS FROM NORMAL

PER  STANDARD 
CENT DEVIATIONS 
+ 16,---------- ----- ----Ki--- n ----------  + 2

NOR-
MAL

NOR
MAL

1932 1933 1934 1935 1936 1937 1938
- 2

1932 1933 1934 1935 1936 1937 1938

E x h i b i t  163.—Series expressed in term s of percentage deviations (A) and standard  devia
tions (B). {Data adapted.)
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deviations. Part B, Exhibit 163, illustrates how much easier it is to 
compare cycles when they are expressed in terms of their standard 
deviations.

Correcting Time Series for Trend and Seasonal Variation in Correla
tion Analysis.— Inspection of Part A, Exhibit 164, shows that there is 
probably some relation between sales of the Williams Department Store 
and bank debits, but it is not clear. To make it easier to judge the degree 
of correlation between the cyclical movements of the two series, several 
adjustments or corrections are necessary. First of all, one of the series— 
Williams Department Store sales—has a decidedly upward trend over 
the 1 1 -year period, while the other curve—bank debits—does not have 
such a marked trend. Accordingly, the trend should be removed from 
both series. The correction for trend has been made in Part B, Exhibit 
164.

After the removal of the trend from both curves the degree of cyclical 
correlation is still not clear. Further corrections must be made before 
the cyclical movements can be properly correlated. Study of the two 
curves will indicate that there is a decided seasonal variation in Williams 
Department Store sales and some seasonal variation in bank debits. If 
these seasonal variations are alike, the degree of cyclical correlation is 
likely to be overestimated in curves from which the seasonal variation has 
not been removed. If the seasonal variations are greatly different, it is 
easy to conclude, when studying curves from which the seasonal variation 
has not been removed, that there is no correlation present when there 
may be a considerable degree of correlation in the cyclical movements. 
Part C, Exhibit 164, shows the two curves after the seasonal variation 
has been removed.

Removal of the seasonal variation results in a clearer representation 
of the relation between the two curves. One more adjustment is neces
sary, however, before making a final estimate of the degree of correlation 
between the cyclical movements of the two series. The amplitude of 
fluctuation in bank debits is much less than the amplitude of fluctuation 
in department store sales (see Part C, Exhibit 164). The two series 
should be adjusted in such a manner that their fluctuations are about 
equal in amplitude. 1 In Part D, this has been done by reducing the 
data to terms of their standard deviations.

The degree to which two curves, when the corrections above noted 
have been allowed for, coincide with each other and tend to move in

1 The scales of two historical curves m ay be so ad justed  th a t their fluctuations will 
appear equal by using the m ethod described in  connection w ith constructing a scatter 
diagram. Any basis which is satisfactory for one type  of chart is also satisfactory 
ior the other. The range, in terquartile  deviation, average deviation, or standard  
deviation are proper, w ith th e  degree of scientific exactitude increasing for the different 
methods in the order named.
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the same (or the opposite) directions a t the same time and to the same 
extent, determines the degree of association between their cyclical move
ments. If one of the curves practically coincides with the other there

SALES OF WILLIAMS DEPARTMENT STORE COMPARED WITH 
BANK DEBITS 1920-1930

(HYPOTHETICAL DATA)

D O L LA R S  „ 
(000 OMITTED) PART A-UNADJUSTED DATA

6.000

2.000

PART B.- TREND ELIMINATED

STANDARD
DEVIATIONS

+ 3

PART C-TREND AND SEASONAL VARIATION ELIMINATED

PART D.-CYCLES EXPRESSED IN STANDARD DEVIATIONS

1927 1926 1929 1930

E x h ib it  164.— Adjusting tim e series in  correlation analysis of cyclical variations.

would be a high degree of direct correlation; if the curves appear to be 
unrelated in their movements, there is a low degree of correlation or none 
at all.
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Forecasting in Terms of Standard Deviations from Normal.— In
estimating luture conditions it is often useful to determine a mathe
matical lorecast in terms of the standard deviation (or average deviation) 
from normal. For example, if a change of one standard deviation is 
expected in one series, say building permits, the change in a firm’s sales 
that are dependent upon building activity may also be anticipated as one 
standard deviation. This does not necessarily mean that there will be 
the same percentage deviation of change in both series. As pointed out 
previously, the standard deviation for one series may be 5  per cent, 
while in the other series it may be 10  per cent. Yet the two series 
may fluctuate together when a change of one standard deviation in the 
former (5 per cent) is accompanied by a change of one standard devia
tion ( 1 0  per cent, in this case) in the latter. Thus, the similarity in the 
fluctuations of the two series can best be seen when they are reduced to 
terms of their own standard deviations, for, in this example, a change of 5 

per cent in the one series is relatively just as important as a change of 10  
per cent in the other.

After determining the existence of a relationship between two series 
such as that suggested above, it is often possible to measure the changes 
taking place in one series in terms of its standard deviation, and then 
forecast the changes in the other series. Thus, if a decrease in building 
permits to 7 | per cent below normal occurs, this will be stated as 1 . 5  

standard deviations, if 1 standard deviation is 5 per cent. If it has been 
found that the business of the individual company in the following 
period will follow the change in permits and fall off in a similar degree of 
1.5 standard deviations, then a change to 15 per cent below normal may 
be expected in the latter series (assuming that 10  per cent is a standard 
deviation for this latter series).

In the following chapter (Chapter XVII), other examples of related 
business data that are useful in business forecasting will be given, and 
the use of these relationships in forecasting work will be further explained.

Significance of Irregular Residuals.—Not infrequently the deviations 
from normal in a series will be very irregular, fluctuating violently from 
month to month, yet maintaining noticeable general cyclical swings. In 
such cases, it is often desirable to smooth out the irregularities by means 
of a centered three- or five-month moving average, or a repeated two- 
month or a repeated four-month moving average. The shorter the period 
of a satisfactory moving average, the greater its current significance will 
be, and it is sometimes desirable to give extra weight to the middle item 
of such a moving average. As a smoothing device the repeated two- 
month or repeated four-month (centered) moving average is very 
effective. This can be appreciated by referring to Exhibit 165, in which 
a four-year repeated moving average (that is, a four-year moving average
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of a four-year moving average) was used to indicate the tendencies of 
the long swings in building activity . 1

Irregular cyclical residuals are characteristic of some series, where 
the data are themselves of a fluctuating nature. This is especially likely 
to exist when the series is composed of the data of a small community or a 
small business. In data which are wide in scope, to which many busi
nesses or many communities contribute, minor irregularities tend to be 
averaged out. However, an irregular series of deviations from normal 
may indicate inadequate or inaccurate statistical work, particularly in 
computing the seasonal index. The use of an ordinary seasonal index on

E x h i b i t  165.— Elim inating violent fluctuations by m eans of a  repeated four-item  moving 
average (centered) for the purpose of indicating more clearly the m ajor movements.

NEW ENGLAND CITIES 
BUILDING CYCLES, 1 8 7 5 -1 9 3 5

CYCLES IN PERCENTAGE DEVIATIONS FROM NORMAL TREND 
W ITH SMOOTHED CURVE OF BA SIC  TEN D EN C IES

a series whose seasonal distribution is changing would cause very notice
able irregularities in the cyclical curve.

Analysis of the data by periods of single days, weeks, or even months 
in some cases, may cause uneven cyclical-erratic residuals, because of the 
shortness of the period. In most studies of the general business cycle, a 
month is long enough to be truly representative; but in exceptional 
instances weekly and even daily observations must be made. In studying 
long swings like those of the building cycle (see Exhibits 158 and 165) 
a year is not too long a unit.

1 While the illustration in E xhibit 165 presents deviations from norm al, i t  will be 
appreciated th a t the moving average will have the same smoothing effect upon 
actual data.

Construction of Composite Business Curves.—In order to secure 
representativeness, most of the best known indexes of general business 
conditions are made up of more than one series of data. The usual proc
ess in constructing these composite curves is to analyze separately each 
series used in making the curves, obtaining the “ cyclical” residuals in 
terms of percentage deviations from normal. These are then converted 
to terms of their respective standard deviations from normal1 to provide 
a sort of “ common denominator” for the different series, and the devia-
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A C o m p o s it e  B u s i n e s s  C u r v e  B a s e d  o k  B a n k  D e b i t s  a n d  C a b  L o a d in g s  f o r

B l a n k  C it y

Series in percentage 
deviations from 

“ norm al”

Series in  units of 
standard  deviations Composite curve 

in un its  of
Y ear and  quarter

Bank
debits

Car
loadings

Bank 
debits 

S. D.
= 4.1%*

Car 
loadings 

S. D.
=  5.9%*

standard  
deviations 

from “ norm al”

1935
F irs t........................ - 5 . 2 - 8 .1 - 1 .2 7 - 1 .3 7 - 1 32
Second.................... - 4 . 7 - 5 . 7 - 1 .1 5 -  .97 - 1 06
T h ird ...................... - 3 . 2 - 2 . 2 -  .78 -  .37 _ 58

- 0 . 8 +  1.0 -  .20 +  .17 _ 01
1936

+  1.6 + 2 .2 +  .39 +  .37 + 38
Second................... + 4 .2 + 5 .1 +  1.02 +  .86 + 94
T h ird ...................... + 6 .1 + 7 .8 +  1.49 + 1 .3 2 +  1 40
F o u rth .................... + 3 .4 + 6 .3 +  .83 + 1 .0 7 + 95

* S. D . for each series is based upon a longer period th a n  th a t  shown in th e  table.
E x h i b i t  1 6 6 .— Com putation of a composite curve.

tions may then be averaged or weighted and averaged readily, month by 
month, week by week, etc.

The example of Exhibit 166 will help to clarify the process. In this 
case we are attempting to get an accurate measure of business conditions 
by averaging the deviations from normal (1 ) of bank debits and (2 ) of 
railway car loadings. The two years’ data shown in the table are taken 
from an analysis covering a period of nine years, and the standard devia
tions shown have also been computed over a nine-year period. A glance 
at the two series of percentage deviations shows that their fluctuations 
are very similar as to direction and time, but that the car-loading series 
fluctuates to a somewhat greater extent. If the percentage series were

1 Or average deviations when desirable. See footnote on p. 219 relative to the 
term  “standard error of estim ate.”
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averaged directly, the car-loading series would have a greater influence on 
the composite curve than would bank debits. Although it may some
times be desirable to give extra weight to one series or another, such 
weighting should be done only after careful consideration.

Computation of a Business Index.—For the purpose of reviewing the 
entire process of computing and eliminating trend and seasonal variation 
in analyses of cyclical movements, the computation of a simple index of 
business conditions for the United States, based upon automobile 
production and steel ingot production, will now be described and illus
trated. The computation will be illustrated for the automobile produc
tion series only, and the combination of the two series will be illustrated 
graphically in Exhibit 172.

The first step was to determine the basic trend. This was done by 
fitting a straight line by the method of least squares to the annual aver
ages of the monthly items, as illustrated in Exhibits 167 and 168, on 
pages 349 and 350. Exhibit 167 shows the computation for an odd 
number of years, while Exhibit 168 shows the computation for an even 
number of years. The increment computed in Exhibit 168 was used in 
computing the index in Exhibit 171. In Exhibit 168, the annual averages 
of the monthly items were listed chronologically in column Y. The 
mid-point of the series in units of one year was found to be the last 
half of 1927 and the first half of 1928, and the distance from the mid
point, in units of one year, was recorded as shown in column x. Then 
these items were squared as shown in column x 2. Next the products 
of the x items and the Y  items were listed in the x Y  column and their 
algebraic sum was found. The sum of the x Y  column was then divided 
by the sum of the x 2 column, and the quotient (7,084.95) is the annual 
increment, as shown at the bottom of the table. As the algebraic sum 
is positive, the slope of the trend is upward. The monthly increment is 
one-twelfth of the annual increment, 1 or 590.41, as shown. The mid
point value was found simply by determining the arithmetic average of 
column Y  as shown at the bottom of the table.

As shown in the table, the last half of 1927 and the first half of 1928 
represent the mid-point year. The mid-point month obviously lies at 
the middle of this year, which is between December and January. In 
other words, the middle month of the year is from December 16 to 
January 15, if the number of years is even, as is the case in Exhibit 168.

1 This is the annual increment from the monthly average of one year to the monthly 
average of the next, and it should not be confused with the annual increment of the 
total yearly figures. If the annual totals are used instead of the annual averages of the 
monthly items, the annual increment will have to be divided by 144 instead of 12 to 
obtain the monthly increment. In the illustrations throughout this discussion the 
averages were used.
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Therefore, it is necessary to adjust the mid-point values so tha t they 
will be representative of the full months of December and January. 
This was done as follows: From the mid-point of the series, one-half a 
monthly increment was subtracted to find the ordinate for December, and 
one-half an increment was added to find the ordinate for January. Then, 
starting with December (or January), the monthly increment was sub
tracted successively to get the ordinates for the previous months, and was 
added successively to get the trend ordinates for the following months. 
This arithmetic straight-line trend is illustrated graphically in Exhibit 
133, page 287.

If the number of years used in determining the trend had been odd, 
the computation would have been made as illustrated in Exhibit 167. 
The principal differences between computing a trend for an even number 
of years and for an odd number of years appear in column x and in the 
computation of the mid-point. In this illustration (Exhibit 167) the 
mid-month is from June 16 to July 15, instead of December 16 to January 
15, as was the case in Exhibit 168.1

If it has been desirable to use a compound-interest curve, the trend 
would have been determined as illustrated in Exhibit 169. In this 
exhibit, the logarithms were substituted for the data and the computa
tions were carried through in the same manner as described in connection 
with Exhibit 168. Then, after the trend was stated in terms of loga
rithms, the data were converted back to natural numbers. This is 
illustrated for June in the last two columns of Exhibit 169.2

The next major step was the determination of the seasonal variation. 
In this case, two different seasonal indexes were computed for the auto
mobile production series—one based on the period from January 1918 
to December 1934, inclusive, and one based on the period from March 
1935 to March 1938, inclusive. The two indexes are necessary because 
of the abrupt change that took place in the seasonal variation in 1935. 
Both indexes were computed by the method of link relatives. The 
percentage that each month is of the preceding month is shown in the 
upper part of the table of Exhibit 170, page 352. These link relatives 
were arranged so that all of the Januarys are in one column, all of the 
Februarys in another, and so on. Then, to determine the 1918-1934

1 It is interesting to note that the annual increment determined in Exhibit 167 is 
5,313.92, whereas in Exhibit 168, the annual increment is 7,084.95. Likewise, the 
monthly increment is 442.83 in Exhibit 167 and is 590.41 in Exhibit 168. This illus
trates the possible effect of the addition of data for one year (1918 in this case) upon the 
slope of the trend line, and emphasizes the necessity for exercising careful judgment in 
determining basic trends.

2 It will be noted that a compound-interest trend, which is a straight line on a 
semi-logarithmic chart, has as its mid-point a geometric mean rat her than an arithmetic 
mean.
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index, the median link relatives were found and recorded in the row 
designated “ Medians.” These median link relatives show the average 
relation of each month to the preceding month. In order to show the 
relation of each month to the January median link relative, the ratios 
were converted to chain relatives, as shown in the row designated “ Cham 
relatives.” I t  will be remembered that the process of converting the 
link relatives to chain relatives is to take January as 100 and then 
multiply each median link relative by the chain relative determined lor 
each preceding month. That is, the chain relative for January is 100, 
and for February is, of course, the same as the median link relative. 
Then, in Exhibit 170 (first index), the March chain relative is the product 
of the February chain relative multiplied by the March link relative, 
or 118 times 126, which is 148.7, and so on.

In computing the first index in Exhibit 170, it was found that the chain 
relative at the end of the year was 4.0 per cent too high, because of trend, 
etc. That is, when the new January was determined by multiplying the 
December chain relative by the old January link relative (89.7 X 116), 
the result was 104.0 instead of 100. This discrepancy was corrected 
according to the method previously explained—that is, by deducting 
from February 1/12 of the discrepancy; from March 2/12; and, finally, 
from December 11/12, so that the adjusted indexes appear as in the row 
designated “ adjusted,” and the new January is 100, which is the same 
as the first January. The adjusted chain relatives give each month as a 
percentage of January. To reduce these values to percentages of the 
average monthly figure in a normal year, the 1 2  items were averaged , 1 

and each item was then divided by this average, which gave the final 
index of seasonal variation, as expressed in the upper one of the two rows 
designated “ Seasonal index” (Exhibit 170).

The same procedure was used in determining the March 1935-March 
1938 index, except that arithmetic averages were used instead of medians 
because of the shortness of the period (see Exhibit 170).

The third major step was to eliminate the trend and seasonal variation, 
or, in other words, to express the series as a comparison with normal. 
This was done as illustrated in Exhibit 171, page 353, which presents the 
computation in detail for the first two years and the last two years of 
the 1918-1937 period. First, the actual data were listed as shown in 
column A. Then, the monthly trend items were recorded in column B, 
and the seasonal indexes presented in Exhibit 170 were listed in column 
C. Normal was then computed, by multiplying the items in column B 
by the items in column C, and entered in column D. The percentage

1 The “ new Ja n u a ry ” 100 as shown in E xhibit 170 (see last figure in  the row desig
nated “ A djusted” ) is, of course, no t included in the average.
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B a s ic  T r e n d — A r i t h m e t i c  S t r a i g h t - l i n e  T r e n d  b y  M e t h o d  o p  L e a s t  S q u a r e s

(Odd num ber of years)
Automobile Production in the U nited States

Year

X

M onthly aver
age (num ber of 

vehicles)
Y

X X2 xY

1919 161,133 - 9 81 -1 ,4 5 0 ,1 9 7
1920 185,612 - 8 64 -1 ,4 8 4 ,8 9 6
1921 133,069 - 7 49 -  931,483
1922 212,015 - 6 36 -1 ,2 7 2 ,0 9 0
1923 336,168 - 5 25 -1 ,6 8 0 ,8 4 0
1924 300,212 - 4 16 -1 ,2 0 0 ,8 4 8
1925 355,486 - 3 9 -1 .0 6 6 ,4 5 8
1926 358,411 - 2 4 -  716,822
1927 283,444 - 1 1 -  283,444
1928 363,230 0 0
1929 446,535 1 1 446,535
1930 279,666 2 4 559,332
1931 199,145 3 9 597,435
1932 114,223 4 16 456,892
1933 160,005 5 25 800,025
1934 229,426 6 36 1,376,556
1935 328,911 7 49 2 ,302 ,377
1936 371,211 8 64 2 ,969 ,688
1937 400,797 9 81 3,607 ,173

Total 5 ,218,699 570 3,028,935

M id-point..................................................  5 ,218,699 +  19 =  274,668.37
Annual increm ent. . .  ............................  3 ,028,935 -5- 570 =  5 .313 .92
M onthly increm en t................................. 5 ,313 .92  -i- 12 =  442.83

M id-point of series lies midway between June and July of the middle year of the 
series, therefore,

442 S3
June 1928 =  274,668.37 -  =  274,446.95

442
Ju ly  1928 =  274,668.37 +  =  274,889.79

E x h ib it  107.— C om putation of arithm etic straight-line trend  for autom obile production 
in  the  U nited S tates from 1919 to  1937, inclusive (odd num ber of years). Com pare with 
Exhibit 168 which shows th is com putation for an even num ber of years for the sam e series.

that each monthly item in column A varied from the normal item in 
column D was then computed and recorded in column E. In Part A, 
Exhibit 172, page 354, normal for this series is shown with the actual 
data. In Part C, the percentage deviations from normal are presented. 
The next step in the computation illustrated in Exhibit 171 was to reduce 
the percentage deviations to terms of their standard deviation.
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B a s ic  T r e n d — A r i t h m e t i c  S t r a i g h t - l i n e  T r e n d  b y  M e t h o d  o f  L e a s t  S q u a r e s

(Even num ber of years)
Automobile Production in  the U nited States

Year

X

M onthly aver
age (number of 

vehicles)
Y

X x 2 x Y

1918 97,557 - 9 . 5 90.25 -  926,791.5
1919 161,133 - 8 . 5 72.25 -1 ,3 6 9 ,6 3 0 .5
1920 185,612 - 7 . 5 56.25 -1 ,3 9 2 ,0 9 0 .0
1921 133,069 - 6 . 5 42.25 -  864,948.5
1922 212,015 - 5 . 5 30.25 -1 ,1 6 6 ,0 8 2 .5
1923 336,168 - 4 . 5 20.25 -1 ,5 1 2 ,7 5 6 .0
1924 300,212 - 3 . 5 12.25 -1 ,0 5 0 ,7 4 2 .0
1925 355,486 - 2 . 5 6 .25 -  888,715.0
1926 358,411 - 1 . 5 2.25 -  537,616.5
1927 283.444 - 0 . 5 .25 -  141,722.0
1928 363,230 0 .5 .25 181,615.0
1929 446,535 1.5 2.25 669,802.5
1930 279,666 2 .5 6.25 699,165.0
1931 199,145 3 .5 12.25 697,007.5
1932 114,223 4 .5 20.25 514,003.5
1933 160,005 5 .5 30.25 880,027.5
1934 229,426 6 .5 42.25 1 ,491 ,269 .0
1935 328,911 7 .5 56.25 2 ,466 ,832 .5
1936 371,211 8 .5 72.25 3 ,155 ,293 .5
1937 400,797 9 .5 90.25 3 ,807 ,571 .5

T otal 5 ,316,256 665.00 4 ,711 ,493 .0

M id-poin t..................................................  5 ,316 ,256  +  20 =  265,812.80
Annual increm ent.................................... 4 ,711 ,493  +  665 =  7 ,084 .95
M onthly increm en t................................. 7 ,084 .95  4- 12 =  590.41

M id-point of the series lies midway between December and January  of the middle 
year of the series, therefore,

590 41
December 1927 =  265,812.80 -  =  265,517.59

590 41
January  1928 =  265,812.80 +  =  266,108.01n

E x h ib it  168.— C om putation of arithm etic straight-line trend for autom obile production 
from 1918 to  1937, inclusive (even num ber of years). Com pare with E xhibit 167 for odd 
num ber of years for same serieB. (This increm ent is used in computing the business index 
in Exhibit 171, which is presented graphically in Exhibit 172. The straight-line trend com
puted  above is shown graphically in E xhibit 133, page 287.)

Percentage deviations are reduced to standard deviations as follows: 
Each of the percentage deviations is squared (column F). The sum 
of these squares is divided by the number of months in the series and 
the square root of the quotient is extracted. The resulting figure is the

T I M E  S E R I E S — B U S I N E S S  C YCL ES  A N D  E R R A T I C  M O V E M E N T S  351

B a s ic  T r e n d — C o m p o u n d - i n t e r e s t  C u r v e  b y  M e t h o d  o f  L e a s t  S q u a r e s  
(Odd num ber of years)

Automobile Production in the U nited S tates

Y ear

X

M onthly 
average 

(num ber of 
vehicles) 

Y

Log F X X 2 * (log F)

Log
trend
June

figures

Trend
June

figures

1919 161,133 5.20718 - 9 81 -4 6 .8 6 4 6 2 5.33107 214,323
1920 185,612 5.26861 - 8 64 -4 2 .1 4 8 8 8 5.33960 218,575
1921 133,069 5.12407 - 7 49 -3 5 .8 6 8 4 9 5.34813 222,910
1922 212,015 5.32637 - 6 36 -3 1 .9 5 8 2 2 5.35666 227,334
1923 336,168 5.52656 - 5 25 -2 7 .6 3 2 8 0 5.36519 231,841
1924 300,212 5.47744 - 4 16 -2 1 .9 0 9 7 6 5.37372 236,440
1925 355,486 5.55082 - 3 9 -1 6 .6 5 2 4 6 5.38225 241,130
1926 358,411 5.55438 - 2 4 -1 1 .1 0 8 7 6 5.39078 245,910
1927 283,444 5.45247 - 1 1 -  5.45247 5.39931 250,790
1928 363,230 5.56019 0 0 5.40784 255,764
1929 446,535 5.64985 +  1 1 5.64985 5.41637 260,838
1930 279,666 5.44664 + 2 4 10.89328 5.42490 266,011
1931 199,145 5.29917 + 3 9 15.89751 5.43343 271,288
1932 114,223 5.05775 + 4 16 20.23100 5.44196 276,669
1933 160,005 5.20413 + 5 25 26.02065 5.45049 282,156
1934 229,426 5.36064 + 6 36 32.16384 5.45902 287,755
1935 328,911 5.51708 + 7 49 38.61956 5.46755 293,460
1936 371,211 5.56962 + 8 64 44.55696 5.47608 299,288
1937 400,797 5.60292 + 9 81 50.42628 5.48461 305,218

T otal 102.75589 570 4.86247

Log m id-point.................................................. 102.75589 -f- 19 = 5.40820
Log annual increm en t................................... 4.86247 -s- 570 = . 00853
Log m onthly increm en t...........................................00853 +  12 = .00071

M id-point of series lies midway between June and Ju ly  of the middle year of the 
series, therefore,

Log of June 1928 = 5.40820 -  =  5.40784

Log of July 1928 =  5.40820 +  = 5.40856

E x h ib it  169.— C om putation of a com pound-interest trend  for autom obile production from 
1919 to 1937, inclusive. (Same series as shown in E xhibits 167 and 168.)

standard deviation. Then each of the percentage deviations (column 
E) is divided by this standard deviation, which expresses the series in 
terms of its standard deviation from normal, as shown in column G.

The curves in Part C, Exhibit 172, page 354, show not only the elimi
nation of trend and seasonal variation from automobile production, for 
which the computations have been shown in Exhibits 167 to 171, inclusive,
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S e a s o n a l  V a r i a t io n  b y  t h e  M e t h o d  o f  L i n k  R e l a t iv e s  
Automobile Production in the U nited States

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
% % % % % % % % % % % %

1918 61 116 124 116 93 83 99 76 67 84 86 146
1919 149 122 127 113 107 94 99 100 109 115 92 85
1920 116 100 122 76 121 107 93 98 92 88 82 81
1921 49 133 159 135 103 122 93 102 88 93 79 68
1922 112 132 145 128 117 109 88 110 75 114 100 97
1923 109 113 129 105 104 96 87 105 94 112 86 98
1924 104 116 103 98 84 80 107 106 104 99 80 88
1925 116 118 132 116 97 95 100 65 125 136 84 85
1926 98 118 119 101 97 91 93 119 93 84 77 66
1927 142 128 129 103 100 80 83 115 84 84 61 99
1928 173 140 128 99 104 93 99 118 90 96 65 91
1929 171 116 126 106 97 90 92 100 83 91 57 55
1930 228 121 120 112 95 80 79 84 98 70 89 114
1931 110 128 126 122 94 79 87 86 75 57 86 176
1932 98 98 101 125 124 99 60 83 93 58 122 180
1933 120 82 109 153 122 116 92 102 82 70 45 133
1934 193 148 147 104 94 93 86 89 72 78 63 184
1935 189 115 128 106 80 99 93 71 37 311 145 102
1936 90 79 146 119 92 98 97 62 50 166 176 126
1937 76 96 136 109 96 96 88 90 43 193 109 91
1938 64 89 119

1918-1934 medians 116 118 126 112 100 93 92 100 90 88 82 97
Chain relatives. . . 100 118 148.7 166.5 166.5 154.8 142.4 142.4 128.2 112.8 92.5 89.7 104.0
Adjusted............... 100 117.7 148.0 165.5 165.2 153.1 140.4 140.1 125.5 109.8 89.2 86.0 100.0
Seasonal index---- 77.9 91.7 115.3 128.9 128.7 119.2 109.4 109.1 97.8 85.5 69.5 67.0
March 1935—March

1938 average.. . 76.7 88.0 132.2 111.3 89.3 97.7 92.7 74.3 43.3 223.3 143.3 106.3
Chain relatives. . . 100.0 88.0 116.3 129.4 115.6 112.9 104.7 77.8 33.7 75.3 107.9 114.7 88.0
Adjusted................ 100.0 89.0 118.3 132.4 119.6 117.9 110.7 84.8 41.7 84.3 117.9 125.7 100.0
Seasonal index. . . . 96.6 86.0 114.3 127.9 115.5 113.9 106.9 81.9 40.3 81.4 113.9 121.4

E x h i b i t  170.— Computation, of autom obile production seasonal varia tion  by m ethod 
of link relatives. Because of a decided change in seasonal variation early  in 1935, two 
indexes have been com puted for th e  period. The first index is based on the  period from 
January  1918 to  December 1934, and the  second on the  period from M arch 1935 to  M arch 
1938.

but also the elimination of trend and seasonal variation from steel ingot 
production. Both series are shown in terms of their standard deviations 
from normal in Part D. The standard deviations are then averaged 
together as shown in Part E. The curve presented in Part E  is the 
desired index of business conditions.

The reader should fully appreciate tha t the purpose of calculating 
this simple index is to illustrate the method of computation, rather than 
to develop a practical indicator of general business conditions. An 
index of general business ordinarily should include a more representative 
group of series, and these require many preliminary corrections, adjust
ments, and analyses before they are combined. The question of trend is
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‘ E l i m i n a t i o n ”  o f  T r e n d  a n d  S e a s o n a l  V a r i a t io n  
Automobile Production in the  U nited S tates

Year and month

1918
January.. . 
February..
March........
April.........
M ay...........
June...........
July............
August.......
September. 
October 
November. 
December..

1919 
January.. . .  
February...
March........
April...........
May............
June...........
July............
August.......
September. 
October 
November.. 
December..

(1920-1935 omitted 
from this table)

1936 
January... 
February.. 
March. . . .
April.........
M ay..........
June..........
July..........
August.. . .  
September. 
October.. . 
November. 
December.

1937 
January. .. 
February..
March........
April...........
May...........
June............
July............
August.......
September. 
October. . . . 
November. 
December. .

Produc
tion 

(num
ber of 

vehicles)
A

92,208 
106,962 
132,142 
153,673 
143,003 
118,859 
118,060 
89,542 
59,555 
50,311 
43,244 
63,127

93,779
114,598
146,091
165,229
176,484
166,575
164,831
165,414
180,786
207,222
190,321
162,265

364
287
420.
502
460
452.
440:
271
135.
224,
394,
498,

380,
363,
494,
536,
516,
497,
438,
394,
171,
329,
360,
326

,004
,606
,971
,775
,565
955

,999
,291
,130
,628
890
721

055
995
277
339
919
311
971
330
203
876
055
234

Trend 
(num
ber of 

vehicles)

B

195,259
195,849
196,440
197,030
197,620
198,211
198,801
199,392
199,982
200,573
201,163
201,753

202,344 
202,934 
203,525 
204,115 
204,705 
205,296 
205,886 
206,477 
207,067 
207,657 
208,248 
208,838

322,787 
323,378 
323,968 
324,559 
325,149 
325,739 
326,330 
326,920 
327,511 
328,101 
328,691 
329,282

329,872
330,463
331,053
331,644
332,234
332,824
333,415
334,005
334,596
335,186
335,776
336,367

Seasonal 
index 

(per cent)

C

“Normal’
(B  X C)

D

Percentage 
deviations 

from 
normal 

(A -r- Z>) — 
100 
E

Percentage
deviations
squared

F

Cycles 
in S.D. 
(E  + a) 

(<r = 
40.98 %)

G

77.9 152,107 - 3 9 .4 1,552.36 .96191.7 179,594 - 4 0 .4 1,632.16 _ .986115.3 226,495 -4 1 .7 1,738.89 - 1 .018128.9 253,972 -3 9 .5 1,560.25 .964128.7 254,337 - 4 3 .8 1,918.44 - 1 .069119.2 236,268 - 4 9 .7 2,470.09 - 1 .213109.4 217,488 - 4 5 .7 2,088.49 - 1. 115109.1 217,537 -5 8 .8 3,457.44 - 1 .43597.8 195,582 - 6 9 .5 4,830.25 - 1 .69685.5 171,490 -7 0 .7 4,998.49 - 1 .72569.5 139,808 -6 9 .1 4,774.81 - 1 .68667.0 135,175 -5 3 .3 2,840.89 - 1 .301
77.9 157,626 - 4 0 .5 1,640.25 .98891.7 186,090 -3 8 .4 1,474.56 _ .937115.3 234,664 - 3 7 .7 ],421.29 _ .920128.9 263,104 -3 7 .2 1,383.84 _ .908128.7 263,455 -3 3 .0 1,089.00 _ .805119.2 244,713 - 3 1 .9 1,017.61 _ .778109.4 225,239 -2 6 .8 718.24 _ .654109.1 225,266 - 2 6 .6 707.56 _ .64997.8 202,512 -1 0 .7 114.49 __ .26185.5 177,547 +  16.7 278.89 + .40869.5 144,732 + 3 1 .5 992.25 + .76967.0 139,921 +  16.0 256.00 + .390

96.6 311,812 +  16.7 278.89 + 40886.0 278,105 +  3 .4 11.56 + 083114.3 370,295 +  13.7 187.69 + 334127.9 415,111 +21.1 445.21 + 515115.5 375,547 + 22 .6 510.76 + 551113.9 371,017 +22 .1 488.41 + 539106.9 348,847 +  26.4 696.96 + 64481.9 267,747 +  1.3 1.69 + 03240.3 131,987 +  2 .4 5.76 + 05981.4 267,074 - 1 5 .9 252.81 388113.9 374,379 +  5.5 30.25 + 134121.4 399,748 + 2 4 .8 615.04 + 605
96.6 318,656 +  19.3 372.49 + 47186.0 284,198 +  28.1 789.61 + 686114.3 378,394 + 30 .6 936.36 + 747127.9 424,173 + 26 .4 696.96 + 644115.5 383,730 +34 .7 1,204.09 + 847113.9 379,087 +31 .2 973.44 + 761106.9 356,421 + 23 .2 538.24 + 56681.9 273,550 +44 .2 1,953.64 + 1 07940.3 134,842 + 2 7 .0 729.00 + 65981.4 272,841 + 20 .9 436.81 4 510113.9 382.449 -  5.9 34.81 144121.4 408,350 - 2 0 .1 404.01 - 490

s n f f W n tT  L+ ab°iI e j abi e ,the-da ta  are given for four years on’y  as this wil1 besufficient to  illustrate  the m ethod of elim inating the  trend and seasonal variation from the
autom obile production da ta  shown by the curve in P a r t  A  of Exhibit 172. The vears 
included in this table are the first two and last two of the  1918-1937 period T he samp 
n ^ ,C®d7 e waf ' of course followed for the other years and the  resulting curves for the  entire 
period for columns D, E, and G are shown m  E xhibit 172. (See Exhibit 170 relative to 
the two seasonal indexes used above.)
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INDEX OF BUSINESS CONDITIONS BASED ON 
AUTOMOBILE PRODUCTION AND STEEL INGOT PRODUCTION

1918-1937
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E x h ib it  172.—Development of a simple index of business conditions. The index curve 
shown in P art E  is an average of automobile production and steel-ingot production when 
expressed in terms of standard deviations from normal.
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particularly important. In the illustration just presented (Exhibit 
171), a computed trend was used. Very often, however, a computed 
trend will not actually be the long-time trend, because of random varia
tions during the period. In fact, the computed trend in the illustration 
just presented is open to serious question because of the effect of the 
severe depression of the 1930’s.

I t has been the purpose of the last four chapters to describe some 
of the technical methods which are most useful in analyzing time series. 
The practical usefulness of these methods in making analyses of economic 
changes will be evidenced from time to time throughout the remainder 
of this book, especially in the following chapter on Business Forecasting.

Questions and Problem s

1. W hat is m eant by the term  “ business cycle” ? *
2. W hat are the four phases, or periods, of the business cycle? Describe each. 

Are the  phases of equal duration? Are the entire cycles regular as to  length?
3. D istinguish the “ general business” cycle from cycles in certain industries.
4. D istinguish between m ajor and minor cycles.
5. How does overconfidence and loss of confidence affect the business cycle? 

W hy is the “ crow d” always wrong in its  judgm ent of th e  position in th e  business 
cycle?

6. Discuss the relation of erratic m ovem ents to cyclical movements. Are they 
usually  m easured separately?

7. Can business conditions in general be controlled or stabilized? Explain.
8. W hat is m eant by “ n o rm al” business conditions and how m ay m athem atical 

m easurem ents of norm al be m ade?
9. Describe the process of obtaining percentage deviations from norm al. W hat 

is th e  purpose of the process of reducing percentage deviations to  units of standard  
deviation? How is th is done?

10. Why is it  sometimes desirable to forecast an individual concern’s business in 
term s of standard  deviations?

11. Discuss the correction of tim e series for trend and seasonal variation  in 
correlation analysis.

12. W hat is the significance of irregular residuals after trend and seasonal influ
ences have been elim inated?

13. Explain how composite business curves composed of two or more series of 
d a ta  m ay be prepared. Describe the com putation of a simple business index for the 
United S tates based on autom obile production and steel-ingot production.

14. The quarterly  sales (in thousands of dollars) of the D andy Grocery Company 
for th e  years 1935-1938 were:

Y ear 1st quarter 2d quarter 3d quarter 4th quarter

1935 95 121 124 97
1936 108 120 135 1201937 126 135 136 126
1938 130 145 142 120*

* E stim ated.
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From  previous experience Mr. D a n d y  has determ ined th e  seasonal variation of 
his sales, com puted by the link-relative m ethod, to  be:

Quarter Per cent
F irs t.................................................................................................................... 92
Second................................................................................................................ 106
T h i r d . . . , .................................. ........................................................................ 109
F o u rth ................................................................................................................ 93

He also has found th a t the quarterly  trend  of his sales has a quarterly  increm ent 
of $2,000 and th a t  its  ordinate for the year 1936 was $116,000.

a. Com pute th e  expected norm al sales for th e  years 1935-1938 and express the 
actual sales as percentage deviations from normal.

b. Follow th e  instructions given in a, assuming th a t  the index of seasonal variation 
was com puted by  th e  m ethod of quarterly  totals.

(Q uarterly d a ta  are used in th is and some succeeding problems in order to lim it 
the num ber of computations. Ordinarily, m onthly da ta  are more satisfactory for 
time-series analyses of this character.)

15. Annual sales (in millions of dollars) of Jam es and Co. for the years 1930-1938 
were:

Sales (millions
Year of dollars)
193 0  .45
193 1  .46
193 2  .35
193 3  .32
193 4  .28
193 5  .......................................................... .34
193 6   40
193 7   46
193 8   54*

* L ast quarte r estim ated.

The quarterly  sales (in millions of dollars) for the  years 1935-1938 were:

Year 1st quarter 2d quarter 3d quarter 4th quarter

1935 8 6 9 11
1936 9 6 11 14
1937 11 8 12 15
1938 14 11 13 16*

* E stim ated .

a. C om puting trend  by the m ethod of least squares and seasonal variation by  the 
link-relative method, determ ine the norm al sales for the years 1935-1938 and express 
the actual sales as percentage deviations from normal.

b. Reduce the percentage deviations from norm al to  un its  of standard  deviation 
from normal.
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c. If Mr. Jam es expects sales in the first quarter of 1939 to  be .8 of one standard  

1939? lf>n °Ve n0rm aI’ What volllme of sales ma.V he exPect in the first q u arte r of

16. Q uarterly sales (in millions of dollars) of Best M otor Company for the years 
1935-1938 were:

Year

1935
1936
1937
1938

1st quarter 2d quarter 3d quarter 4th quarter

14 17 10 13
15 19 12 18
23 21 14 22
31 29 17 24*

* E stim ated.

I'rom previous records it has been determ ined th a t the quarterly  trend of the 
com pany’s sales has an annual increm ent of 2 (millions of dollars) and an ordinate for 
the year 1938 of 22 (millions of dollars).

a. Computing seasonal variation by th e  ratio-to-trend m ethod, determ ine the 
norm al ’ sales for the years 1935-1938. Express the actual sales as percentage

deviations from normal.
b. E stim ate the sales for the first and second quarters of 1939, assuming the sales 

are expected to be + .6  and + .4  standard  deviations from normal, respectively.
17. Bank debits (in thousands of dollars) of Brown C ity for the three years 1936- 

1938 were:

M onth

January . . . . 
F e b ru a ry .. .
M arch ..........
A pril............
M ay .............
Ju n e .............
J u ly ..............
A ugust........
S eptem ber. .
O ctober........
November. . 
D ecem ber...

* Estim ated

1938

64
61
69
76
75
83 
80
84 
88 
95' 
93*

114*

The m onthly trend line has been found to  have an annual increm ent of $24 000 and 
an ordinate for 1937 of $52,000.

Finding the seasonal variation by the method of m onthly to tals , determ ine norm al 
expected bank debits for th e  first six m onths of 1939.



18. Actual and  com puted norm al sales (in thousands of dollars) of the Johnson 
M otor Co. for the years 1935-1938 arc given below:
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Sales (in thousands of dollars)

Q uarter
1935 1936 1937 1938

Actual Normal Actual Normal Actual Normal Actual Normal

F ir s t..................... 93 103 106 110 125 118 130 125
Second................. 122 118 122 126 137 135 145 143
T h ird ............... 127 122 133 130 138 139 143 147
F o u rth ................. 95 106 118 113 124 120 119* 126

* E stim ated .

A business service in the  area informs the  m anagement of the Johnson M otor Co. 
th a t general business in the area (expressed in units of standard deviation from normal) 
has been, for the past four years:

Year 1st quarter 2d quarter 3d quarter 4th quarter

1935 - 1 . 6 .4 .6 - 1 .1
1936 - 1 . 0 -  .6 .2 1.3
1937 2.1 1.1 .1 1.8
1938 1.2 .6 - . 6 - 1 .4 *

* E stim ated .

The business service estim ates general business in the  area for the  first two quarters 
of 1939 to be —.6 and + 1 .2  standard  deviations from normal, respectively.

a. Determ ine if there is enough correlation between the sales of Johnson M otor Co. 
and general business in the same area to w arrant Mr. Johnson’s using the estim ates 
of the business service for the first two quarters of 1939 in making a forecast of his 
own sales for the  same period.

b. If the relationship in a is found to be sufficiently close, estim ate the  sales of 
the Johnson M otor Co. for the first two quarters of 1939. The estim ated computed 
normal sales of the  Johnson M otor Co. for these two quarters would be 133 and 152 
(in thousands of dollars), respectively.

19. Sales of Sm art and Co., retail merchants, are given below for the past seven 
years (data in thousands of dollars).

Retail Sales (in thousands of dollars)

Q uarter 1932 1933 1934 1935 1936 1937 1938

F irs t...................... 102 96 76 96 96 102 121
Second.................. 107 78 84 92 88 114 118
T h ird .................... 104 83 93 101 104 107 132
F o u rth .................. 98 80 100 107 113 132 146

T o ta l................ 411 337 353 396 401 455 517
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The retail sales for the entire area (expressed as a percentage of norm al) are computed 
by the R etail M erchants’ Association and are as follows:

R etail Sales (per cent of normal)

Q uarter 1932 1933 1934 1935 1936 1937 1938 1939

F ir s t . . . 136.2 87.6 77.4 94.8 88.8 97.6 109.1 114.0*
Second. 127.5 93.8 89.7 95.0 86.4 102.1 110.2 102.0*
T hird .. 121.3 85.4 90.8 96.9 92.4 103.1 107.1
F o u rth . 101.6 75.6 90.9 93.8 93.7 107.8 111.3

* E stim ated .

a. Mr. Sm art would like to  know:
1. The ra te  of long-time growth in his business (use m ethod of least squares).
2. The seasonal variation in his business (use link-relative method).
3. How closely the cyclical fluctuations in his business followed the cyclical 

fluctuations in the data  presented by the Retail M erchants’ Association.
b. W hat sales would you forecast for Sm art and Co. for th e  first half of 1939?



CHAPTER XVII

BUSINESS FORECASTING

When definite estimates of future conditions are made on a systematic 
basis, the process is referred to as “ forecasting,” and the figure or state
ment obtained is known as a “ forecast.” During the last twenty years 
there has been a great increase in the number of organizations which 
definitely plan their buying, production, selling, financing, and building 
in relation to a scientific forecast of future conditions.

Object of Forecasting in Business.—I t  should be realized at the 
outset that the object of business forecasting is not to determine a curve 
or series of figures that will tell exactly what will happen, say a year in 
advance, but it is to make analyses, based on definite statistical data, 
which will enable an executive to take advantage of future conditions to a 
greater extent than he could without them. Some predictions are based 
upon relatively complicated statistical procedure, but many of the most 
valuable forecasts are those which are relatively simple and which the 
business man can check directly with his own judgment and experience.

Business forecasting does not depend upon the determination of a 
certain figure for a certain future situation through the application of 
some mysterious or magic process, although there are some so-called 
experts who would have us believe that they are in possession of highly 
valuable secret tricks and formulas. The business man, however, ordi
narily does not have confidence in this type of forecast.

Business forecasting depends upon practical analyses of the past and 
present conditions which indicate the nature of probable future condi
tions. Suppose, for instance, that while conditions are still prosperous, 
a cement manufacturer finds that, in his market area, building is over- 
expanded, public funds are not available for paving and similar con
struction, and that the other users of cement have built up an excess of 
construction in relation to the demand. This cement manufacturer then 
knows tha t the future market is in a precarious condition. He cannot 
foretell the exact day, week, or month when sales will decline, but he 
knows tha t his market is unsafe. Consequently, he knows that he must 
experience a distinct decline in his sales in the near future, and tha t he 
should conduct his business accordingly. Suppose, on the other hand, 
that during a period of quiet business, a shortage of buildings has devel
oped, and that bonds have been floated for extensive municipal improve
ments, such as paving, sewers, bridges, and the like. Under such
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conditions, he can reasonably expect an improved market in the follow
ing season, and he will prepare his plant and organization to handle an 
increased demand for his product because of what is shown by such 
statistical indicators of the future.

The more accurately the above cement manufacturer can determine 
his cyclical position in the present, the better idea he will have of how 
he should prepare his concern for the future. In this connection, the 
point should be appreciated that the principal reason for determining 
one’s position in the business cycle is to determine when one is in a sound 
position and when one is in an unsound position. If a person knows that 
he is in a boom period, he knows that he must be cautious in assuming 
obligations, in expanding plant or inventory, etc., for he must look for
ward to contracted business. If, on the other hand, one knows that a 
depression has run its course, he can make preparations for expanding 
business. Of great assistance in this connection, when one can find it, 
is a series of related business data which will indicate the cyclical situation 
in a particular market when exact data on the market itself are not 
available.

Limitations of Statistical Analysis.—The primary purpose of the 
preceding chapters has been to develop a background of statistical 
technique that would be useful in analyzing practical business problems. 
In the present and remaining chapters, the purpose is to indicate more 
specificially and completely the types of statistical problems that confront 
business men, and how such problems can be solved in a practical way 
with the aid of statistics. I he methods that have been described will be 
used as tools when they are needed and when it is expedient to use them, 
but the empha is will be placed upon securing practical results. However, 
before proceeding with the discussion of specific applications to business 
problems, it is desirable to review the more important limitations of 
statistical analyses, for, important as such analyses are, there is often a 
tendency foi the student and business man to expect too much from 
statistics. In fact, one of the greatest difficulties in present-day sta
tistical work is the failure to realize or properly appreciate the limitations 
involved in the application and the interpretation of results obtained by 
statistical methods. Four of the most common limitations, each of which 
may be the proper subject for no small amount of reflection by the prac
tical statistician, are as follows:

1. Failure to  realize th a t sta tistical methods are applicable only to  quan tita tive  
data, when, in fact, quan tita tive  da ta  practically never constitute more than  a p a rt of 
th e  inform ation on a  given business problem.

2. The assum ption in sampling th a t  all of the da ta  are equally representative of 
and equally affected by  the infinite num ber of independent forces presumed to be 
acting upon the data.
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3. The im perfections (primarily because of rigidity) of the m athem atical methods 
used in statistical technique.

4. Inadequate statistical m aterial and th e  use of methods too refined for the data  
a t  hand.

These various groups of limitations will now be discussed briefly.
Statistical Methods Limited to Quantitative Data.—The failure to 

realize that statistical methods are applicable only to quantitative data 
and that quantitative data can probably never constitute more than a 
fraction of the information necessary in a given business problem is 
undoubtedly the cause of more erroneous conceptions and improper 
deductions than any other one difficulty in the mechanical use and appli
cation of statistical methods. Altogether too frequently the so-called 
statistician overlooks or ignores those multitudinous and varied forces 
and phenomena which, although they are not easily reduced to a numer
ical basis nor expressable in quantitative terms, do have an important 
bearing upon the solution of the immediate problem in hand. One 
reason why professional statisticians ordinarily do a considerable amount 
of field work themselves when carrying on an extensive practical investiga
tion is that the casual observations and non-statistical information 
gathered are very important as a background and supplement in inter
preting the statistical data.

Limitations of Sampling.—In almost all statistical investigations, as 
was previously pointed out in Chapters II  and XI, it is not only imprac
tical but quite impossible to obtain a statement of all the numerical 
data bearing upon a given problem. In order to save time and expense, 
it is necessary to resort to the sampling process, which consists of utilizing 
only a part of the possible data and of making the assumption that the 
results are substantially the same as if complete data had been available. 
I t  is imperative in interpreting such data that the limitations of the 
sample be understood as far as possible and that all conclusions be 
properly qualified.

Rigidity of Mathematical Methods.—The mathematical methods 
which underlie statistical processes are based upon certain ideal con
ditions. Since these ideal conditions are seldom if ever present in 
statistical data, it is commonly necessary to “ idealize” the data; that 
is, it is customary to assume that the data are ideal, and, if necessary, 
to make qualitative reservations or to provide corrections to offset 
the possible error. Thus, certain statistical methods presuppose that the 
frequency distributions involved are normal probability curves— 
a condition quite difficult to find in the economic world. Such distri
butions in business are almost always skewed and not infrequently they 
are quite erratic. The art of judging just how far such statistical methods 
can be applied to data which deviate from a normal probability curve
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marks the difference between a dependable and a non-dependable statis
tical analyst.

Although most statistical methods can be mechanically applied with
out an understanding of the mathematics involved, safe interpretations 
can be made only when the mathematical processes are understood and 
qualitative information is considered. Dogmatic interpretations often 
result from blind reliance upon mathematical methods. The trained 
statistician uses the same mathematical methods (which need not neces
sarily involve the higher mathematics), but he realizes their distinct 
limitations and checks his interpretations in other ways.

At an earlier point in the discussion it was noted that several methods 
tended to be biased in one way or another. Thus the arithmetic and 
harmonic means are biased by small and large numbers in index-number 
construction. The coefficient of correlation may be biased by non-linear 
relationships. The former type of bias may be said to grow out of the 
imperfections of our numerical system rather than from the way in which 
these numbers are treated; the latter type of bias comes from the use 
of a mathematical method based upon one set of assumptions, where 
another and different set of conditions obtains. I t  is obvious that care 
should be taken to observe any such bias when it exists.

Use of Too Highly Refined Methods.—Another of the dangers in 
statistical analysis is the use of methods which are too highly refined for 
the data at hand. Since all statistical methods are not equally refined, 
they possess varying degrees of appropriateness when applied to different 
types of data, and when the data are in various forms or of different 
degrees of accuracy. Thus, it may not be proper or practical to compute 
a coefficient of correlation when only a small number of items are avail
able, or when the data are given merely by arbitrary classes.

Another difficulty arises in determining the extent to which the 
calculation should be carried out, when the extent of accuracy in the 
original data is known. Cases are on record where weekly earnings with 
a probable accuracy of each individual case not nearer than $ 5  a week 
have been averaged to three decimal places. Spurious accuracy of 
this kind only serves to place good statistical work in disrepute. A 
case recently observed was one in which the amount expended annually 
by the average citizen in the United States for shoes was stated as $7.1124 
and the amount of sugar consumed as 65.3185 pounds. In this instance 
the original data probably consisted of estimated total amounts divided 
by an estimated population—a circumstance certainly not requiring 
computation to four decimal places. A good general rule is to compute 
the statistical measure to one greater decimal place than the accuracy 
of the data. Thus, if one had data which were accurate to 1 pound, it 
would be safe to compute an average to . 1  pound,
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Statistical Checking List.—Experience soon teaches the statistical 
investigator that there are many checks that should be made of his 
methods and of his analyses. The following list includes some of the 
more important questions which should be answered before an investi
gation may be considered trustw orthy:

1. Are the results reasonable?
2. Is i t  logically possible to  reach any other conclusion?
3. Is a solution based upon past conditions sound as a basis for predicting future 

conditions?
4. Is the group of d a ta  sufficiently large to  give a dependable indication of the 

characteristics as they  apply to  the problem in hand?
5. Are th e  m ethods applicable to the d a ta?  T h a t is, is there too m uch “ idealiza

tio n ” ?
6. Are the da ta  accurate and complete enough to  justify  the application of the 

m ethods used?
7. Are there cum ulative or o ther errors in the compilations or calculations? Or 

will th e  application of the results necessarily involve cum ulative errors?
8. H as there been comparison of non-com parable data?
9. H ave percentages been erroneously used?

10. H ave previous convictions influenced either the selection of th e  da ta  or the 
application of sta tistical m ethods to  them ?

11. H ave any im portan t factors, which m ay be discovered by logical reasoning, 
been neglected in th e  analysis?

12. H as there been a repeated use of m ethods which will introduce error (such 
as ratio  of ratios or average of averages)?

Obviously, this list is not complete, but it will be of assistance in 
avoiding errors.

Probably no check in statistical analysis is more important than that 
of determining the reasonableness of the results in relation to other 
information. “ The verification of conclusions by means of controlled 
statistical experiments is very rarely possible in the social sciences, 
and the impracticability of such experiments results too often in excessive 
reliance upon theory and pure correlations. Nevertheless, there are 
many direct verifications of cause and effect relations in economic 
phenomena that, while fragmentary and incomplete in themselves, may 
still be of convincing value in combination with the results of other 
analyses.

“ As a specific though somewhat odd illustration, we may take the 
correlation between daily weather conditions and the lunch time patron
age of restaurants. On first examination, the situation is confusing. 
Some restaurants show a positive correlation between fine weather and 
the number of lunches served. Others show a negative correlation, and 
still a third group reveal no definite correlation whatever. From the 
standpoint of pure statistics, the problem is perhaps insoluble. Yet a 
few direct inquiries will not only reveal the real facts, but add an unex
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pected significance to the data. Stormy weather reduces somewhat the 
total number of lunches eaten in restaurants. But its more important 
effect is to drive customers into unattractive near-by restaurants, who 
in fair weather would go to more attractive restaurants a t a distance. 
The attractive restaurant shows a positive correlation between trade 
and sunshine. The unattractive restaurant profits from cloudy skies.

“ Another example of this practical form of verification is in connection 
with the assumption that there is a direct cause and effect relation 
between interest rates on second mortgages and the volume of building 
construction. I t has been stated that the reduced building activity of 
the last few months of 1930 was directly ascribable to the high cost of 
second mortgage financing. Nevertheless, even the most sketchy inquiry 
of those directly concerned with the handling of second mortgages would 
have shown that the difficulty was not a shortage of second mortgage 
money, but a shortage of second mortgage confidence. The real obstacle 
to construction at that time was the fear that building investments made 
at the then current levels of cost, and in the face of apparent building 
surpluses, might be wholly unprofitable.

“ I t is this checking of circumstantial evidence by the forcing of a 
direct confession from the statistical culprit th a t may properly be 
described as the application of the ‘statistical third degree.’ And no 
professional sentimentalism should be allowed to prevent a full develop
ment of the possibilities of this procedure. The statistician, as the chief 
pathfinder among scientific pioneers, must necessarily combine that 
vision which comes from fertility, breadth, and incisiveness of hypothesis, 
with the balance and sureness of step of the scientific method as a whole. 
But, above all, he must possess something of the rude spirit of the 
frontiersman and must seek his results in every legitimate way, regardless 
of refinements of method and rigidity of conventions. ” 1

Predominance of Forecasting in Business Statistics.—Questions of 
the future commonly predominate in business investigations. As has 
been mentioned previously, the business man must constantly plan for 
the future. Questions of expanding production, increasing inventories, 
constructing new buildings, acquiring land, extending credit, curtailing 
loans, decreasing interest rates, raising prices, developing new markets, 
and the like usually must be decided upon the basis of present indications 
of future conditions. Even when one makes a frequency distribution 
study of, say, factory wages, it is usually done with the object of improv
ing one’s position in the future.

1 Quoted w ith slight changes from M. C. R orty, “ S tatistics and th e  Scientific 
M ethod,” Presidential Address, Ninety-second Annual M eeting of the American 
S tatistical Association, December 31, 1930; published in the Journal of the American 
Statistical Association, pp. 1-11, March 1931.
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Some estimates of the future take the form of long-range forecasts, 
covering several or even many years, while others involve only a few 
weeks or days. Probably the most common problems are those that 
involve planning ahead for 1 to 18 months. Sometimes refined methods 
of measuring trend, seasonal variation, etc., are necessary, as when 
economic and statistical services forecast the movements of the business 
cycle, but the statistical methods used in most estimates regarding the 
future are much more simple. An illustration of this simple type of 
forecasting is given in the following: A certain San Francisco apple 
dealer, learning that the apple market was unusually good in British 
Malaya, had to estimate future conditions because of the time involved 
in reaching that market. A brief investigation showed him that 5,000 
cases were already on the way, and this quantity was enough to over
stock the market before it would be possible for his shipments to arrive 
there. Having this simple but significant datum at hand, he knew that 
future conditions would be such that it would not be advisable to ship 
apples to Malaya.

In forecasting the future in business, the value of statistics depends 
upon the extent to which they serve as bases for making better forecasts 
than could be made without them. Statistics alone ordinarily do not 
forecast future conditions. In fact, purely mechanical statistical fore
casters are not reliable. Judgment, experience, and knowledge of the 
particular industry are necessary in making the proper interpretations 
and analyses and in reaching sound conclusions.

Local, Regional, and National Points of View.—Some businesses are 
concerned principally with local conditions while others are concerned 
with regional, national, and even international conditions. For some 
products (such as raw materials like wheat and cotton) a wide market 
exists, not only throughout the United States, but largely throughout 
the world. Conditions in such markets do not vary much from place to 
place, and if temporary differences arise, they soon adjust themselves. 
For most consumers’ goods, however, sales effort is necessary, and the 
relation between demand and supply varies greatly in different parts of 
the country. Consequently, if we are considering the cyclical situation in 
connection with forecasting or planning business operations, we must 
recognize that local business cycles may be distinct from national business 
cycles. Sometimes cycles in one area move with national cycles, some
times there is a lag, and sometimes they move in opposite directions. 
Much of our trade, industry, and agriculture is affected by both national 
and local conditions, some is affected almost entirely by national condi
tions, and some is affected almost entirely by local conditions.

The importance of recognizing the differences between local and 
national cyclical situations may be illustrated by the following examples:
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In 1921 a Los Angeles dry-goods wholesaler bought his merchandise 
in the national market which was in a period of depression. He sold it 
in the local market where conditions were prosperous; this was an ideal 
situation for the wholesaler. On the other hand, a Los Angeles manu
facturer at the same time (1921) sold his products in a depressed national 
market at a loss because local labor and material costs were high, on 
account of the prosperous conditions in Los Angeles at that time. Similar 
instances could be cited in connection with the Florida, Iowa, and other

A B  c
E x h ib it  173. N ot only do conditions vary  widely from one m ajor p a r t of the nation 

to another (A), but there are wide variations within small divisions of the country (B), 
and also within local areas (C), even when conditions in general are highly prosperous! 
(See Exhibit 158, page 331, for curves showing the general business boom and fairly high 
building activ ity  in 1929.)

booms. How construction activity (as indicated by new contracts) 
v aried in nine sections of the nation during the generally high prosperity 
of 1929 is shown in Part A, Exhibit 173.

Differences in national and local conditions are pointed out above. 
Often it is necessary to break local areas down into still smaller parts. 
That is, conditions in a small section of the country, or conditions in 
a metropolitan city area often differ greatly from one part of the area to 
another. 1 his makes it necessary to study these subdivisions separately 
if one is to take advantage of the conditions as they exist. Illustrations 
of how these variations occur, even when conditions in general are highly
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prosperous, are presented in Exhibit 173, Part B, which shows the varia 
tions in construction contracts in nine cities of Massachusetts, and 
in Exhibit 173, Part C, which shows the variations in building permits 
in seven different districts of metropolitan Los Angeles. Certain business 
concerns, especially wholesalers and manufacturers, find such studies of 
small areas very valuable checks upon the various parts of their market. 
In a certain case, for instance, a salesman was making but few sales in 
his district. A report showing active business conditions in one of these 
small areas, which had practically the same boundaries as his territory, 
was called to his attention. Realizing that somebody was actually get
ting the business, the salesman renewed his efforts anci substantially
increased his sales.

A Practical Example of Local Business Forecasting—In order to illus
trate the problem of local business forecasting in greater detail, let us refer 
to an actual case of forecasting office-building conditions in Los Angeles. 
Early in 1925, it was found advisable to make a careful analysis of the 
future office-building situation for the use of bankers, realtors, building- 
material manufacturers and dealers, and other business men . 1 I t  was 
found tha t there was a fairly definite relation between occupied office 
space and population. From 1909 to 1924, the number of square feet 
of office space per person per year varied from 6.1 to 7.6, excluding war 
years. Both of these extremes occurred in the early part of the period. 
The more rapid growth of the metropolitan population, as compared 
with tha t of the city proper, did not seem to affect the ratio. In fact, 
it appeared in this survey that any increase in the ratio, due to the 
metropolitan population, was more than offset by the increased efficiency 
in the use of office space. Consequently, in determining the relation of 
present space to future population, it was deemed advisable to use the 
latest factor instead of the average for the period. This latest factor 
was 6.27 square feet per capita.

Population forecasts for January 1, 1927, and January 1, 1930, were 
then used as the bases of future demand estimates. In making these 
population forecasts, careful estimates were made for the intercensus 
years back to 1900, so that the cycles could be studied. A study of the 
long-time tendencies for the period since 1900 indicated a compound- 
interest trend. The forecasts were made on the basis of projecting this 
trend of 1930, and then making a cross-section analysis to determine 
whether such factors as growing industry, oil developments, trade expan
sion, tourist traffic, and the like would operate to change this tiend. I t 
appeared that the average rate of development was still fundamentally 
the same and that there were no good reasons for expecting a substantia]

1 Eberle & Riggleman Economic Service, Vol. II , No. 13, March 30, 1925.
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change in the rate ol growth for the period under consideration. Since 
there appeared to be no fundamental factors which indicated that the 
population in 1927 and 1930 would be greater or less than the trend points, 
these figures were taken as the estimates of future population for these 
dates. I t  should be emphasized in this connection, however, that such 
trend figures should not be used as forecasts unless the fundamental 
factors influencing population growth are analyzed. I t is this cross- 
section analysis of fundamental conditions, rather than the computation 
of the trend figures,- that is of greatest importance. 1

LOS ANGELES OFFICE BUILDINGS 
THE RELATION BETWEEN RENTABLE AREA 

DEMAND AND SUPPLY

1920 1925
FIGURES AS OF DECEMBER 31 EACH YEAR

1930

E x h ib it  174.— This chart, which was made early in 1925, showed the current and past 
relations of supply to dem and, and forecasts of future conditions.

On the basis of a forecast of population for January 1 , 1927, of 1,117,- 
291 multiplied by the space per capita factor of 6.27 square feet, it was 
estimated that there would be a demand for approximately 7,005,415 
square feet on December 31, 1926 (see demand curve in 1926 in Exhibit 
174). For December 31, 1929, maximum and minimum demand fore
casts were made on the basis of population forecasts for January 1 , 1930. 
The maximum population estimate for January 1 , 1930 (1,300,000) 
was multiplied by the average of the six highest factors taken from the 
16-year period which gave the maximum demand estimate of 9,165,000 
square feet. The minimum population estimate (1,250,000) was multi
plied by the average of the six lowest factors (excluding war years) which

1 For detailed methods of making population estim ates, see pp. 431-443.
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gave a minimum demand estimate of 7,825,000 square feet. These 
estimates for December 31, 1929, are shown by the maximum and mini
mum curves in the chart just referred to (Exhibit 174), and the curves 
are projected one year to the end of 1930.

At the same time that the survey of vacant space was made, a survey 
was made of buildings under construction and projects that probably 
would be completed within the following two years. This investigation 
indicated that by the end of 1926 the supply would be increased to 
approximately 8,528,284 square feet. Since, by this date, a normal 
demand would increase to only 7,005,415 square feet, it was probable 
that there would be a vacancy of 1,522,869 square feet or 17.9 per cent

COMPARISON OF THE RATES OF INCREASE 
IN RENTABLE OFFICE AREA AND POPULATION IN 

LOS ANGELES, 1905-1930
AVERAGE 1909-1912=100

1910 1915 1920 1925
FIGURES AS OF DECEMBER 31 EACH YEAR

E x h ib it  175.— W hen relations between population and office space exist as in the above 
chart, a diverging of the curves indicates an unsound condition.

(see Exhibit 174). A comparison of the supply expected for 1926 with 
the demand forecasts for 1930 (see Exhibit 174) indicated at the time 
this report was made in 1925 that there probably would be no serious 
shortage of office space by January 1, 1930, and there might be a vacancy 
as high as 8 per cent, even if no further office buildings, except those 
under construction or definitely projected, were added to the supply. 
The accuracy of this prediction is indicated by the fact that the actual 
demand on January 1, 1930, for office space of the type included in the 
survey was approximately 8,600,000 square feet—a point about midway 
between the maximum and minimum forecasts published in 1925.

If actual demand figures are not available, it is sometimes possible 
to make a comparison of total supply figures with population data that 
will be of great value in analyzing such situations. In Exhibit 175,
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these figures for Los Angeles are reduced to percentage relatives, with the 
period 1909 to 1912 as a base. I t  will be noted that in the period follow
ing 1913 and in the period following 1924 the curves diverged widely. 
We know from Exhibit 174 that these were periods of high vacancies. 
Where such relations are known to exist, a population series can be used 
as an indicator of demand for office space, and when the curves diverge, 
as in Exhibit 175, an unsound condition is indicated.

While the relation shown in Exhibit 174 indicates that the procedure 
described in connection with Exhibit 175 could be used in this particular 
case if there were no demand data, it does not prove that the principle 
can be used in all cases where demand data are not available. Some 
kind of a check must be made to find whether or not the plan is reasonable 
and reliable. Suppose, for instance, that Exhibit 175 represents some 
other city and that demand data are not available. If it were known 
in a general way that a sound relation existed between the supply and 
demand for space in 1908, 1909, 1910, 1922, and 1923, such divergings as 
those following 1913 and 1924 would be distinct indicators of unsound 
conditions. Through the use of building permit data and other available 
data on projected construction, the actual supply of space can be antici
pated for several months, and in some instances for a few years, thus 
improving the accuracy of the forecast.

In connection with the application of the above information, let us 
consider the cases of three business organizations which planned the 
construction of office buildings in a new business section of the city at the 
time the studies were made. Realizing that a large vacancy in office 
buildings might be expected during the succeeding few years, and that 
the trend of business movement was no longer in the direction of this 
newly developed area, one concern abandoned its project. The second 
went ahead with its original building plans, in spite of the unfavorable 
outlook indicated by the survey, and put up a structure of the type for 
which there was very little additional demand, suffering a severe loss. 
The third organization made a detailed statistical survey and found 
that there was a good market for a specialized medical building in a 
particular location, even though the general market for office building 
space was over-supplied.

Similar studies can help a t times in forecasting market values as well 
as demand. In Cleveland, for instance, the ratio of property values to 
annual wages and salaries paid doubled in the five years from 1919 to 
1924. Such a rate of increase obviously could not be sustained. A short 
time later values began to drop sharply and the rate of building activity 
began to fall. Another example is the situation in Washington in the late 
1920’s. When mortgage men decided not to advance further funds on the 
assumption that the city was over-built and that about 10  per cent of the
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houses were standing idle, a house-to-house survey was made which 
revealed a vacancy of about 2 |  per cent. As a result of this indication 
and further studies of demand, money was soon made available by the 
bankers. Supply was kept within the limits set by demand for the time 
being, and values remained relatively stable.

Major Classes of Methods.—From the foregoing discussion, the 
reader will appreciate that there are two major classes of methods 
involved in forecasting. The first may be designated historical analysis 
of past conditions, and the second may be designated cross-section analysis 
of current situations. Both classes are used in combination by all repu
table forecasters, but the emphasis placed upon each will vary.

In the first class, there are two outstanding theories. One is that 
when business is inflated or depressed, it tends to come back to normal; 
the other is that there are definite cyclical sequences between different 
types of business activity. The application of the first of these theories 
depends upon determining what constitutes normal activity and upon 
determining the significance of variations from this normal. One well- 
known application of the theory adapts the physical law that "for every 
action there is always an opposite and equal reaction” to economic 
analysis—that is, over any long period of time, a period of prosperity 
with a certain product of duration times intensity must eventually be 
balanced by a depression with an equal product of duration times 
intensity . 1 The second theory depends upon discovering cyclical 
sequences so that changes in certain classes of activity can be determined 
on the basis of how they follow or precede the movements of other classes. 
The sequence of events is then used in such a way that one type of series 
acts as a forecaster of those which occur later. The general tendency 
of the upturn in the prices of industrial stocks to precede the upturn of 
commodity prices, or the general tendency of the velocity of circulation 
of currency and bank credit to reach its highest point a few months before 
the decline in commodity prices and to reach its lowest level shortly before 
commodity prices start upward, are illustrations of relations tha t are 
used as bases for predictions according to this theory.

Cross-section analysis of current situations depends upon finding what 
important forces are operating in a particular situation, measuring the 
significance of each, and determining their net effect. The elements 
considered in a particular situation will vary as any specific situation is

1 I t  should be appreciated th a t, in adapting  this law to economic analysis, the 
analogy is no t a  perfect one. Action and reaction, as the terms are used in physics, 
are not necessarily subsequent in point of time, b u t the reaction m ay be cotem pora- 
neous w ith th e  action. If no t too literally applied, however, the analogy is undoubt
edly helpful in explaining the tendency of business to  deviate from and return  to 
normal.
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considered to be different from all others. New relations of supply to 
demand, new discoveries, new inventions, unusual attitudes, styles, and 
fads are representative of the factors to be analyzed.

The office-building forecast previously described was based upon a 
combination of historical analysis and cross-section analysis. The 
problem is a representative one, and illustrates how both types must be 
used in combination to secure practical results. Other illustrations of 
how the methods are used will be presented from time to time throughout 
the discussion. 1

Basic Indicators—Business Barometers.—Of great assistance in 
practical forecasting is information that can be used as an “ index” or 
“ indicator” of the basic conditions related to the industry. The term 
“ barometer” is also widely though loosely used in business statistics; 
sometimes the term is used to mean simply an indicator of the present 
economic situation, and sometimes it is used to designate an indicator 
of future conditions.

To illustrate the use of a statistical index or indicator, suppose that 
estimates made on the basis of probable crops show that farmers in 
eastern Nebraska should have 25 per cent less income this year than 
last, while farmers in eastern Iowa should have 50 per cent more. The 
manufacturer of agricultural implements can use such data as an indi
cator of market conditions, and he can have his salesmen concentrate 
on the eastern Iowa market, as far as these two areas are concerned. 
By using information secured from the United States Department of 
Agriculture, the state departments of agriculture, local farm bureaus, and 
from other sources, the manufacturer or other business man can analyze 
the probable farm income in different parts of the country in relation 
to his own particular business. Similar indicators in other lines of 
activity will be discussed from time to time throughout the chapter .2

Statistical indicators or barometers are usually presented as graphic 
charts, but they may also be presented in tabular or textual form.

Mathematical Projection.—Mathematical trends projected into the 
future often serve as valuable checks on other types of forecasts, espe
cially when the numbers are large. 3 An illustration of how future 
tendencies can be estimated by this method is furnished by a projection 
of automobile registrations which was made early in 1934. This pro j ection,

1 For a more detailed discussion of basic assum ptions and methods, see Charles O. 
H ardy and Garfield V. Cox, “ Forecasting Business Conditions,”  especially Chap. I l l ,  
The M acmillan Company, New York, 1927.

2 See also Lewis H. Haney, “ Business Forecasting,” Ginn and Company, Boston, 
1931, for other suggestions of business da ta  th a t  can be used in measuring and in 
forecasting activity.

3 See pp. 21 and 22 on the principles of statistical regularity  and large numbers.
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made to 1940, is presented graphically in Exhibit 176, together with a 
curve of the data for the period from 1912 to 1933 to which the basic 
curve was fitted. A curve of actual registrations for the period from 
1934 to 1937 has also been added to the chart in order that the accuracy 
of the projection as an indicator of future conditions may be checked. 
If a concern’s market is forecast on the above basis, it is obvious 
that it must be checked constantly with information which would 
indicate promptly, if possible, any changes or faults in the trend.

E x h ib it  176.—The norm al curve above was computed early  in 1934 on the  basis of 
1912 to 1933 da ta  and projected to 1940. This indicates how m athem atical projections 
m ay serve as an aid in forecasting. (The da ta  for the  period from 1934 to  1937 were later 
added to the  chart for comparison with the  projection.)

The value of projections of constant or changing rates of change is 
indicated in another instance in which a branch manager in a certain 
territory wished to move into larger quarters and increase his staff. 
After employing mathematical methods to determine not only the rate 
of increase of the firm’s sales, but also the rate of change in potential 
sale possibilities, it was found that the firm’s sales were increasing at 
about 2  per cent per year, while the total sales of that particular product 
were declining at the rate of 3 per cent per year. In other words, the 
company was securing an increasing percentage of a decreasing volume
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of business. Consequently, the office was not enlarged nor was the staff 
increased. 1

The Stock Market as a Forecaster.—The stock market has been quite 
generally considered to be a barometer or forecaster of business con
ditions. Its movements are said to indicate what is going to happen 
weeks and even months in advance. In view of this widespread belief, 
it is deemed advisable to point out some of the limitations of this indi
cator before proceeding farther, because it does not always forecast 
changes in general business. I t  reflects a combined condition based on 
business, money, speculative, psychological, and other situations; and 
the proportions of these factors vary widely from time to time. The 
stock-market situation is an excellent indicator of speculative conditions, 
but it should not be used alone as a forecaster of general business con
ditions. I t  is only one of the indexes that should be studied in analyzing 
the general business situation.

The prominence that is given to this indicator by some of the better 
forecasters sometimes confuses the business man and leads him to believe 
that more importance is attached to it than actually is the case. The 
supposed value of the stock market as an indicator of future business 
conditions is based upon the theory that stock speculators are quicker 
to sense the conditions that will lead to increases or decreases in earnings 
than most men in the general lines of trade and industry, and that for 
this reason they will forge ahead or hold back in advance of the actual 
changes in general business activity.

One of the principal difficulties, however, is that a large proportion 
of the stock speculators cannot be trusted to sense these conditions, and 
a boom or a slump may develop in the stock market which has 110 funda
mental counterpart in actual business. The great stock-market boom 
which reached its height in September 1929, for instance, was not followed 
by a similar period of inflation in business. And the abrupt stock-market 
decline of November 1929 was not accompanied by the same kind of a 
decline in business. This brings out the point that the stock market is 
only one of the indexes that should be watched, and that other indicators 
may qualify to a great extent the significance of the stock-market situa
tion. The recognized forecasting services always use other indicators in 
conjunction with the stock-market index when attempting to interpret its 
significance.

Analyzing and Forecasting General and Special Conditions.—In this 
discussion, forecasting will be considered both from (1 ) the point of view 
of common interest forecasting for the use of business men in general, and

1 See Ray B. Prescott, “ Knowing Next Y ear’s Increase in Advance,” Manufac
turing Industries, p. 53, July 1927.
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(2) the point of view of specific problems of individual concerns, lhe  
most extensive work in forecasting general business conditions is carried on 
by special service firms organized for the purpose. The best work in 
forecasting business conditions for individual concerns is ordinarily carried 
on within the concern’s own organization. Many of the larger banks, 
manufacturers, public utilities, and other business organizations have 
elaborate statistical departments for carrying on such work.

Harvard Review of Economic Statistics and Index Chart of General 
Economic Conditions.—As a background to the discussion of current

HARVARD INDEX OF GENERAL ECONOMIC C O N D ITIO N S

E x h i b i t  1 7 7 , — H arvard  M onthly Index C hart of economic conditions. In  th is chart, 
the tim e and direction of the m ajor swings are im portan t. The am plitudes of the  fluc
tuations m ay no t be significant unless analyzed in relation to  outside checks. (Courtesy, 
Review of Economic Statistics.)

Economic Services, a brief reference will be made to the work of the 
Harvard Review of Economic Statistics and the former Harvard Economic 
Society. Part of the work formerly carried on by the Harvard Economic 
Society has been continued by the Harvard University Department of 
Economics through the quarterly Review of Economic Statistics. Each 
issue contains articles of a statistical, historical, and theoretical nature 
dealing with problems of the business cycle. A feature of each issue is 
the review of economic developments in the United States during the 
preceding quarter together with a chart of the Harvard index of general 
economic conditions (see Exhibit 177). This article reviews and appraises 
developments of recent months, and while no forecasts of conditions are 
included, it serves as an aid to the user in making his own forecasts.

B U S I N E S S  FOR E CA ST IN G 377

The effort of the Harvard Economic Society represents one of the 
most thorough and painstaking statistical investigations of economic 
factors yet made by any forecasting agency. Although the sequence 
of events is similar to that formerly relied upon by The Brookmire Eco
nomic Service, the relations used in the Harvard studies were independ
ently arrived at and based upon statistical analyses much more extensive 
than were the earlier conclusions of other investigators.

In studying the cycles of different series, it was found that they fell 
into three groups. Curves representing these three groups from 1903 
to 1914 are shown in Exhibit 178. The first, or speculative group, con
sists of the yield of railroad bonds (reversed in sign), the price of industrial 
stocks, the price of railroad stocks, and New York bank clearings. The 
second, or business group, is composed of pig-iron production, bank clear-

and m oney th ird  during the period 1903 to 1914.

ings outside New York City, Bradstreet’s index of wholesale prices, and 
the Bureau of Labor Statistics index of wholesale prices. The third, or 
money group, consists of the rate on four- to six-months paper, the rate on 
60- to 90-day paper, loans of New York banks, and deposits of New York 
banks, the last two being reversed in sign.

The time relationships of these three groups (see Exhibit 178) were 
found to be as follows: (1) The major fluctuations of speculation antici
pated those of business by four to ten months. (2) Major fluctuations of 
business preceded those of banking by two to eight months.

The principles developed from these investigations may be applied 
to the Harvard Index Chart, but the interpretation of this chart is by 
no means a mechanical matter. Any forecasts that may be based upon 
the index of general business conditions must be supplemented by careful 
studies of data lying back of the index, and cross-section analyses must be 
made as an aid in interpreting the movements of the different curves.
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The curves, “ Speculation,” “ Business,” and “ M oney” on the 
Monthly Index Chart (see Exhibit 177) are now constituted somewhat 
differently from those used in the preliminary investigations, but the prin
ciples underlying their construction are the same. Each curve is a repre
sentative index based upon selected series, each of which, when it is 
appropriate, has been corrected for long-time trend and seasonal varia
tion. The resulting deviations from normal have been expressed in terms 
of standard deviations for the purpose of eliminating differences in the 
intensities of fluctuations. Curve A (Speculation) is based upon the 
price of all listed stocks. Curve B (Business) is based upon bank debits 
in 241 cities outside of New York City. Curve C (Money) is based upon 
short-time money rates. Although the Index Chart must be revised from 
time to time, the methods of interpreting it have not changed materially. 
The relationships of time, and the amplitude between the movements 
of the three curves provide an important, but not the only basis of making 
forecasts from this chart.

In interpreting the curves on the Index Chart, one must consider
( 1 ) the direction of the movements of each curve in relation to the move
ments of the other curves; (2 ) the direction of the immediately preceding 
movement; and (3) the magnitude of such movement. The rise or fall 
of the speculation curve tends to forecast a similar movement in the 
business curve, and the movement of the speculation curve is doubly 
significant if it is accompanied by an opposite movement of the money 
curve. If the speculation curve is rising while the money curve is falling, 
one should ordinarily expect an advance in business in ten to twelve 
months. If the speculation curve is declining while the money curve is 
rising, a business depression should be expected in approximately six to 
ten months. I t  should be appreciated that the general trends of the 
curves, and not their monthly fluctuations, are significant, and also, 
that the magnitudes of their fluctuations are much less important than 
the direction and persistence of the movements. Furthermore, on the 
basis of other data and analyses, careful checks must be made to see if 
the relations between the series are being disturbed, and the interpreta
tions must be made accordingly. Such checks have been especially 
important during the past few years.

Since the Harvard Index Chart has been subject to much misunder
standing, it is believed well to emphasize that the interpretation of this 
chart is much more than a mechanical matter. Analyses must be made 
of the economic factors lying back of the curves on the chart. Forecasts 
have required, for instance, consideration of such factors as the federal 
Reserve policy, unprecedented gold imports, the large volume of available 
credit coincident with high money rates, the effects on commodity prices of 
the return of European countries to the gold basis, and the significance
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of declining commodity prices and hand-to-mouth buying during periods 
of prosperous business. The relationship between the curves is not fixed, 
but depends upon the effects of such factors.

The work of the forecasting services in forecasting conditions for 
business men in general will now be discussed.

Forecasting Services.—A number of institutions have been established 
and developed, which not only gather and furnish statistical information, 
but which also make intensive analyses of economic data and forecast the 
changes in business conditions. These services are very valuable to the 
small business concern, since it cannot afford to carry on extensive 
research work, and must do without such analyses unless it can secure 
them from outside sources. And they are of even greater value to the 
large organization which has its own statistical department to interpret 
and apply the services’ reports to its specific line of business. Among 
the more important professional services which make business forecasts 
are:

The Brookmire Economic Service, published by The Brookmire Bulletins,
Inc., New York.

Babson’s Reports, published by Babson’s Statistical Organization, Wellesley 
Hills, M assachusetts.

The Standard  T rade and Securities Service, published by S tandard Statistics 
Company, Inc., New York.

M oody’s Investors Service, published by M oody’s Investors Service, New 
York.

The Real E sta te  Analyst, published by Real E sta te  Analysts, Inc., St. Louis.
The U nited Business Service, published by The U nited Business Service, 

Boston.

The purpose of the present discussion is to describe the scope and 
methods of the preceding services so that the reader will appreciate the 
possibilities in their use, and so that he will be sufficiently familiar with 
them to remember them later on in connection with the practical business 
problems that he may have to solve. In judging the relative merits 
of these and other services, the reader should appreciate that forecasting 
work must not be rated on the basis of successful predictions alone, for 
there may be a considerable amount of guessing correctly by accident, the 
significance of an indicator may vary, and personnel may change. Conse
quently, in selecting an economic or statistical service, it is important to 
observe whether or not the methods that are used are fundamentally 
sound.

In addition to the preceding services, references will also be made to 
the forecasting work of bank letters, financial magazines, and local eco
nomic services.

The Brookmire Economic Service.—The Brookmire Economic Serv
ice, which was one of the pioneers in business forecasting, makes a
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wide range of practical economic analyses for both the business man and 
the investor. I t  not only forecasts conditions for specific activities, but 
it gives detailed advice on the action tha t should be taken.

The scope of The Brookmire Economic Service is indicated by the 
following descriptive list of bulletins: The Brookmire Forecaster, published 
monthly, which discusses developments and the future probabilities in 
general business activity; The Brookmire Purchaser, published monthly, 
which analyzes commodity prices and purchasing problems in general, and 
which gives definite buying advice for basic commodities; The Brookmire 
Income Map (monthly), which forecasts consumer purchasing power by 
cities, states, and industries; The Brookmire Counselor (weekly) and The 
Brookmire Analyst (monthly), which analyze investment conditions, 
recommend specific purchases, and advise sales when necessary; The 
Brookmire Investor (bimonthly), which analyzes and recommends bonds 
and preferred stocks; and a list of special reports, which are furnished to 
interested clients. 1 The service also furnishes assistance in conference or 
by mail in solving the purchasing, financial, marketing, or other business 
problems of the client, as well as assistance in solving investment 
problems.

In The Brookmire Service’s forecasting, emphasis is placed upon cross- 
section analysis of the situation at any particular time, as each situation 
is considered to be a special combination of factors. New factors appear, 
old ones disappear, and their relative importance changes. This empha
sizes the difficulty of setting up a rigid index tha t will always be repre
sentative. The Brookmire Service does not base its forecasts upon a 
rigid index or predetermined set of factors, but proceeds on the theory 
that the major forces which control the situation at any particular time 
must be discovered, analyzed, and appraised in relation to the particular 
set of circumstances. The statistical series used are changed from time 
to time. Thus, if the Brookmire analysts were forecasting the trend 
of business in the later ’eighties and early ’nineties, they would watch 
the traffic and earnings of the western railroads; the miles of new railway 
track laid; the acreage brought under cultivation each year; the crop 
reports; the exports of wheat, livestock, livestock products, and cot
ton; the building of refrigerator cars (one of the new inventions of that 
time); the coinage of silver dollars; and, of course, the national bank 
statements. During the period since 1920, they have watched gold 
imports and exports, building contracts, motor-car output and registra
tion, steel activity, exchange rates, money rates and commodity prices in 
foreign countries, Federal Reserve statements, and industrial-employ- 
ment reports.

1 The annual fee for the bulletin service is $120 annually.
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The Brookmire Service carefully distinguishes between basic trends, 
seasonal variations, and business cycles in connection with its studies of 
the business outlook. Trends are analyzed in relation to growth in 
population, accumulation of capital, progressive improvements in tech
nology, exploitation from time to time of hitherto unused resources, 
shifting of population from extractive to urban industries with the attend
ant increase in interchange of goods, and other important economic 
factors.

In order that the composite long-time growth may be understood, 
business activity is broken down into many parts, and the trends of 
individual industries and activities are studied separately. Rates of 
growth in new industries are not the same as and do not have the same 
significance as the trends in the older and more seasoned industries. The 
typical growth of an industry is characterized by small gains at first, then 
a period of very rapid expansion followed by a. flattening and perhaps 
eventually a decline. The motor industry, for instance, is considered to 
have become a mature, rather slow-growing industry, although—owing 
to the character of its product—it is still subject to sharp cyclical fluctua
tions. Steel production and department store merchandising are other 
examples of mature activities. Businesses in the rapid growth stage 
at present are exemplified by aeroplane and radio manufacture. Indus
tries in the declining stage are represented by lumber, which has been 
receding over twenty years, and the domestic newsprint industry, which 
has passed its zenith in the last few years. I t  is only after the different 
factors which are reasonably homogeneous in themselves have been 
analyzed, that The Brookmire Service arrives a t its opinion of the com
posite basic trend.

In analyzing cycles, The Brookmire Service also breaks down a partic
ular situation into its factors. The service recognizes that there are a 
great many intricately effective forces, and that not all of them are dis
coverable by any certain method. They vary in intensity, and they wane 
and die out. Predominant forces ol one cycle may play a minor role 
in the next. This service considers the business cycle a permanent and 
unavoidable phenomenon for the simple reason “ that human beings 
will never be able to make any set of economic machinery operate 
smoothly at all times.” I t points out that periods of prosperity will 
always generate weaknesses, abuses, extravagance, overspeculation, graft, 
and despoliation, and that periods of depression will see these evils abated 
and foundations laid lor new advances. While The Brookmire Service 
clearly recognizes that, direct active causes of a business expansion and 
subsequent decline baffle complete analysis, yet it finds that three influ
ences stand out as dominating the major cycles of the past. These 
are:
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1. Unusual accretions to the monetary gold stock.
2. Opening up of vast new resources.
3. Epochal improvements in industrial or financial technique.
Seasonal fluctuations are carefully considered from the point of view

that in general business forecasting they are chiefly of interest in order 
that they may be “ eliminated.” I t  is important to be able to say whether 
a spring rise or a midwinter lull is merely seasonal, or more or less than 
seasonal.

In order to indicate the present and past composite business situa
tions, The Brookmire Panorama Chart (see Exhibit 179) is presented 
regularly in the Forecaster. This index is based on a combination of 
copper production, pig-iron production, steel-ingot production, construc
tion activity, cotton consumption, car loadings, department store sales, 
and other representative series. While this index helps in determining 
the position of business in the cycle, it is, however, in no sense a fore
casting curve, and is simply an indicator of past and present conditions. 
The changes that are expected to take place in the future are determined 
by the cross-section analyses previously discussed.

Babson’s Reports.—One of the oldest and most widely known of 
the business forecasting services is Babson’s Reports. This service is 
easy to understand, and it has probably caused more business men to 
make cyclical analyses of economic conditions than any other single 
institution.

The scope of the Babson service is indicated by the following descrip
tive list of bulletins: the Babsonchart and Barometer Letter (weekly), 
which analyze and forecast the general business situation; the Graphic 
Outlook (monthly), which indicates changes in the major lines of business; 
the Management Supplement (monthly), which furnishes current informa
tion on management problems and labor conditions; the Commodity 
Bulletin (monthly), which includes forecasts for the major lines of com
modities and makes specific purchasing recommendations; the Sales 
Bulletin (monthly), which furnishes information indicative of sales oppor
tunities; the Sales and Credit Map (monthly), which indicates the sales 
and credit outlook by states and cities for various lines of activity; the 
Financial Supplement (biweekly), which analyzes the security situation 
and makes specific recommendations as to what to buy and sell; business 
supplements on problems of special interest; and regular monthly reports 
on Canadian business conditions. In addition, the organization issues 
various other special reports, including confidential releases and special 
opinions on investments. 1

1 The annual subscription rates are as follows: for the business service, $120; for 
the supervised investm ent service, $120; for the special com m odity service, $48; and 
for the complete combined service, $170.
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In its forecasting work, this organization places considerable reliance 
upon the assumption that the law of action and reaction applies to eco
nomics and human relations, en masse, as it applies to mechanics—that 
is, that to every action there is always an opposite and equal reaction 
in business activity as truly as in the realm of physics. This assumption 
is graphically shown by the Babsonchart (Exhibit 180), on which the 
areas above the trend line approximately equal the areas below. Under 
this area theory, a long, mild period of prosperity might be offset by a 
deep, short depression as well as by a long, mild depression, but the areas 
should be approximately equal.

The Babsonchart of United States Business Conditions was especially 
prepared to present a measure of the actual physical volume of business 
activity on a monthly basis over a sufficiently long period of time to show 
the growth factor and also to make possible important comparisons 
between current and earlier periods. I t  was prepared with the objective 
of indicating changes in the nation’s real (as against money) income. 
The business index comprises 54 series in 7 groups as follows: (1) Manufac
tures (flour production; sugar refining; creamery butter; cattle, hogs, and 
sheep slaughtered; cotton, wool, and silk textiles; shoes; tires; tobacco; 
cement; automobiles; coke; gasoline; fuel oil; pig iron; steel; paper; news 
print consumption; and newspaper and magazine advertising). (2) Min
eral production (coal, petroleum, natural gas, iron ore, copper, lead, and 
zinc). (3) Agricultural marketings (receipts of cotton, grain, livestock, 
poultry, and eggs; and carloadings of apples, oranges, and potatoes). (4) 
Building and construction. (5) Railway freight. (6 ) Electric power. 
(7) Foreign trade.

Since 1921, all series are in terms of physical volume with two excep
tions—public works construction and foreign trade, for which no satis
factory quantity series are available. In the case of construction, a 
specially computed monthly cost index is used to convert the dollar data 
to an index of physical volume. In cases of industries that did not work 
365 days a year, adjustments were made as far as possible for the working- 
day irregularities by compiling the series on the basis of average daily 
output.

The original monthly series were individually adjusted for seasonal 
variation by seasonal indexes determined on a 7-year moving basis. 
Ratios were computed of each month to the 12-month average in which it 
centers. Arranging these ratios according to months, the arithmetic 
mean of the middle three ratios for the respective months in each 7-year 
period was used as the seasonal index for that month in the middle of the 
period.

The basic formula used in computing the index is Fisher’s “ Ideal 
Formula.” Arbitrary weightings of the individual series have been
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avoided wherever possible. The totals, however, have been weighted 
according to the value added by manufacture as indicated by Federal 
census figures. The monthly figures can be compared with the 1923-1927 
base by means of the scale on the left of the chart. The scale on the 
right is for the current business index only and expresses it as a percentage 
from normal, the current position of the X -Y  line being 0 .

The long-time trend or X -Y  line is not eliminated from the Babson 
index, but is left in to represent the country’s net gain or growth. In 
the chart of Exhibit 180, the X -Y  line, being on a logarithmic scale, 
indicates a decreasing rate in the long-time growth. (It is of interest 
to compare the position of this trend relative to the cycles, especially 
during the last major depression, with the position of the normals in 
Exhibits 179 and 181, and also in Exhibit 158 on page 331.)

In its forecasting, the Babson organization considers that the size 
of a prosperity area tends to forecast the size, though not the shape, oi the 
depression area which is to follow. An area of depression, however, does 
not indicate the size of the following prosperity area. The area curve 
does not indicate when a prosperity period will end, but it does help in 
determining the degree of inflation.

While the area index is used by the Babson organization as its basic 
forecasting device, it uses many other indicators in conjunction with this 
index in making its forecasts. Special emphasis is placed upon studying 
stock prices, bond yields, and commodity prices in relation to the area 
index. These series are included on the Babsonchart. The high points 
of the stock market have been found to come in the early part of the over
expansion areas, and the low points have been found to come in the 
early part of the depression areas. Low money rates and high bond 
prices have usually (but not always) occurred at about the end of the 
depression areas, and high money rates and low bond prices at about 
the end of the overexpansion areas. The major swings ol money rates 
sometimes modify the money and security relationships in the area 
movements. Consequently, when studying prices of stocks, their yield 
in relation to interest rates and bond yields are studied along with the 
shaded areas of the Babsonchart. Each industry is analyzed not only in 
relation to the areas indicating general business conditions, but also in 
relation to certain other specific factors applicable in that particular 
industry. Careful consideration is also given to commodity prices and 
merchandise sales in connection with the Babsonchart areas. The com
modity index curve on the chart shows this relationship.

In addition to the foregoing historical analyses, the Babson organiza
tion makes detailed cross-section analyses of current conditions in the 
various lines of activity. Since neither the intensity nor duration of a 
period of prosperity can be foretold by the size of the preceding area of
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depression, less emphasis is placed upon the area chart during such a 
prosperity area and more is placed upon the sequence in movements of 
different classes of activities and on cross-section analyses of current 
conditions in the different industries.

The Standard Trade and Securities Service.—Although the organiza
tion now known as the Standard Statistics Company has been in the 
business of collecting and analyzing statistics since 1906, it was not 
until 1921 that it undertook the task of business forecasting. I t has 
been one of the most successful of the major services in forecasting busi
ness conditions. 1 The company has about 35 business and investment 
services in all. The one that is of greatest interest in connection with 
forecasting general business conditions is the Standard Trade and Secu
rities Service.

I he Standard Irade and Securities Service analyzes and forecasts 
business and financial conditions and security price trends. It includes 
the following weekly and monthly bulletins: (1 ) The Business Prospect, 
which is designed to keep the business man abreast of current business 
developments and prospects, and to provide a background analysis of the 
trends of volumes of production, prices, wages, taxes, legislation, and other 
business factors; (2 ) Outlook For The Security Markets, which provides a 
concise expression of the broad market policy currently advised, together 
with specific investment suggestions; (3) current and basic industrial 
surveys of about 40 major industries and the leading companies in each; 
(4) the monthly market ratings bulletin which provides the subscriber 
with an up-to-date opinion at all times of the relative market attractive
ness of several thousand stocks and bonds; (5 ) the stock earnings guide 
which provides facilities for quick reference to facts regarding earnings, 
financial position, and dividend and price records of every important 
common or preferred stock; (6 ) statistical bulletins (Basic Statistics) 
which provide complete and up-to-date statistics on prices, production, 
employment, credit volume, new financing, bank debits, foreign traded 
etc., with long-term comparisons; (7) special surveys which are issued as 
the occasion warrants and present the results of extensive research under
takings upon which the staff is constantly engaged, including economic 
analyses and forecasts covering a wide range of topics; and (8) indexes 
which are provided for the purpose of facilitating reference to the analyses 
and forecasts presented in the various bulletins. Subscribers to this 
service are privileged to call upon the company to a reasonable extent 
for advice upon their investments and upon their financial business 
problems. 2

' See Garfield V. Cox, “ An Appraisal of American Business Forecasts,” revised 
edition, The University of Chicago Press, 1930.

a The subscription rate is $210 per year for the complete service.
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The reports of the Standard Statistics Company indicate that two 
general principles predominate in making the forecasts published in the 
Standard Trade and Securities Service. “ One is that the company does 
not commit itself to a single fixed system as the basis of its general fore
cast; the other is that it is giving progressively less attention to evidences 
of rhythm in general business activity and more to the analyses of each 
situation as a new one. ” 1 I t  is held that the conditions in all major 
business swings are different, and that these constantly changing condi
tions, rather than theoretical expectancies, should be given the greatest 
consideration.

Although the Standard forecasts are based upon many factors, no 
factor appears to have been given greater weight than the condition oi 
the credit supply. When “ A New Indicator of Stock M arket and Busi
ness Activity” was announced in 1921, it was accompanied by a statement 
that “ thirty  years of charted experience demonstrates beyond reasonable 
doubt that a condition of plentiful credit invariably precedes every 
upward movement in stock-market and general business volume; and 
that credit stringency is the unfailing precursor of every great downward 
swing in security prices and business activity.” This indicator consisted 
of three curves showing the major swings of the credit supply, stock 
prices, and business activity. The credit curve was considered to be an 
indicator of later movements in the other curves. The movements were 
reflected first in the curve for stock prices, and still later in the curve 
for general business. Fundamentally, this indicator resembled somewhat 
the Harvard Index Chart and the former United States Barometer Chart 
of the Brookmire service. This barometer of the Standard Service was 
discontinued in 1923 as it was found that it did not adequately forecast 
minor industrial cycles, but the service still holds that ordinarily a major 
depression should not be expected so long as there is an ample supply of 
bank credit readily available for commercial and industrial use.

Although the Standard Service has given the attention indicated 
above to historical comparison, it places its chief reliance on cross-section 
analyses of current situations. For instance, “ in May 1923, when busi
ness activity showed signs of weakening, the service arrayed on one side 
the causal forces which it held responsible for the lull, and on the other, the 
fundamental elements of strength in the situation, and decided that 
the business recession would be mild and temporary. Among the factors 
most often given consideration in these studies are stocks of goods on 
hand, prospects for yields and prices of crops, foreign demand, employ
ment, prospects for building construction, and business sentiment.

1 H a r d y , C h a r l e s  O., and G a r f i e l d  V. Cox, “ Forecasting Business C onditions,” 
p. 108, The Macmillan Company, New York, 1927.

2 Ibid., p. 116.
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These cross-section analyses of the outlook are usually made for each of 
some 42 separate lines of business activity, and the forecasts of general 
business are built up as a composite from these forecasts of individual 
industries. In emphasizing the importance of this procedure, the service 
has stated that: “ Every period of prosperity differs in its fundamental 
characteristics. Prosperity is never a uniform, but always a zig-zagged 
uneven phenomenon, affecting various industries in varying degrees at 
different times. The task of those who would properly appraise business 
conditions at any time is to learn what individual industries are the 
princes and what ones are the paupers—and to understand why.”

Standard’s Index of Industrial Production
Corrected for Seasonal Variation, but 
not for Secular Trend. In Relatives,

Average Month, 1926=100

E x h ib it  181.— One of the m any charts used by the  S tandard  Statistics C om pany in its
forecasting work.

One of the graphic devices used by the Standard Service is its 
index of industrial production (Exhibit 181), but this is not in itself a 
mechanical forecaster. The course of this curve is predicted on the basis 
of analyses of the current factors which influence each of its components. 
The accuracy of the service’s forecasts depends upon how well the com
ponent forces are identified, measured, weighted, and interpreted.

finally, it should be noted that the Standard Service insists that 
there is no scientific basis for forecasting business conditions very far 
into the future. I t  seldom forecasts farther than several months, and 
there are times when it frankly declines to make general forecasts.

Moody’s Investors Service.—Though primarily an organization 
devoted to the analysis of securities, Moody’s Investors Service is one
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of the leaders in analyzing business conditions. This service does not 
rely on any fixed mathematical forecasting device or formula. Although 
there may be some uncertainty, due to the freedom of determining at a 
given moment what factors in the situation are the most powerful and 
the most likely to bring about a change, the Moody organization feels, 
after many years of trying to perfect a set of forecasting indexes, that the 
selection of the components of any barometer involves just as much 
uncertainty and chance of error.

Moody’s Index of 
M O NTHLY B U SIN ESS A CTIV ITY

( 1 9 2 3 - 2 5 = 1 0 0 )

E x h i b i t  1 8 2 ,— The above index is published in tabu lar and graphic form in the  “ Business 
Review and O utlook” le tter of M oody’s Investors Service.

The main body of information used by Moody’s Investors Service in 
appraising the business outlook comes from its wide contacts with indus
try, trade, finance, and other lines of business. The studies made ol the 
positions of individual industries and companies, with their activities, 
plans, and possibilities, bring the Moody analysts into contact with a 
great many elements, the composite of which is largely responsible for 
making what is called “ general business conditions.” The cross-section 
analysis of these varying elements at a given time constitutes the principal 
basis of Moody’s predictions of business conditions.

When making the various cross-section studies, “ the theory which 
seems to be most influential in shaping the character of Moody’s fore
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casting analyses is that the course taken by business activity is deter
mined by business men’s anticipations of profits. The basic question 
to which Moody’s seeks the answer is not how the present rate of activity 
compares with some computed normal, nor whether a given statistical 
barometer has turned downward or upward, but whether in the eyes of 
business men the prospects for profits are growing darker or brighter. 
This practice of taking the enterpriser’s viewpoint and of regarding 
profit prospects as an important clue to business fluctuations accords 
with the views of a number of the most eminent students of business 
cycles.” 1

One of the published statistical devices used by Moody’s Service in 
analyzing the business outlook is Moody’s Index of Monthly Business 
Activity (see Exhibit 182). This index is a weighted average of bank 
debits outside New York City, automobile production, building contracts 
awarded, railroad carloadings, department store sales, electric power 
consumed in industry, and steel production. Moody’s Service also 
compiles a weekly index of business activity which is an unweighted 
composite of seasonally adjusted carloadings, electric power output, and 
steel operations. The principal value of these indexes is that they help 
in detecting inflation and deflation in general business whenever it rises or 
falls below certain levels. They are not used, however, as mechanical 
forecasting devices, but merely as indicators of one of the many factors 
that must be considered at a given time in analyzing the outlook.

The Real Estate Analyst,—A very valuable aid in analyzing real 
estate conditions is the economic service known as the Real Estate Analyst, 
published by Real Estate Analysts, Inc., at St. Louis. This service is 
devoted exclusively to the measurement, analysis and forecasting of real 
estate and construction activity. I t  includes a number of monthly and 
special bulletins on the latest developments in real estate, and on current 
construction, agriculture, taxation, and other conditions in relation to the 
real estate situation. All analyses and forecasts are presented clearly and 
concisely in textual, tabular, and graphic form in such a manner that 
they can be easily understood by the business man and used for such 
purposes as closing sales with prospects who have some appreciation of 
economic analyses. The service includes an index of real estate activity 
which extends back to 1795. A curve of this index since 1800 which shows 
eight great cycles of real estate activity averaging 18 years in length is pre
sented in Exhibit 207, page 533, in the chapter on Real Estate Analysis.

The United Business Service.—A service which is compact in form 
and very convenient in practical use is The United Business Service. 
“ Forecasts and opinions are based on a weighted average of ‘United

‘ See Garfield V. Cox, “ An Appraisal of American Business Forecasts,” revised 
edition, p. 66, The University of Chicago Press, 1930.
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Opinion’ as expressed by such authorities as Alexander Hamilton, Babson, 
Brookmire, Ayres, Gartley, Gibson, Investors Research, Kiplinger, 
Poors, etc.” The Service uses an index chart of business conditions which 
is called “ The United Business Thermometer.” This index is similar to 
the curve in Exhibit 181 when adjusted for trend but it is independently 
computed to represent average conditions.

Minor Importance to Economic Services of Rigid Devices and Sys
tems.—In the preceding discussion of economic and statistical services, it. 
was pointed out that the forecasts of these services depend principally 
upon the application of good judgment in analyzing the probable effects 
of many and various factors. Because of the fact that considerable space 
was given to describing a number of somewhat rigid devices, it is believed 
well to emphasize the point that, valuable as these devices may be when 
properly used, the approaches which might be characterized as rigid 
or mechanical play only a minor part, as a rule, in the forecasting work. 
In other words, these services do not depend to any great extent upon any 
mechanical system or, in fact, upon any definite system at all.

All of the services mentioned attach considerable importance to 
contacts with bankers, manufacturers, merchants, and other business 
men. Babson’s Statistical Organization has a well-developed system 
of contacts with various financial, industrial, commercial, and othex 
groups. The Standard Statistics Company maintains a field force of 
considerable size for the purpose of keeping in touch with developments 
in various sections of the country. Moody’s Investors Service frequently 
sends men out from the home office to accomplish the same general pur
pose. The Brookmire Economic Service also keeps in close touch with 
business developments through its contacts with the different groups of 
business men. This emphasis on contacts indicates the importance oi 
other than statistical procedures or even numerical information in fore
casting business conditions.

Bank Letters’ Forecasts.—In connection with this discussion of 
forecasting services, mention should be made of the monthly letters 
published by the leading banks. Some of these letters evidence very 
good forecasting work. Two of the outstanding letters of the country 
are Economic Conditions published by the National City Bank ot New 
York and the Business Bulletin published by the Cleveland Trust Com
pany. Both of these letters are furnished gratis to those who are inter
ested. In neither of these reports is as much emphasis placed upon 
forecasting as in the services previously mentioned, but both letters 
present and appraise the favorable and unfavorable factors in each current 
situation, and, after analyzing the relative strength of the opposing 
elements, indicate the outlook in a straightforward, practical manner, 
which is’ readily understood by intelligent business executives. One
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outstanding advantage that the larger banks in the country have over 
private forecasting agencies is that, because of their direct confidential 
relationships with business firms, they undoubtedly have more real 
inside information on the actual conditions and the probable activities 
of the important industries than is possible on the part of any other type 
of institution.

Financial Magazines.—The better financial magazines and trade 
papers also furnish reliable analyses of the business outlook. Such 
magazines as the Commercial and Financial Chronicle, Dun’s Review, 
Barron’s, and The Annalist are among the publications that should not 
be overlooked. The Annalist weekly article on “ The Business Outlook” 
is a compact, impartial, and clear-minded analysis of the economic situa
tion. The Annalist Index of Business Activity and the New York Times 
Weekly Index, both of which are features of The Annalist, are widely 
accepted and used by business men. An especially valuable feature of 
The Annalist monthly index is that the different series composing the 
index are also presented separately with their relative weights. This 
enables the user of the major index to make better applications to his own 
business. When, in the early part of 1931, for instance, the index was 
dropping to new low points for the current depression, the user could see 
the heavy influence of the drastic decline of automobile production by 
referring to the automobile component.

Local Business Forecasting.—The national indexes of general busi
ness just described represent an average of conditions that are widely 
scattered, both geographically and industrially. It is an obvious fact, 
however, as pointed out in connection with Exhibit 173, that conditions 
in specific localities may vary widely from the average. And if a concern 
having a national market wishes to take advantage of economic condi
tions, it must know these individual situations by specific localities. 
Several of the national economic services have made a special effort to 
furnish this information in a limited way. If more complete information 
is wanted, intensive first-hand studies must be made in the locality by 
qualified investigators, and ample opportunity must be given to make 
first-hand cross-section analyses of the many and varying special factors 
that so often greatly influence the interpretation of the more readily 
available indexes. To meet this requirement, there has been a consider
able development of local statistical analysis work which is published in 
the form of local economic service bulletins, bank letters, and university 
bulletins, or furnished as special reports by consulting firms Such 
information is also published by local newspapers and in the promotional 
literature of private concerns and civic organizations.

One of the most valuable economic services for use in analyzing local 
conditions is The Real Estate Analyst mentioned on page 391. This
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service not only gives specific information on local real estate and con
struction conditions in most of the large cities and important regional 
areas of the United States, but analyzes many fundamental characteristics 
which the business man can apply in studying his own relationships to 
local real estate and construction activity or to conditions which are 
dependent upon these types of activity.

Necessity for Analyzing Industries Separately.—Not only should 
conditions sometimes be analyzed by specific localities, but they should 
also be analyzed by separate industries for the reason that certain indus
tries do not follow general business activity in a consistent manner. I t  
has been established that price-movement curves for agricultural prod
ucts, industries manufacturing food products, and the stone, clay, and 
glass-manufacturing group do not correspond to the curves ol general 
prices and general business conditions. On the other hand, it has been 
found that price indexes for mining, and for manufactures of iron and 
steel, leather, chemicals, and textiles show cyclical swings that correspond 
to the cyclical swings of business. Businesses in the industries first 
named will therefore need to rely upon crop and trade forecasts and 
reports upon the products which they use. Companies in the last- 
named industries can use studies of general economic conditions to a 
much greater extent in estimating the external business forces which will 
affect sales. 1 And businesses which follow the long swings of real estate 
and building (see Exhibit 207, page 533) require a still different type of 
analysis.

Applying Economic Service Forecasts.—It is obvious Irom the fore
going brief discussion that the economic and statistical services mentioned 
provide the business executive with statistical analyses of the outlook 
at a cost which is relatively low, as compared with what it would cost, 
him to make these studies in his own organization. As previously indi
cated, if the concern is small, it may be impractical to use other statistical 
analyses of economic conditions. If it is large enough to have its own 
statistical department, it may use these services as aids in its own fore
casting work.

In using economic services in business, it is of the utmost importance 
that the executive appreciate their limitations. At the outset, he should 
appreciate that it is the purpose of economic and statistical services to 
help the business man make better analyses of future conditions than 
he could without them. Even when they give definite advice as to what 
to do, the business man must qualify the suggested acts in relation to 
his own business. In applying the forecasts he should realize that, 
while they will not always be right, the fact that they are right most of

1 Based on studies of W arren M. Persons.
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the time will enable him to improve his own estimates of the future. 
For the reason that these services do not always agree regarding the 
outlook, and regarding the factors which cause a certain situation, it is 
often desirable to follow more than one service and many organizations 
subscribe to several.

In making the best practical use of economic services, the executive 
should appreciate the fact that the best business forecasting is subject 
to many limitations. The date that a depression will begin ordinarily 
cannot be forecast closer than from six to nine months, nor can the depth 
and length of a depression be closely predicted. Likewise, the time of the 
beginning of a period of prosperity cannot be foretold with certainty, 
nor can its height and duration be determined in advance. In spite of 
these limitations, however, the executive finds the economic service 
reports of great value in planning his operations and in determining his 
policies. Even if the precise moment of decline or improvement cannot 
be predicted, it is highly important to know when the conditions requisite 
for a change in the situation have been fulfilled.

As pointed out previously, none of the reliable economic services 
depends solely upon mechanical forecasting devices, and the tendency 
is to place more and more emphasis upon cross-section analyses of factors 
responsible for future business changes. Conclusions from historical 
sequences cannot be used alone. Even if certain sequences have been 
observed to occur with rigid regularity over a considerable period of 
time, one cannot be sure that conditions will not change and tha t the 
significance of the indicator will not also change. No one feels this lack 
of confidence in rigid mechanical forecasters more than the practical 
business executive. In using the forecasts, he must be able to visualize 
causes and effects as clearly as possible, and check them with his own 
judgment, if he is to make intelligent applications.

Ordinarily the business man will not and should not rely upon a fore
cast, unless he can understand the reasons for the probable occurrences. 
For this reason, the economic services’ causal analyses are carefully 
described and presented along with their forecasts so that the executive 
can make the proper qualifications in applying the forecasts in his own 
business. The business man must continuously forecast conditions in 
his own firm, whether or not he makes a systematic effort to do so, and 
the clearer and easier the economic service forecasts are to understand, 
the more readily he can apply them in improving his own plans for the 
future.

More specific uses of economic services are illustrated by the applica
tions made by the Walworth Manufacturing Company.

An Illustration of the Practical Use of an Economic Service.—This 
illustration has been selected not only because it shows how a business
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concern made a definite use of a forecasting service, but also because it 
shows how the experience gained was used in developing improved meth
ods of forecasting the concern’s own particular conditions.

To compare statistically one company’s business with general business 
activity as a whole, obviously each will have to be measured or expressed 
in comparable terms. The usual statistical processes of determining and 
eliminating trend and seasonal variation may have to be applied. If the 
general business curves published by economic or statistical services 
are plotted in terms of standard deviations from normal, the sales of

E x h ib it  183.— In  m aking use of the  H arvard  Economic Service, the  W alworth M anu
facturing Com pany found a close relation between the  H arvard  Business Curve and the 
Com pany’s sales.

the individual business concern over a similar period of years ordinarily 
should be reduced to these terms also to obtain a strictly comparable 
curve, although rough comparisons can usually be made without making 
such computations.

When the statistical section of the Walworth Manufacturing Com
pany was inaugurated during the depression of 1921, it was thought at 
first that the principal problem was simply that of finding out where the 
Walworth business stood with relation to general business. 1 Accordingly, 
the Walworth sales were reduced to the proper terms and a comparison 
was made with the Harvard “ Business” curve. The close relation for the

1 The W alw orth M anufacturing Com pany, w ith  headquarters a t  Boston, has 
several factories for producing valves, fittings, and accessories for steam, w ater, gas,
oil, and air piping systems. This ou tpu t, together w ith some purchased item s, is 
m arketed through jobbers and branches. The inform ation on the use of the H arvard 
Economic Service by the W alworth M anufacturing Company in 1921 was published 
in an article by the com pany’s President, Howard Coonley, in the Harvard Business 
Review, Vol. I, pp. 387-391.
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period from 1903 to 1914 is shown in Exhibit 183. This study indicated 
that the Walworth Manufacturing Company not only had a business 
cycle of its own, but that its cycle had a definite measurable relation to 
that of general business. The company was, therefore, in a position 
to use, in a very tangible way, the forecasts which were made by the 
economic services. That is, the study indicated that the forecasts of 
the economic services might be taken as general forecasts of the Walworth 
Company’s business.

In the summer of 1921 the Walworth Company had its first oppor
tunity to make use of its discovery. At that time, the Harvard B  curve 
gave definite assurance that general business was scheduled for an 
advance. Even when the company was not previously prepared, its 
record showed that it was following closely the major movements in 
general business (see years 1919 to 1921 in Exhibit 183). Accordingly, 
the company set about to prepare to take advantage of the cyclical 
changes in business conditions.

Since making the relatively simple analyses in 1921, the Walworth 
Company has developed a detailed specialized system of its own, which 
is more satisfactory for its own particular line of business. The point 
has been made, however, that the experience gained in making definite 
applications of the economic service forecasts was of considerable value 
to the company initially in developing its own forecasting system. The 
relation between the Harvard B  curve and Walworth sales is still reason
ably close, but the company now uses the economic services only as 
general aids in making its forecasts.

In its forecasting work, the Walworth Company uses a number of 
carefully developed statistical devices. Obviously, a detailed discussion 
of the methods used in developing such devices would require much 
more space than can be devoted to it in this text, and the reader must be 
referred to the more specialized articles and books for a complete descrip
tion. One of the most important of these statistical devices, however, 
the Valve and Fittings Index, will be discussed briefly for the purpose of 
indicating how these devices are developed and applied . 1

The Walworth Manufacturing Company’s Valve and Fittings Index.— 
When the Walworth Manufacturing Company decided to take advantage

1 This discussion of the  W alw orth Valve and F ittings Index is based upon inform a
tion furnished by Joseph H. Barber, Assistant to  the President and Chief Statistician, 
W alworth M anufacturing Company. M uch use has been made of his published 
m aterial, especially “ Scientific Approach to  Forecasting in the Valve and Fittings 
Industry ,” a paper presented a t the  In s titu te  of M anagem ent held in Chicago, 
November 12, 1928, and articles and books on the subject published through The 
Ronald Press Company, New York. For detailed explanation of the m ethods used in 
the com pany’s forecasting work, the reader is referred to  these publications.
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of economic conditions in 1921, the first step was to make a detailed 
investigation of its own particular products and markets. When the 
initial survey for sizing up conditions and needs had been completed, the 
company came to appreciate that its earlier confusion had resulted from 
seeing too many elements of its business a t once; it was looking at orders, 
shipments, production, quantities, prices, collections, works, and branches 
all in the whole and as a mass. Consequently, the next step was to 
segregate elements and define specific problems for solution, looking at 
the business as a basic industry, and realizing that the demand for its 
particular products must be subjected to a rigid analysis of its own.

One of the first discoveries that the statistical department made was 
that the company’s own business was among the first to show the effects 
of economic changes. For this reason, there could be but little chance of 
finding any barometer series which would move ahead of the company’s 
own cycle. Even the movements of the stock market did not regularly 
precede those of the company’s own line of business. Consequently, in 
order to predict future changes, other methods had to be devised.

In looking for barometer suggestions, it was observed that the manu
facturer thinks of business in terms of shipments against orders. 
Although financially he must figure profits against actual shipments, to 
him business is good when his distributors are ordering in large quantities, 
and business is bad when the volumes of orders are small. The company 
became convinced that the front-line merchants, who carry the manu
facturers’ stocks against the future requirements of the ultimate con
sumer, are in a position to become expert judges as to future prospects, 
because, in relation to the consumer market, they weigh conditions, they 
size up probabilities, they inspect the foundations of sentiment to see 
whether it is currently optimistic or pessimistic, they justify or condemn 
the going price level, and in their ordering on the manufacturer, they 
register their own confidence or lack of it  promptly and always in a very 
tangible way. Of course it is always well to check dealer opinions with 
independent analyses of fundamental conditions in the principal con
sumer markets. In accordance with this theory, it was finally decided 
that order volumes relating to the valve and fittings industry appeared 
to be the timeliest and most significant index for guiding the Walworth 
executives in planning for a stabilized manufacturing control.

Accordingly, the Valve and Fittings Index was developed, which 
finally became an average of 16 separate indicators of national demand 
for valves and fittings. Eleven of these indicators were selected because 
they would actually measure the relatively stable volume of ordering 
or contracting in the building, the equipment, and other national indus
tries in which there is demand for valves and fittings. And, given equal 
importance in the average, there were five “ sensitive” indicators of the
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actual quantity of orders placed upon nationally representative producers 
for sanitary ware, brass faucets, and other products usually associated 
with the valve and fittings line. As finally developed, the Valve and 
Fittings Index has these distinctive features: I t  is a broad sample of 
conditions; it measures jobber psychology; it is an index of the trend of 
demand, it measures the quantity of going business; it turns the corner 
ahead of many other barometers; and it swings higher and lower than 
other barometers.

Forecasting the Movements of the Valve and Fittings Index.— I n
developing its own method of interpretation and forecasting, the com
pany considered separately four different methods of forecasting, which 
the chief statistician designates as follows: (.1 ) by historical analogy;
(2) by time lags and cycle sequences; (3) by “ reading the averages” ; 
and (4) by analyzing “ statistical positions.” This classification will be 
adhered to in the discussion of the index which follows. 1

The company had good records which showed its business cycles 
before the war, but it did not have sufficient confidence in the first method 
(historical analogy) to make it the basis of its forecasts because of the 
risk that deductions from pre-war precedents might not always be appli
cable to post-war forecasts. 2 As previously indicated, the second method 
(time sequences) could not be used because no series could be found which 
would precede the movement in the company’s own curves. According 
to the company’s chief statistician, “ all our experience had argued against 
reposing confidence in anything but demonstrated natural relationships 
between cause and effect. Analogies and correlations, that were dramatic 
enough in themselves, would quickly disclose their weaknesses when 
forced to explain the reason why.” This left the company the last two 
methods with which to forecast changes in its orders index. And it 
found that it could use both the method of “ reading the averages” and 
the method of “ analyzing statistical positions” as aids in predicting the 
course of the Valve and Fittings Index.

The Statistical Department studied how forecasting by “ reading the 
averages was utilized (in connection with stock-market activities) in 
developing predictions by reading meanings into the market price actions 
or reactions, the changes or lack of changes, and the fluctuations or

'T h is  classification is consistent with the one on p. 372 in which “ historical 
analogy” and “ tim e sequences” are included under “ historical analysis,” and in which 

reading the averages and sta tistical positions” are included under “ cross-section 
analysis.”

2 “ H istorical analogy” should no t be confused w ith “ historical analysis.”  Briefly 
stated , the procedure in historical analogy is to  find a  past situation  or situations in 
which the fundam ental factors involved appear to be like those in th e  present situation. 
Then the forecast is based on w hat followed in these similar past situations.
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stabilities as revealed by the index curves themselves. For many years, 
expert traders on the stock exchange had relied upon this method for 
interpreting the fluctuations of the average prices of stocks. Since they 
had found nothing that would automatically forecast the general market 
trend, which they needed to know as a background for judging prospects 
for their particular stocks, they developed a reasonable theory of inter
pretation from the action of the curves themselves, and their terms are 
n o w  familiar to many of us. Such phrases as “ bull movements, resist
ance point,” “ intermediate phase,” “ support level,” “ forming a line,” 
and so forth, are terms now having definite significance.

WALWORTH VALVE AND FITTINGS INDEX 
WITH ITS BUSINESS CYCLE TREND
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E x h ib it  184.— The m onthly fluctuations of the W alworth Valve and F ittings Index com
pared with its cyclical tendencies. (Courtesy, Walworth M anufacturing Company.)

To illustrate how the Walworth Manufacturing Company uses the 
method of reading the averages, let us consider an interpretation made 
about the middle of 1926, which is shown graphically in Exhibit 184. 
In this chart, the index curve is smoothed to indicate the business cycles 
clearly and simply, the curve being located according to the year’s moving- 
average of the monthly plottings of the index. The following paragraphs, 
abstracted from the interpretation published at that time, are illustrative 
of the method of “ reading the averages,” as applied in interpreting the
order demand index.

“ Looking at the heavy smoothed curve (Exhibit 184) we see that,
since 1921, there has been a continuing and persistent wave-like up-and-
down movement, and that recently we have been riding along the crest
of such a wave. In view of what we know of conditions influencing the
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cycles since the war, it seems reasonable to assume that we have been rid
ing on the crest of the wave and that the immediate tendency is downward.

“ The percentage bars in the inset diagram of Exhibit 184 show how 
average ordering rates in the high and low four-month periods varied 
from the conditions represented by the smoothed curve which would 
have persisted, if there had been no ‘fits and starts’ in ordering. Now, 
couple this clear indication with a reasonable projection of the cycle 
tendency itself and if none of the other checks contradict this indication, 
you have a reliable basis for fixing budgeting policies according to the 
business cycle.”

The foregoing indicates how an interpretation is made by the method 
of “ reading the averages.” Although too much importance should not 
be attached to this method, it does serve as a valuable check. Much 
greater emphasis is placed upon the method of analyzing “ statistical 
positions,” which will now be discussed.

At the outset, the Walworth Statistical Department studied how 
forecasting by analyses of “ statistical positions” had been applied in such 
problems as determining when to buy stocks or when to purchase com
modities. The method consisted primarily of fact gathering and cross- 
section analysis of all matters bearing directly upon the particular stock 
or commodity. Accordingly, a plan was developed whereby each of the 
elements affecting the Valve and Fittings Index could be analyzed sepa
rately and then the several elemental forecasts could be combined to 
develop average forecasts.

I o  illustrate the method, let us consider how the statistical position 
of one of the components was analyzed in 1928. The example selected 
is Producing Oil Wells Completed.” Much of the oil industry’s demand 
loi valves and fittings is to satisfy the needs of new oil-well construction. 
This industry is sensitive to economic changes, and careful study shows a 
definite correspondence between the results that occur and the economic 
factors that should cause such results. In this industry, just as in any 
other, it is ultimately the adjustment or maladjustment of supply and 
demand that causes price stability or price variations. Since gasoline, 
the principal product of crude oil, is the primary foundation on which the 
whole industry rests, a device measuring the balance of supply and 
demand for gasoline should prove valuable in revealing the industry’s 
prospects. If this current supply of gasoline exceeds that being con
sumed in the market, then, at least theoretically, the price of gasoline 
should fall. As a m atter of fact, the gasoline price situation is so closely 
tied up with crude-oil price conditions that almost coincidentally crude 
oil prices will also decline.

The upper curve in Exhibit 185 shows the Walworth index of gasoline 
supply versus demand. Note that the curve is plotted on an inverted
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scale so that decreasing supply (rising curve) will appear to represent 
improving conditions. The lower curve shows oil-well completions. 
A comparison of the two curves shows clearly that the gasoline situation 
has been definitely improving for a considerable time prior to a corre
sponding increase in the number of producing oil wells completed. This 
is a reasonable sequence. As long as gasoline demand lags so that crude 
oil prices are depressed to unprofitable levels, there is a natural pressure 
against adding to the supply of crude oil by bringing in surplus produc-

GASOLINE SUPPLY-DEM AND RATIO AND 
PRODUCING OIL W ELLS COMPLETED 
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E x h i b i t  185.— C hart u s e d  in analyzing the  “ sta tistica l position of the petroleum  
industry. The movem ents of the upper curve tend to  forecast changes in the  lower curve.
(Courtesy, Walworth M anufacturing Company.)

tion. But when gasoline demand increases and oil prices rise again, there 
is sufficient inducement for producers to “ bring in ” the new wells. A 
new cycle of recovery then appears to be under way. And, to the extent 
that this factor is important in the average of demand as measured by 
the Valve and Fittings Index, to that extent would this specific indication 
forecast a new cycle of recovery for that average.

In the same manner, the other elements in the index are analyzed, 
and finally the combined results of the various analyses indicate the 
direction that the Valve and Fittings Index is expected to take.

The General Motors Divisional Index—A brief reference to the 
General Motors Divisional Index will be helpful in further illustrating
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the practical application of business forecasting in a specific industry. 
I t  will also emphasize again the importance of making cross-section 
analyses of current conditions.

The General Motors Corporation must take into account the com
petitive situation and business conditions in general as they affect its 
automobile and other lines of business. The relation of developments 
in competing lines is a part of the competitive situation. Among the 
important indicators of business conditions, which are considered, are: 
agricultural conditions as reflected by crop reports and prices of farm 
products; the livestock situation; the state of general industrial employ
ment; the trend of commodity prices; the volume of industrial production; 
credit conditions as indicated by bank statistics and interest rates; and 
the probable effect of fluctuations in the securities markets on business 
sentiment.

The capacity of the company’s dealer organization must be considered 
in the light of any impediments which would be likely to restrict or 
hamper its sales or effectiveness. Examples of such impediments are 
the accumulation of used car stocks, the introduction of a companion 
car to be sold through the same organization, inability to expand capital 
and personnel to keep pace with potential demand, inadequacy of dealer’s 
capital, and an uneconomical situation of a dealer (such as a place of busi
ness which is too extravagant). Furthermore, the company must study 
the probable influence upon sales appeal of special mechanical features of 
the product, as well as the factors of style, general performance, and 
serviceability.

As a result of the best judgment that can be brought to bear on the 
problem at a given time, the company arrives a t what it calls its “ Divi
sional Index.” This Divisional Index means its best guess of what the 
retail sales for a particular line of cars will be during the ensuing sales 
year. This does not mean that it sets up an arbitrary quantity in accord
ance with which the production is determined, regardless of what may 
afterwards happen. The Divisional Index is under continual scrutiny, 
and is adjusted immediately when the trend of events demonstrates 
the desirability of revising the expectations.

Subject to the foregoing adjustments, the Divisional Index at any 
given time is accepted as dictating the basis upon which production should 
be scheduled. In other words, production is always scheduled with 
regard to the expected requirements for the complete sales year. I t  does 
not follow, however, that production in any given month should be 
exactly one-twelfth of the year’s production, for there is a seasonal varia
tion in consumer demand which must be taken into account, and it is 
usually desirable to shade production somewhat during the dull season 
so as to modify the seasonal accumulation of stock. I t is perhaps best to
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compromise between the desirability of a level rate ol production in the 
interest of manufacturing economies and a fluctuating rate of production 
in the interest of minimum stocks in the hands of dealers.

On the twenty-fifth of each month a complete forecast is submitted 
by each of the company’s divisions for the current month and three 
succeeding months. This includes a forecast of retail deliveries by 
dealers. The company also has complete information as to actual retail 
deliveries, by months, in the past. Thus, a t all times, it has available 
the actual records of the past as well as a forecast of retail deliveries 
for three or four months ahead. The accumulation of these records of 
retail deliveries by dealers, covering a number of years, and the analysis 
of state registration data furnish a good means of appraising the ordinary 
characteristics of the company’s business.

The company has found from experience that as it proceeds with the 
continual analysis of deliveries and forecasts, and measures its perform
ance and prospects in the light of seasonal expectancy, it can detect 
changes in trends and recognize disappointments or improvements well 
in advance of what would be possible through any other means.

For example, let us suppose that it is the latter part of November 
and that the Divisional Index was made as of August 1. D ata on actual 
retail deliveries for August, September, and October are a t hand. Let 
us assume that this record was such as to support the expectancy of the 
Divisional Index. When the forecast for November, December, and 
January was prepared a month previous, it appeared to be reasonably 
in line with past actual experience, seasonal conditions and any other 
known influences being considered. Since reports of retail deliveries 
are received from the dealers three times a month, the company knows 
what these were during the first 20 days of November. If they are in 
line with the forecast for November there is no need, from statistical 
observations, to modify the Divisional Index. If the actual deliveries 
during that period are out of line with the forecast for November, this 
is the first flash or caution signal indicating that the Divisional Index 
may require modification. And so the General Motors Corporation 
proceeds to analyze past performance and forecasts of retail deliveries 
month after month. During each month, 10-day delivery figures, 
reported by the dealers, are compared with the latest forecast for the 
month. Ordinarily, the Divisional Index is not actually modified because 
of a statistical indication of a new development covering a brief period 
of time. The indication is taken as a caution signal, and the situation 
is watched as it develops to see whether there seems to be a sustained 
change. 1

1 This discussion of the General M otors Divisional Index is abstracted  from “ Fore
casting and P lanning as a Factor in Stabilizing Ind u stry ,” by Donaldson Brown,
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Specific Planning of Internal Operations—Finally, it is desired to 
emphasize the point that business forecasts must be used subject to the 
limitations that they are often indefinite and sometimes inaccurate. 
The nature of the forecasting problem is such that these limitations will 
undoubtedly exist for a long time, if not forever. If the executive prop
erly understands these qualifications, however, the applications that he 
makes can be definite and his estimates of the future will be more accurate 
than they would be without them. To apply definitely these and other 
principles of planning to the internal operations of an organization is 
the object of the next chapter.

Q uestions and Problem s

1. Explain w hat is m eant by  forecasting.
2. Can technical statistical methods of analyzing and forecasting business 

conditions entirely replace judgm ent and experience? Explain.
3. Explain th e  general effect of m athem atical training and the knowledge of 

sta tistical m ethods upon the business analyst.
4. Explain four common lim itations of statistical methods.
5. Discuss the danger of allowing refined statistical m ethods involving spurious 

accuracy in com putation to  be used in  business problems.
6. Give a list of questions th a t are useful in checking the adequacy of the s ta 

tistical m ethods utilized in any  given business problem.
7. Discuss the “ statistical th ird  degree.”
8. Discuss the im portance of forecasting in  business problems.
9. Can valuable forecasts be m ade by simple m ethods? Explain.

10. Do business conditions vary  in different large areas? Are variations evident 
in local areas? F or w hat area should business conditions be studied?

11. Describe a m ethod of estim ating office space requirem ents during the next five 
years in your particu lar city.

12. Explain (1) historical analysis, and (2) cross-section analysis in relation to 
forecasting.

13. W hat is a  “ business barom eter” ?
14. How can m athem atical projections of trends be used in forecasting?
15. To w hat extent can the stock m arket be relied upon to  indicate future general 

business conditions?
16. W hat curves are shown on the H arvard  Index C hart of General Economic 

Conditions and w hat da ta  are included in each a t the present tim e?
17. W hat is the relation of the H arvard curves to  each other and how can they 

be used in forecasting?
18. Name several economic services th a t forecast general business conditions in the 

U nited States.
19. Describe the scope of The Brookmire Economic Service.

Vice President in Charge of Finance, General M otors Corporation, published in Sales 
Management, January  26, 1929.
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20. W hat statistical m ethods are used in The Brookmire Forecaster? N am e three 
influences which th a t  company believes have dom inated past cycles of business.

21. W hat services are included in Babson’s Reports? The Babsonchart shows 
physical volume of business as a composite of w hat groups of data?

22. Is trend  elim inated on the Babsonchart? Is seasonal variation? Is price 
inflation?

23. In  addition to  the physical volume of business index, w hat price indexes are 
included in the Babsonchart?

24. In  relation to general business conditions, when are high and low points usually 
found in stock-m arket activ ity , and when in money rates, according to  the Babson
and H arvard  services?

25. Describe the analysis and forecasting services of the S tandard Statistics
Company. .

26. W hat general methods does the S tandard S tatistics Service employ in making
forecasts, and which general method is most used?

27. How does the S tandard S tatistics Company apply cross-section analyses to 
current situations?

28. W hat da ta  are used in M oody’s Investors Service in forecasting business 
conditions? Are m athem atical devices used?

29. W hat barom eter does M oody’s Investors Service publish, and w hat two 
curves does i t  include? How is it  used?

30. Describe the service of The Real Estate Analyst.
31. Describe The U nited Business Service.
32. In  connection w ith forecasting, why do economic and statistical services 

m aintain close contacts w ith business men?
33. Nam e several publications or organizations, other than  those considered 

above, th a t  m easure general business conditions and th a t comm ent on the general 
business outlook.

34. Is the forecasting of local business conditions im portant? W hy? How can
work of th is type be done?

36. Do price curves for all products move in conformity ? W hat im portan t price 
indexes fluctuate w ith the cyclical swings of business?

36. How definitely can business changes be predicted?
37. How can the business m an in planning his business make practical applications 

of inform ation furnished by economic and statistical services?
38. In  order to  compare the sales of a  given business w ith general business activity , 

to  w hat statistical trea tm en t should bo th  sets of da ta  sometimes be subjected (i.e., 
to  w hat term s should they  be reduced) ?

39. W hat index of national dem and did the W alw orth M anufacturing Company 
develop as an aid in forecasting its business? In  using this index of orders, w hat 
methods of analysis does th e  company apply?

40. W hat sort of analysis of business conditions does the General M otors Corpora
tion make for forecasting its business, and  w hat are some of the business d a ta  which 
it  considers to  be im portan t indicators? How do conditions w ith the company s 
dealers affect sales, and w hat conditions are im portan t?  W hat is the  natu re  of the 
General M otors Divisional Index, and how is it  used?

41. On the basis of series which indicate business conditions in the city or area in 
which you live, analyze the outlook for the following year.

42. On the basis of a study  of the bulletins of the leading economic services, make 
up a composite report advising the president of a large bank as to  the probable busi
ness conditions during the following year.
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Note to the Instructor Regarding Problem s

M any instructors find it  desirable to assign a “ term  rep o rt” or statistical project 
when the class has covered the m aterial presented in the preceding chapters of this 
book. At the ends of the question and problem lists which follow the present chapter 
and those th a t remain, a  num ber of practical surveys and investigations are suggested, 
w nch can readily be assigned as term  reports to supplem ent or take the place of the 
usual laboratory assignments during a  period of from three to six weeks If i t  is 
desired to assign term  reports, i t  is suggested th a t the student be instructed  to  look 
over these problems, selecting one in the field in which he has the greatest interest, 
t  is fu rther suggested tha t, though the class as a  whole m ay study  the chapters in the 

order presented, the student study the chapter from which his problem is selected, out 
of order, as a background for preparing his report.

The authors believe th a t the emphasis in these reports should be placed upon 
securing practical results. For instance, if the student is analyzing the business cycle, 
it is suggested th a t instead of using the laborious methods involved in determ ining 
trends by the m ethod of least squares or determ ining seasonal variations by the 
method of link relatives, the student should try  his hand a t a  free-hand trend  and 
one of the simpler m ethods of computing seasonal variation, w ith the emphasis 
being placed upon supporting his findings through logical analysis. Care should be 
taken in  outlining the investigation a t the s ta rt. Appendix IV to  this book should be 
helpful m this connection. The student should also give careful a tten tion  to  the 
preparation of his report. Suggestions on preparing a report are given in Appendix V.



CHAPTER XV III

BUDGETING

If a business concern is to take the greatest advantage of the fore
casts and analyses described in the preceding chapter, it must have a 
specific, detailed plan of future operation definitely worked out and 
expressed in monetary units. That is, it must have a budget. Although 
the details necessarily vary in different organizations because of differ
ences in their markets, production periods, financial obligations, etc., 
there are, nevertheless, certain principles that are fundamental in sys
tematic planning or budgeting, and it is the purpose of this chapter to 
describe these principles and to indicate how a practical business budget 
is developed through the use of statistical forecasts and analyses.

Business Budgeting Defined.— As the terms are commonly used, 
there is no definite dividing line between “ forecasting” and “ budgeting.” 
In fact, when they are loosely applied, there is considerable overlapping, 
and either of the terms is sometimes used to include the other. In this 
discussion, however, it is necessary to draw a sharper distinction for the 
purpose of study and analysis. By forecasting, is meant the predicting 
of what is likely to happen on the basis of analyses of both external and 
internal conditions. By budgeting, is meant the development and applica
tion of a definite financial plan for internal operations that is system
atically coordinated with the conditions that are expected on the bases of 
the forecasts. This distinction, however, is principally in how the empha
sis is placed, for forecasting includes some of the same work that is done 
in budgeting, and budgeting automatically results in the making of some 
new forecasts. Mere planning for the future in a general way does not 
constitute budgetary methods; definitely planned operations, and the 
coordination of the parts of the business to carry out the planned pro
cedure, are essential to real budgeting.

The term “ budget” is often loosely used in the sense that it is only 
an estimate. In such instances, failure of actual occurrences to measure 
up to the estimate is expected, for the budget is treated as a goal or ideal 
seldom, if ever, to be achieved. Again, the budget is sometimes con
sidered to be only a device for curbing expenditures. The basis for the 
allotments has often been either the requirements of the departments 
in past periods,-or what these requirements should have been in past peri
ods, according to the judgment of the management. In these instances,
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future conditions and changing methods have not been considered in 
fixing the allotments.

Although budgetary methods do include both the making of estimates 
and the curbing of expenditures, these are but part of the budgeting 
process. A real budgeting plan involves something much more definite 
than an estimate or goal; it is carefully based upon forecasts and analyses, 
and it is expected that the plan will be carried out in detail. A real 
budgeting plan also includes much more than the authorization of expen
ditures; it definitely indicates future income, and coordinates the plans 
for expenditures with the income plans.

Preparing and Operating the Budget.—Budgeting may be said to 
include (1 ) the preparation of detailed plans for future operation; (2 ) a 
check-up or comparison of the actual results with the detailed plans; and
(3) a continual revision of the plans previously prepared, in order to correct 
for changing conditions and new developments. By planning all the 
phases of a concern’s activity for an extended period in advance; by 
checking up on the plans frequently, and by reorganizing them when 
necessary to meet changing material supplies, labor situations, plant 
facilities, demand conditions, etc.; and by continually comparing actual 
performances with those planned—by these methods a practical and 
effective system of control can be developed and maintained.

Yet it is not to be assumed that it is a simple m atter to prepare detailed 
plans that provide for all emergencies or that even provide for the ordi
nary course of business activity. The preparation of such plans often 
requires the careful collection of a considerable volume of statistical 
information, intensive study of the information obtained, and keen judg
ment in applying the facts. Nor is this the task of one employee or 
executive of the business. The cooperation of all departments through 
the department heads is essential, and these executives must assume their 
share of responsibility in preparing the plans. Thus, the sales depart
ment must assist in collecting information as to the volume of sales which 
may be expected, the production department must compute its require
ments in view of the expected sales, the general office manager, the per
sonnel manager, the credit manager, the sales manager, and all other 
department heads must prepare detailed statements of anticipated 
department expenses. Then, meeting as a budget committee, these same 
executives can work out the final plans under the direction of an execu
tive1 in charge of the budget.

Also, one should not surmise that the administration or control of a 
business enterprise, after the budget plans have been prepared, is an

1 Usually the comptroller (sometimes called “ contro ller” ) is best fitted for operat
ing the budget, whereas the president or general m anager assumes the responsibility 
for the adoption of budget plans, subject to  the final action of the board of directors.
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easy task. The budget method is only a tool or instrument for control. 
I t  is not an end in itself; it is but a means to an end. In fact, the use of 
budgetary methods requires more careful and continual executive control 
than where budgets are not employed. The business manager who is 
content to manage a business on the basis of the policies of the past and 
who does not carefully plan the details of the future has an easier task 
than one who employs budgetary methods. Under the budget, the 
general manager and all department officials must watch for changing 
conditions, must anticipate new methods and problems, and must cooper
ate with each other in changing business policies or methods. Thus, 
executive control under budgetary methods is a more sensitive control 
in that it provides for the recognition of ever changing forces influencing 
business activity. But it also requires more analytical ability on the 
part of the business executive, and the ability to obtain the cooperation 
of all departments.

In a later chapter (Chapter XXV), the problems of control and the 
part which statistics may play in executive control will be considered 
from the standpoint of the executive looking down upon an operating 
organization. In the present chapter, we shall consider chiefly the first 
step in budgetary operation—namely, the preparation of the budget 
plans. Particularly, we shall point out how the business forecasts (dis
cussed in the preceding chapter) are applied, and how certain other 
statistical information and analyses are used in formulating these plans.

Parts of the Budget.—The budget plans as a whole are called “ the 
master budget.” There are five main parts of the master budget. In a 
manufacturing plant these are:

1. The sales budget.
2. The production budget.
3. The expense budget.
4. The plant-requirements budget.
5. The financial budget.

In a merchandising business, the production budget is replaced by the 
budget of purchases.

The detailed budget plans are usually prepared on a value or dollar 
basis. Sales and production plans can be made on a physical quantity 
as well as on a dollar basis. However, since the other budget plans must 
be made on a dollar basis, sales and production plans must necessarily 
use this basis. As a supplementary method, the physical-quantity 
budget of sales and production can be used where statistics on the quanti
ties of products manufactured and sold are maintained.

Readers familiar with accounting statements will recognize that the 
master budget consists of two main statements or exhibits and at least
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two supporting schedules. The first exhibit is the estimated profit and 
loss statement, and it is prepared chiefly from the sales budget, the pro
duction budget (which includes production costs), and the expense 
budget. 1  he second exhibit is the estimated balance sheet setting forth 
the expected condition of the business at the end of the formal budget 
period. Other balance sheets often are prepared showing expected condi
tions a t the end of intermediate parts of the formal budget period. To 
obtain the estimated balance sheet, the expected inventories are deter
mined fiom the production and sales budget (or the 'purchases and sales 
budget in a merchandising concern), the estimated fixed or plant assets 
are obtained from the plant-requirements budget, and the cash, receiv
ables, and payables are taken from the financial budget. Thus, the 
sales, production, and expense budgets comprise the profit and loss 
exhibit, and the balance-sheet exhibit is obtained by two supporting 
schedules which present the plant-requirements budget and the financial 
budget, respectively.

The Sales Budget. The preparation of a complete budgeting plan 
usually begins by determining, on the basis of demand forecasts and 
other market analyses, how much the concern can sell. This sales fore
cast indicates, in turn, how much the manufacturer should produce, or 
how much the merchant should buy. In other words, the probable 
volume of sales determines the probable scope of a concern’s operations, 
and logically the determination of this is the first step in preparing the 
budget plan. At this point in the discussion, we will assume that we 
have already determined the conditions of the market. (The details 
of making such market analyses will be described later in Chapter XXI.)

As indicated above, the making of the budget plan usually begins 
with making a forecast of the particular concern’s sales, but sometimes 
the volume of sales is determined by factors other than the probable 
extent of the market. I t  is very important to recognize these other 
factors when they exist. There are many local canning factories, for 
instance, which cannot expand their production if the local crop is poor, no 
m atter how good the market may be. Again, in years when crops are 
good, they may be obliged to manufacture larger quantities than would 
be absorbed readily by the market, in order to have the local growers 
produce large enough quantities during the years that market conditions 
are favorable. This practical influence of supply and demand is also 
illustrated in the budget problem of the California and Hawaiian Sugar 
Refining Corporation. In this concern’s budget, the first step is to 
determine how much sugar will be available for sale, rather than the 
probable volume of sales. This procedure is necessary because the com
pany refines all of the raw cane sugar which is shipped to it by the 
planters (who own the corporation), and therefore the sales volume must
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he planned in relation to the expected volume of production. This does 
not mean that the production budget must be prepared first. I t  means 
that the forecast of sales depends to a considerable extent upon the 
expected volume of production in this instance.

The procedure followed by this company illustrates the budgeting 
of sales under comparatively simple budgeting conditions. “ The first 
problem to be determined is how much sugar will be available for sale 
within the year. After this, each broker is assigned a quota, and as 
brokers are segregated by geographic groups, totals for these groups are 
thereby obtained. The brokers are classified into three main classes, 
the Coast group, the River group, and the Southern group. An estimate 
is then made of the quantity of each grade which will go to make up the 
total to be shipped to each of these groups. The estimates for the three 
groups are combined to determine what tonnage of each grade will be 
sold and its percentage in terms of the total of sales.

“ After the annual estimates are prepared, monthly sales forecasts 
for each grade and package are made. This is necessary because the 
grades are affected by different seasonal influences. So far as possible, 
the production budget is calculated on the annual grade percentages, 
despite this seasonal influence, in order that a uniform rate of production 
may be maintained. Some variations are necessary, however, because 
the proper balance of the inventory is of major importance.

“ At the first of each month, a revised sales estimate is prepared for 
each grade and package. This estimate is checked with the production 
budget and stocks 011 hand, and if conditions have so changed that stocks 
will not be available to meet sales requirements, revisions are made.

“ At the close of each quarter, sales are analyzed and compared with 
past indices to determine whether revisions in the annual grade and pack
age ratios will be necessary. Irregular fluctuations in consumption 
from month to month are encountered, but these tend to equalize over 
the longer periods of time such as three, six, or nine months, necessitating 
only slight revisions, if any, in the ratios. ” 1

Period of the Sales Budget.—I t  was observed previously that the 
California and Hawaiian Sugar Refining Corporation prepares estimates 
or forecasts of annual, quarterly, and monthly sales. Not only is it 
important to plan the sales of the year in advance, but it usually is neces
sary to plan them for quarters and months.

Many concerns prepare preliminary forecasts for periods longer than 
one year in advance. I t  is particularly common to prepare the sales 
estimate for two years in advance. The American Telephone and Tele

1 E m m e t , B o r i s , “ The California and H awaiian Sugar Refining C orporation,” 
Stanford Business Series II , p. 150, 1928.
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graph Company and its affiliated telephone companies forecast their 
expected service (sales) requirements for five years in advance, and for 
even longer periods in certain instances.

Variation in the period covered by the preliminary estimate and in 
the period for the immediate budget plans depends to a considerable 
extent upon the products marketed. In the case of the telephone com
panies, the product developed—namely, service—requires the installation 
of a large plant with telephone wires and exchanges. This installation 
must be planned several years in advance to meet the service (sales) 
needs as they arise, because it requires a considerable period to install 
telephone wires, exchanges, etc., and in certain respects the plant must 
be built large enough to meet the increase in the needs for some time to 
come; this is especially true in rapidly growing communities. However, 
the service requirements must be estimated first to determine the size 
and location of the plant. These service or sales estimates can be made 
on the basis of population forecasts (see Chapter XIX), since telephone 
service depends to a large extent upon population. When a major plant- 
installation plan is adopted, it must be on a very definite rather than a 
preliminary basis, because a change in the plan cannot be made easily 
without resulting in substantial losses to the company.

For the sugar refining company, a budget of sales for more than one 
year is not practical, although a rough estimate for a longer period may 
be desirable in making general plans. For example, more acreage in 
sugar-cane plantations may be expected, or a loss of supply may appear 
likely because of planters seeking other refineries. These and other 
factors would be considered in making the preliminary estimate for 
later years. Yet the one year is all that can be used for definite sales 
plans. Then, too, in this type of company, as any one year progresses, 
revisions in the sales budget may be required to a greater extent than 
in the sales budget of the telephone companies. Production of sugar 
may be less than the outlook indicated; price conditions may become 
unfavorable, owing to general business depression setting in sooner than 
expected; or other conditions may arise to cause a decision to hold over 
larger stocks of sugar until later periods. Consequently, in this type of 
company, the monthly or quarterly sales budget is a more definite basis 
for plans than the annual one.

In other companies, the budget for the current month may require 
revision during the course of that month, and a weekly or even a daily 
budget of sales may be required. In baking companies and in ice-cream 
manufacturing plants, production and marketing to the retailers often 
must be completed in 24 to 48 hours. In these companies, the monthly 
sales budget is continually subject to adjustment, and even the weekly 
sales estimate may be changed because of sudden weather changes which
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materially affect the demand for these products. The daily budget for 
both bakeries and ice-cream manufacturers is, therefore, an essential 
part of the sales budget.

I t  will be noted that the three types of products mentioned— 
namely, telephone service, sugar, and quickly perishable foods—have 
very different marketing and production problems, which cause extreme 
variations in the period for which sales plans can be definitely made. In 
preparing the sales budget for any manufacturing business, one must 
first consider such influences as the availability of raw materials, the time 
required for production, the perishability of the finished product, the 
effect of weather conditions and seasons of the year upon sales, and the 
control which the manufacturer has over marketing channels. In all 
cases, preliminary budgets should be prepared for periods much longer 
than those allowed for the definitely planned budget, but the preliminary 
budget will be subject to more revision than the budget for the immediate 
future. One- to three-month periods are common for the immediate 
operating budget.

Use of Data on Past Sales in Preparing the Sales Budget.—In fore
casting the sales of future periods, one of the first considerations is past 
performance.

In preparing the sales budget, the estimates or quotas for each geo
graphical territory, for each salesman, and for each type of product must 
be made only after noting the actual sales for similar periods in the past. 
Therefore, an analysis of records of the past by years, quarters, months, 
and sometimes by weeks and days, is the first step in preparing the sales 
budget. The data for such analyses should be furnished by the account
ing department. In order to furnish information necessary to the budget, 
the accounting records must be maintained to show not only total sales, 
but also:

1 . Sales according to products or types of products.
2 . Sales according to geographical territories, where an extended sales 

area exists.
3. Sales according to salesmen, where salesmen can be of service in 

estimating their own future sales.
Such information must be made available if a sound basis of sales plan
ning is to be established. Detailed plans are essential to general plans, 
and the details of past performance often give concrete evidence of what 
can be done in the future.

In comparing dollars of sales in past periods with expected dollars 
of sales in the future, cognizance of variations in prices of the products 
sold is essential. If marked changes have occurred, or if they are 
expected in the period for which the budget is being prepared, a difference 
in dollars of sales should occur, even though the physical volume is con
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stant. In other words, if a price decrease of 20 per cent occurs, an 
increase of 25 per cent in the quantity sold will be necessary to maintain 
the same total of dollars of sales. To measure price changes, an arith
metic average price a t which the sales of the period were made (or are 
expected to be made, if in the future) should be obtained, and ordinarily 
the computed average price of one period can best be expressed as a 
relative of the average price in the period with which it is to be compared. 
In obtaining the arithmetic average price, however, it is essential that 
each price be weighted by the approximate quantity sold at that price, 
or the quantity anticipated, if in a future period.

I t  should be clearly recognized that consideration of past sales volumes 
is only one step toward estimating the volume of future sales. Conditions 
of the past may not continue in the future. In looking ahead, three 
additional steps in preparing the sales budget appear. First, the market 
must be analyzed; second, the general and specific business conditions 
of the marketing area must be studied; and third, the limitations of the 
business organization itself (in plant, in finances, and in available sup
plies) must be considered. Only after these analyses are made can the 
changes from past sales be accurately predicted.

Market Surveys and Analyses in Forecasting Sales— In other 
chapters, the methods of making market surveys and business analyses 
are considered somewhat in detail. I t  is advisable, however, before 
proceeding further, to review briefly, from the point of view of budgeting, 
the sources and methods used in compiling sales data, in order that one 
may more clearly appreciate what kind of information is required and 
how it is applied, and in order that one may have the proper background 
for making or checking the sales forecast.

Although market analyses are usually not undertaken for budgetary 
purposes alone, they are always helpful in preparing the budget plans. 
Analyses of sales possibilities, for example, are not directly a part of the 
budget plans, but they assist in determining sales policies and in estimat
ing sales volumes.

Some surveys are restricted to a local area, while others are national 
and even international in scope. Manufacturers or distributors of 
nationally advertised products find it particularly necessary to survey 
the entire country and obtain sales estimates from each area in which 
their products are sold. This is true whether the product is sold directly 
to the consumer, or through numerous wholesalers and retailers, or 
through a few exclusive distributors who sell to the retailers. Such 
market surveys require the use of varying methods and combinations 
of methods. Sometimes representatives of the sales department from the 
main or branch offices of the company call on the dealers in the market 
areas and obtain estimates of their merchandise requirements. Again,
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the manager may obtain estimates from the salesmen without requiring 
them to make definite surveys. Where company salesmen are dealing 
directly with the consumer, their estimates take the place of dealer 
estimates. In any case, however, the survey should include basic infor
mation on population, buying power, number of dealers, agricultural 
and manufacturing conditions, and other conditions which affect the 
market. Sometimes this information is collected by salesmen or investi
gators in the field, and sometimes it is collected directly by the main office.

A certain manufacturer’s sales are budgeted on the basis of reports 
rendered annually by branch-office representatives who call upon the 
retailers every year. The product is not sold directly to retailers, as a 
rule, but is distributed through jobbers in the principal cities. Yet each 
year the representatives of the manufacturer call on the retailers to 
determine, among other things, the sales expectations of each dealer for 
the next year. From this information and the personal observation 
and judgment of the representatives, an estimate of sales for each dis
trict is obtained.

In carrying on a survey of the above type for budgeting -purposes, a 
definite questionnaire should be filled in by the company representatives, 
showing not only the total sales expected by the dealer, but also the 
estimate of the investigator. Furthermore, this questionnaire should 
show not only the totals of all sales, but also the sales expectations by 
grades and varieties of products. The actual sales of the past year, or 
past two years, and the budget estimates which were made for those 
years should likewise be entered on the form. Also, provision must be 
made to show the expected differences in stock holdover. The details 
involved in making such a survey (which ordinarily, of course, includes 
much information which is not directly used in budgeting) need not 
be considered at present. They will be described in Chapter X X I in 
connection with Exhibit 205 on page 508. The use of salesmen’s esti
mates will also be described in that chapter.

Many concerns do not find it advisable to send representatives into 
the field to call on dealers or to make estimates. One of the more impor
tan t reasons for this is that it may be too expensive. Also, unless the 
salesmen are properly trained, their investigations and estimates may be 
unreliable. Consequently, it is often necessary to limit the investigation 
of market conditions to a study that is made at the company’s offices. 
Some of these studies are based upon data that are readily obtainable 
from the common secondary sources, while in others it is important to 
make use of primary data collected through letters and questionnaires. 
This practice will be discussed in greater detail in Chapter X X I (in 
connection with Exhibit 206 on page 510), where the methods used by the 
Perfection Stove Company will be described.
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In order that the manufacturer may know how much of each individ
ual product he should manufacture, it is obvious that the estimates of 
future sales must be by specific products. This is true for merchants 
also, in order that they may know how much of each product they should 
purchase.

Analyses of Economic Conditions in Sales Budgeting.—It should 
be emphasized in connection with the foregoing discussion that the 
information collected may not make proper allowances for conditions 
in the business cycle, especially when the information is gathered from 
dealers and from salesmen. Since general economic conditions may 
influence the sales of a concern to a marked degree, it is obviously neces
sary to give the proper consideration to this part of the analysis, and 
studies will have to be made which are independent of the personal 
opinions or influence of the dealers or salesmen. In such studies, infor
mation on the stocks of merchandise accumulated by the entire industry 
and by the individual concern and other indications of the relation of 
supply to demand, are of utmost importance. When boom conditions 
are being experienced, those who are not skillful in recognizing the situa
tion will ordinarily estimate that the need for merchandise for the coming 
year is much greater than the amount that can actually be sold. During 
conditions of depression, these estimates will tend to be unduly pessimistic 
and not large enough to meet the demand which actually develops. Con
sequently, during conditions of prosperity, it is necessary to be cautious 
regarding the size of the estimate, sometimes reducing it substantially, 
and during conditions of hard times, it is necessary to expand the figure 
if an increase in business activity is foreseen.

Business activity must be considered in relation to budgeting particu
larly from three points of view. These are: (1 ) the nation as a whole,
(2) specific localities, and (3) the specific industry or industries in which 
the concern operates.

The use that the Walworth Manufacturing Company makes of 
economic services and other business indicators, which use was described 
at length in the preceding chapter, represents a practical application 
of the relation of business activity in the nation as a whole to the budget 
of an individual concern. Similar analyses of economic conditions in 
specific localities must be made because of variations from one area 
to another. These variations must be taken into consideration in 
budgeting, for the concern will wish to  push sales where the opportunities 
are good and contract where sales possibilities are poor. Likewise, 
special analyses of conditions in the industry of which the concern under 
consideration is a part, .and in allied industries, are necessary in making 
budget plans. If competition has increased, if overexpansion has 
occurred or is appearing on the horizon, if other products are being
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developed which give promise of superseding the products now pro
duced—these and similar circumstances will affect the sales volume of the 
future.

In recent years, business activity has been particularly sensitive to 
government legislation and regulation. Some legislation, such as 
the Banking Act of 1933, has been instrumental in effecting changes in 
the business tempo of the nation as a whole. In other instances, legisla
tion has affected principally specific localities, such as, for example, where 
specific projects for the development of electric power have been author
ized. Legislation affecting wages and hours of labor is of greater direct 
importance to industries that have not as yet met the standards set by the 
law, or by the authority administering the law, than to those industries 
whose labor conditions have already been adjusted to meet or exceed 
the requirements of the law. In budgeting for any extended period, the 
effects of possible legislation or other regulation by governmental authori
ties, as well as the effects of laws already enacted, must be studied 
carefully.

Effect of Limitations of the Business Enterprise upon the Sales 
Budget.—In the preceding discussion, we have considered analyses of 
past sales, surveys of the market, analyses of future sales probabilities, 
and the relation of general and specific economic conditions to the sales 
forecast. Another factor which enters into sales budgeting is the internal 
condition of the business for which the sales are being planned.

Four types of conditions which are significant in preparing the sales 
plans are: (1 ) the adequacy of the plant for the most economical produc
tion; (2 ) the control over the sources of raw materials and supplies, and 
the ability to acquire the quantities when desired; (3) labor conditions; 
and (4) the financial strength or weakness of the business. Unless the 
business has plant facilities for economical production, unless raw mate
rials and labor can be secured as needed, and unless the amount of busi
ness anticipated in the sales program can be financed, the sales budget 
will not be effective.

Production budgets, expense budgets, plant and equipment budgets, 
and financial budgets will now be considered.

The Production Budget.—■ After the sales budget has been determined 
for the future weeks, months, quarters, or years, production plans can 
be prepared for these periods on the basis of the sales plans. In preparing 
the production plans, two main types of problems are present. First, 
the total amount of each product to be produced during the budget period 
must be determined, and this total production must be scheduled or 
prorated over the budget period to meet sales orders when received. 
Second, the factors of production cost—namely, raw material, labor, 
and overhead—must be budgeted in relation to the expected sales.
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I t is essential to obtain coordination between sales plans and produc
tion plans. Production must provide the necessary stocks to meet the 
expected sales. And yet, the sales quotas must not exceed production 
capacity. Obviously, the ideal relationship exists when sales quotas 
require the maximum production which can be obtained efficiently with 
the available plant, materials, and men.

The problem of scheduling the quantity of products to be made and 
the time when they are to be produced involves two statistical considera
tions. First, the sales and the production should be expressed in the 
same units of measurement. If sales are in dollars, then production 
can first be scheduled in dollars at selling prices. If physical volume 
is the basis upon which sales quotas are made, then physical volume 
should be used as the basis for the estimate of the total quantity of produc
tion and for the quantities to be produced in each part of the entire period. 
However, in planning production costs, it will be necessary to convert 
the physical volume of production, or the volume in sales dollars, into 
dollars of cost so that the elements of cost (raw materials, labor, and 
overhead) can be budgeted in relation to the total cost of each product. 
Therefore, usually the entire production budget can best be prepared 

on the basis of cost, which necessitates a statement of sales quotas on 
the basis of estimated cost of production. Thus, the most consistent 
plan for budgeting production is to convert the sales quotas to a cost of 
sales basis, and then plan the production upon a cost basis to meet the 
expected sales requirements.

Second, in scheduling production, the expected sales do not always 
determine the quantities to be produced in each period. Finished stock 
on hand and the period required for production are important factors 
in plants which manufacture for stock. This problem is largely one of 
inventory control of finished goods. The amount to be produced each 
month (quarter, week, or day) is determined by estimating the inventory 
of finished stock desired at the end of the month (or other period), to 
which are added the estimated sales of the period, and from this total 
the inventory of the beginning of the period is deducted. Then the 
production schedule for the subsequent months is similarly prepared by 
estimating the inventory to be carried over at the end of each period, 
adding the expected sales of the month, and deducting the estimated 
mventory at the beginning of the period.

It will be noted that the preceding discussion refers only to the budget-
°f production in plants which produce for stock. In plants which 

Produce for special orders only, and do not carry finished goods inven
tories, detailed budgeting of production in the above manner is not 
Practical. In such plants, the unfilled sales orders, with perhaps certain 
allowances for the normal expectancy of sales orders, form the basis for
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production volume. Also, the budget of materials, labor, and overhead 
costs in such companies cannot be prepared for a period far in advance 
of current orders. In the discussion that follows, we shall consider the 
budgeting of manufacturing costs principally in companies producing for 
stock.

Budget of Materials.—After the volume and time of production have 
been determined, detailed plans for the production costs must be made. 
The purchasing department then has a basis for scheduling the raw- 
material requirements, the personnel department has a basis for estimat
ing direct- and indirect-labor requirements, and the cost-accounting 
department can determine in advance the proper standard unit costs of 
materials, labor, and overhead expense, to be used in estimating profits.

In estimating the inventory of raw material and supplies to be carried 
over from one period to another, the budget committee has an important 
task. Sufficient supply of each item of material to fill orders is necessary, 
bu t oversupply is costly. For example, in an article on “ The Prevention 
of Failures in Business,” one writer refers to a company that was refused 
loans by banks and bond houses. The company needed more money and 
finally a constructive accountant was employed to investigate the situa
tion. “ He examined into their inventory, and found that they had in 
the inventory seven years’ supply of some of the parts that go into their 
assembly, and seven days’ supply of other parts. And he found that if 
the inventory was properly proportioned as to time needs, they would 
have three times the amount of capital available that they were trying 
to get. In other words, three times the capital that they needed was 
tied up in an inventory, part of which would not be called for within seven 
years.” 1

Planned purchasing offers opportunities for savings which can be 
obtained in no other way. When a definite volume of each product is 
to be produced, quantity purchases of raw materials can safely be made. 
Prices of materials often vary considerably over a period of six months. 
If the purchasing department analyzes the price conditions of the chief 
materials required and takes advantage of low prices and quantity dis
counts, considerable savings will be realized. Obviously, storage facil
ities will have to be considered, and capital requirements also, but usually 
if the company is in a position to buy at the opportune moment and 
knows the right quantities for future production, it can effect distinct 
savings in raw-material costs. If the right quantities are not known, as 
in cases where budget plans are not made, a large purchase at low prices 
may prove costly because of carrying charges and deterioration of the

1 P i n k e r t o n , P a u l  W., C.P.A., “ The Prevention of Failures in Business,” in 
The Certified Public Accountant, Septem ber 1928.
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material before it can be used. Under proper buying methods, adequate 
stores records are maintained showing exactly the quantities on hand, 
detailed requirements of the future are obtained from well-planned 
budgets of production, and price studies are made from information on 
crop reports, warehouse storage reports, export and import forecasts, 
current forecasts of domestic demand, and similar bases.

The Labor Budget.—Planned production encourages the training 
of employees. Under the procedure of planned production, work sched
ules often can be arranged which substitute permanent workmen for 
transients. As in the case of the California and Hawaiian Sugar Refining 
Company, previously described in this chapter, production may be 
planned to provide almost uniform employment, even though the sales 
demand is seasonal. In some types of work, this is very important in 
obtaining an efficient and contented personnel.

Piece-rate methods of wage payments are excellent in budgeting 
labor costs. Furthermore, bonus plans and premium rates not only 
encourage labor efficiency but also assist in obtaining uniform labor costs, 
for the workers are paid on the basis of performance rather than time. 
The development of such payment plans is not necessarily part of the 
budget procedure, but such plans often grow out of the adoption of 
budget methods and they assist materially in obtaining accurate budgets.

Budgets of Manufacturing Expenses, or Overhead.—In budgeting 
production, all costs must be scheduled. The cost of manufactured 
goods includes not only materials and direct labor, but also dozens or 
even hundreds of miscellaneous indirect costs of maintaining and operat
ing the plant. Some of these indirect costs exist regardless of the quan
tities produced, but other costs increase in total amount with the increase 
of production. Unless the total of these costs is computed in advance, 
the profits of the budget period cannot be estimated.

Effective budgeting of manufacturing expenses can best be secured 
by working out “ standard” overhead rates of cost. These standard 
rates, however, must be based upon estimated total future costs and future 
volume of production. Formerly, standard rates usually were deter
mined entirely from the records of the past. Under budgeting methods, 
the standard overhead rate is a rate for the future period, to be deter
mined on the basis of a planned future. Therefore, this standard is one 
with which actual costs can properly be compared. I t is determined by 
compiling the total overhead costs which definitely can be expected in 
producing the budget volume of each product, and then dividing this 
total by the production planned for each respective product. In com
piling many of the expected overhead or manufacturing expenses of each 
department, the department foremen and the factory superintendent 
can be of great assistance, and it is important in the control of these
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costs that they be made to feel their responsibility for keeping control
lable costs at a minimum. However, the actual allocation of general 
overhead costs to departments and the determination of the standard 
cost rates per unit of each product is a technical problem of cost account
ing which usually requires the assistance of the cost-accounting 
department.

Summary of the Results of the Production Budget.—To summarize 
the value of budgeting production operations in a manufacturing plant, 
reference is made to a statement of the industrial engineer of the Monroe 
Calculating Machine Company. “ The value of budget control cannot 
be too strongly emphasized. I t gives definite control over three impor
tant manufacturing elements—quality, amount of output, and unit 
cost. I t  means:

1. Better quality.
2. Greater quantity.
3. Lower cost.
4. Satisfied personnel. ” 1

Budget of Purchases in Merchandising Companies.—Analogous to 
the purchasing of materials for production is the purchasing of mer
chandise for sale. However, the budget procedure is more directly 
related to sales in planning purchases of merchandise than in planning 
raw-material purchases. In manufacturing plants, the material pur
chases are budgeted to meet production requirements which furnish 
finished goods inventories in preparation for expected sales demands, 
whereas in budgeting merchandise purchases the production plans are 
eliminated.

Modern department stores plan the sales of each department for the 
year in advance, for each month of the year, for each week of the current 
month, and even for each day of the week. On the basis of the sales 
plan for each month, “ open-to-buy” 2 allotments are made to each depart
ment buyer for several months in advance. These allotments are subject 
to revision, and even the current month open-to-buy total may be cut 
down or increased as the sales of each week or day fall short or exceed 
the budgeted amounts. In other words, the open-to-buy budget con
trols the entire merchandising operations in a very sensitive manner. 
But in order to use the open-to-buy effectively, statistical records must be

1 M c G r a t h , K e n n e t h , Industrial Engineer, Monroe Calculating Machine Com
pany, “ Cost Reduction through Budget C ontrol,” Manufacturing Industries, Vol. 
X IV , No. 4, p. 285, October 1927.

2 The term  “ open-to-buy” means the balance of purchases budgeted for the 
period; it  is the am ount th a t is “ open” to be bought within the period, or the rem ain
ing portion of the period, according to the budget plan.
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prepared daily in the accounting department. These records show for 
each department the open-to-buy for the month, the balance unused in 
each open-to-buy budget each day, the actual and the planned sales of 
the month to date, and a comparison of these amounts with corresponding 
periods of the previous year.

Budget of Expenses.—Planning the operations of a business does 
not end with the sales budget and the production budget or with the 
merchandise-purchases budget. All the expenses must be budgeted
il profits are to be controlled. Whether the enterprise is a manufacturing 
or a merchandising concern, the selling, general, and administrative 
expenses must be controlled in accordance with the sales plans.

For example, selling expenses should not be allowed to exceed profit
able limits in securing the estimated sales. In order to attain profits, 
standard costs or ratios of advertising, of sales salaries, of delivery costs, 
and of other selling expenses can be established in each organization. 
These are not only goals set for attainment; they often are the total 
allotments which will be allowed and paid for by the comptroller. Thus, 
upon the basis of the amount of sales budgeted for any one product, or 
for a given sales department, advertising expenditures are usually allowed 
in a predetermined percentage of these sales. The department or the 
product must show greater sales than were planned to justify increased 
advertising expenditures; that is, the ratio of advertising expenses to 
sales which is known to be profitable will be allowed, and the value of 
more advertising expenditures will have to be proved by actually obtain
ing more sales per dollar of advertising allowed than was expected. Then, 
as the actual sales exceed the budgeted sales, larger advertising appro
priations may be made up to the point where it appears that sales will 
be secured at a cost not exceeding the standard ratio of advertising to 
sales.

The determination of standard ratios of all selling and general expenses 
to sales is essential in preparing the budget of these expenses, but the 
standard ratios require keen judgment, both in computation and in 
application. Thus, standard ratios must be determined chiefly from 
past experiences of the company and of other companies, 1 and yet correc
tions must be made for costs which will be changed by new methods or 
changed conditions of the future. Also, in applying the ratios to deter
mine budget allotments in dollars, temporary differences in conditions, 
as compared with standard conditions, must be recognized.

Budget of Plant Requirements.—It has been previously mentioned 
that the master budget includes both an estimated profit and loss state-

1 The H arvard  U niversity Bureau of Business Research, and other business bureaus 
have collected and published inform ation on expense ratios from m any types of 
business organizations.
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ment and an estimated balance sheet. The budgets considered in the 
preceding pages are budgets of operating income and expenses, from 
which the estimated profit and loss statement is prepared for the budget 
period. To assist in obtaining the balance sheet expected at the end of 
the budget period, a budget of plant requirements and a financial budget 
must be prepared. Both of these budgets, however, must be considered 
in connection with the budgets previously described, for the sales, pro
duction, and departmental expense plans are predicated upon definite 
plant and cash requirements. In short, the plant must be provided to 
meet the operating plans, and the cash must be available when needed. 
If plant and financial plans cannot provide for the planned operations, 
the operating plans will require revision.

In a plant having a large amount of fixed assets, replacements and 
additions are continually necessary in some part of the plant. And yet 
it is important not only that the new equipment or buildings be ready 
for use when needed, but it is also important that equipment is not 
wasted by unwise selections or inopportune purchases. Under a planned 
budget of plant requirements, the needs of the plant in the way of addi
tions and renewals are carefully surveyed, and not only is the plant 
maintained in a better condition for operation, but also less funds are 
wasted in choosing and installing the equipment.

The plant requirements necessarily are compiled from within the 
plant. Department foremen in the factory, the delivery department 
manager, the sales manager if he is in charge of the warehouse and the 
store facilities, the office manager—in fact, all department heads who 
use equipment in their department operations—must survey their equip
ment needs for the approaching budget year, and report upon them to the 
budget committee. From the reports of these junior executives, the 
budget plans can be prepared after considering the relative importance 
of the various requests for equipment.

In some companies, the magnitude of the plant or equipment require
ments necessitates a central planning department with trained engineers 
who work continuously on the details of plans for additions to the plant. 
In railroads and other public utilities, it is the common practice to require 
these detailed plans and estimates of costs before the general plant budget 
will be adopted. When there is no central planning department, the 
individual department heads prepare the plans and estimates for the 
new equipment, often obtaining the assistance of the purchasing depai t-
ment in securing prices.

The Financial Budget.—The last budget, but by no means the least 
important under budgetary methods, is the budget of cash the financial 
budget. This budget is a careful estimate of the cash which will be 
available during the budget period, and the cash expenditures.
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In order to determine the cash which will be available from cus
tomers, the accounts and notes receivable a t the beginning of the period 
should be added to the amount of sales budgeted for the period, and from 
this the estimated accounts and notes which will remain uncollected 
at the end of the budget period must be deducted, together with the 
estimated cash discounts. Consideration of collections and general 
money conditions in the various sales areas is necessary in estimating 
the accounts which will remain uncollected at the end of the budget 
period. Many other factors will have to be studied also, such as the 
effectiveness of the credit and collection department, the possibility and 
the advisability of changes being made in the terms of sales, and tend
encies toward deferred datings on invoices.

All sources of cash must be considered. Investments may be held 
which it will be advisable to turn during the budget period. Additional 
issues of stock may appear advisable. Bank loans or bond issues may 
have to be planned to provide the funds needed. However, these latter 
sources will be considered only after determining the funds required for 
the planned operations.

In computing the cash needed, the requirements for purchases is 
one of the first considerations. To the accounts and trade notes payable 
at the beginning of the period must be added the planned purchases of 
materials or merchandise for the period, less expected cash discounts. 
Then the accounts and trade notes which will remain unpaid at the end 
of the budget period must be deducted. Similarly, purchases of equip
ment planned in the equipment or plant budget will have to be considered 
as to the cash payments which will be made thereon during the period, 
and as to the portion which will be unpaid at the end of the period. Fur
thermore, other cash requirements, as for bond sinking-fund payments, 
for maturing bonds and other loans, and for current expenses, will enter 
into the computation of the financial budget.

In estimating the cash required for current expenses, it must be 
recognized that not all expenses require cash in the period for which 
they are recorded, and some expenses may be paid for in advance. Par
ticularly, depreciation and depletion do not require cash, nor do the bond 
discount and expenses written off from deferred charges in a given period. 
But if interest is prepaid for periods in advance, or if rent, insurance, 
and other items are paid for in advance, cash is required in excess of 
current expenses.

The advantages of the financial budget in controlling the finances 
are too obvious to enumerate. But one particular advantage should be 
mentioned. The amount of cash on hand and the amount of liabilities 
of a company mean little, except in relation to the other assets and the 
volume of operations. To one trained in accounting principles, it will



426 B U SI N E S S  S T A T I S T I C S

be evident that the procedure of working out the financial budget results 
in estimates of many assets other than cash and in predictions of the 
amounts of all liabilities. By using these estimates and predictions, and 
by taking the estimated inventories from the production budget and the 
estimated plant additions from the plant budget, a balance sheet can be 
prepared showing the condition which the budgeted operations will 
produce. To the management, this balance sheet is valuable because all 
assets and liabilities are given, and the executives can, therefore, antici
pate the strength or weakness of the condition toward which the business 
operations are planned.

The Relation of the Statistical Department to the Budget.—The 
purpose of this chapter has been to describe the nature and the value of 
budgeting methods, with the emphasis placed upon the statistical methods 
and analyses tha t are necessary in preparing the budget plans.

Some of the statistical information used in budgeting will be collected 
from sources outside of the factory, the sales department, or the account
ing offices. Other information will be obtained from records or from 
employees’ estimates within these departments. Much of the work of 
collecting, tabulating, and analyzing this information is the work of the 
statistical department. However, it is not the duty of this department 
actually to prepare the budget. In other words, it should prepare infor
mation and analyses for the use of the budget committee, but the actual 
budget adoption is a function of the management.

Usually the statistical department is separated from the accounting 
department. Yet the accounting department should assist materially 
in collecting and in applying much of the information to the prob
lems of budgeting. Many of the procedures in preparing estimates 
to submit to the budget committee require accounting knowledge 
and technique.

The Budget as an Aid to Executive Control.—Again it should be 
emphasized that the budget system is more than a series of estimates. 
Although many estimates are made in preparing the budget plans, these 
plans, when adopted, become the basis of administrative policies and 
executive decisions. They are indeed the “ blue p rin ts” and the archi
tect’s specifications for the building of the business enterprise during the 
period for which they are prepared.

In a later chapter dealing with statistics in executive control, the 
aid of budgeting methods in management will be explained further.

Q uestions and Problem s
1. Explain the  difference betw een forecasting and budgeting.
2. Discuss the preparation and operation of a budget.
3. W hat p a rt should operating executives have in budget making and by whom 

should budget plans finally be prepared?
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4. Nam e the five parts  of the m aster budget.
5. W hat is the relationship of the m aster budget to  the m ain accounting s ta te

m ents or exhibits prepared by the accounting departm ent?
6. W hich p a rt of the m aster budget should be prepared first?
7. Discuss th e  period for which the sales budget should be prepared. W hat 

determ ines the period of prelim inary and of definite plans? Give three examples of 
period requirem ents.

8. How should da ta  on past sales be classified or analyzed for the sales budget? 
Name three bases of classification.

9. W hat correction m ay be necessary in applying da ta  on past sales to  fu ture 
expectations of sales?

10. W hat other steps in preparing the sales budget are necessary in addition to 
the study  of past data?

11. Discuss the use of m arket surveys and analyses in budgeting sales.
12. How do economic conditions affect dem and, and w hat da ta  should be obtained 

to indicate the relation of supply to  dem and? From w hat points of view should 
economic conditions be studied in budgeting?

13. W hat in ternal conditions w ithin the organization influence the budget?
14. Describe the procedure in coordinating production plans w ith the sales budget. 

W hat parts  or elements of production m ust be budgeted?
15. Describe how savings m ay be effected by careful budgeting of m aterial pur

chases and labor costs.
16. To w hat type of rates should m anufacturing or overhead costs be reduced? 

Explain.
17. Summarize the results of production budgets.
18. W hat is m eant by the “ open-to-buy ” in departm ent stores?
19. How do ratios assist in preparing the budget of selling and adm inistrative 

expenses?
20. W hy are budgets of p lan t requirem ents and of cash necessary and how are 

they obtained? How can complete balance sheets for future dates be obtained? 
Are they necessary? W hy?

21. W hat is the relation of the statistics departm ent to  budget preparation?
22. Prepare a report upon the budget plan of a concern in your own city which will 

cooperate w ith you in furnishing information. Include a  careful analysis of the 
statistical operations involved.



CHAPTER XIX

POPULATION AND PURCHASING POWER

Population data are of great importance in analyzing commodity 
markets, and in determining real estate situations, while in manufacturing 
and other types of production, they are especially significant in connec
tion with the labor supply. Because of this importance, such data are, 
in turn, of great value to investors, to bankers, and to management in 
general. If one is to appreciate the significance of population data in 
marketing commodities, real estate, or securities, he must also know 
something about the purchasing power.

The general use of data on population and purchasing power and 
practical methods of making estimates will be explained in the present 
chapter. Discussions of the more specific applications of these data will 
be included in later chapters on the use of statistics in production, market
ing, real estate, investing, banking, and management in connection with 
the practical problems that are being analyzed . 1

Detailed descriptions of methods of estimating population for periods 
when census enumerations are not available are included in this chapter 
for two reasons. The first is to provide data for the purposes indicated 
above. The second is to furnish examples of methods which illustrate the 
practical and systematic development of simple estimates. If the student 
fully appreciates the procedure involved in making these estimates, he 
will be able to apply similar methods in solving other business problems.

Uses of Population Data.—As previously indicated, population data 
are used to a great extent in some types of business and to some extent 
in practically all types. As a m atter of fact, the importance of watching 
population changes as an index of future business in many areas cannot 
be too strongly emphasized. This is especially important in the market
ing of commodities and real estate. For many products, the market will 
vary reasonably directly with the population. Consequently, accurate 
population data are necessary in determining the relative importance 
of the different parts of the m arket area, and in determining what changes 
are taking place in the different communities.

1 Chapters X X , Production and Labor Statistics; X X I, M arketing Analysis; X X II, 
Real E sta te  Analysis; X X III, Investm ent Analysis; X XIV , Statistics in  Banking; 
and XXV, Executive Control and M anagem ent Statistics.
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If a community is growing rapidly, the condition is favorable to a 
high rate of building activity, and to the expansion of retail stores, banks, 
and other business enterprises. If such a community ceases to grow, 
the continuance of the high rate of building construction, with the accom
panying financing, subdividing, street work, house furnishing, etc., is 
not necessary. I t  usually happens, however, that many poorly informed 
builders, subdividers, stores, banks, and others continue to prepare for 
an increasing population for some time after the growth has ceased or a 
decline has begun. The result is overbuilding, oversubdividing, and 
overexpansion of businesses, which, in turn, cause a great amount of 
financial loss and a large number of failures. This not only shows the 
value of population data, but emphasizes the need for current population 
indexes.

Salesmen’s territories, branch banks, wholesale agencies, retail stores, 
distributive systems, etc., should be apportioned in part according to 
the distribution of the population. In such work, it is again necessary 
to observe any important changes in population growth. The importance 
of this is illustrated by the experience of a certain concern in relation 
to its California sales territory. The state was divided into 1 0  districts 
in such a manner that they were approximately equal on the basis of the 
1920 census of population. Five years later, three of the salesmen were 
having great difficulty in selling the required amounts, while four of 
them were substantially overselling their quotas. At first the sales 
manager thought that the differences were due largely to differences 
in the ability and energy of the salesmen. But when an analysis was 
made of sales-district populations, it was found that six of the smaller 
counties had experienced decreases, one important county had an increase 
of over 1 0 0  per cent, and three other important counties had increases of 
over 60 per cent. When allowances were made for the changes in popula
tion, there were no significant differences in the work of the 10  salesmen.

In many cases, it is desirable to study the distribution of population 
within a city. Sometimes the purpose can be served by using the figures 
as reported by wards or enumeration districts. These areas may not be 
satisfactory, however, if the study covers a long period, as their bounda
ries are changed from time to time. In a number of cities, the total area 
is now divided into small areas, called census tracts , 1 which have perma
nent boundaries. The recording not only of population but of other kinds 
of data by these permanent basic unit areas is a most im portant aid in 
making local statistical analyses. 2

1 Census tracts, which have perm anent boundaries, should no t be confused with 
census enum eration districts, which do no t have perm anent boundaries.

2 The cities which had population recorded by census trac ts in 1930 were: New 
York, Chicago, Philadelphia, Baltim ore, Los Angeles, Boston, Cincinnati, St. Louis,
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In connection with the use of population data, it should be pointed 
out that erratic changes are not likely to occur under present conditions 
in large figures, such as the total for the United States. Similarly, 
erratic changes may not occur in some of the larger cities. But in many 
suburban areas, small communities, and even small sections of the coun
try, immigration or emigration is often taking place so rapidly that the 
short-time changes in the population are relatively large. This condition 
has not only characterized the growth of Florida and southern California, 
where the changes have been spectacular, but it is characteristic of prac
tically all active communities throughout the country.

Importance of Population Classes and Types.—I t is not only impor
tan t to know what the total population is for a given area but it is also 
important and sometimes necessary to have the data by classes and 
types. In analyzing the market in Peru, for instance, it is not enough to 
know that the population of Peru is about 5,000,000, which is roughly 
equal to the present population of Michigan. It is also necessary to 
know that about 50 per cent are Indians; 32 per cent are half-breeds; 
13 per cent are whites or slightly mixed whites; and 5 per cent are Negroes, 
Chinese, Japanese, and others. I t  is obvious that the wants of these 
different classes will vary widely and that they must be considered sepa
rately. And if one is to appreciate the true significance of the numbers in 
these classes, he must have reliable information on the purchasing power.

Permanent and Non-permanent Population.—When one is using 
population data in making a business analysis, it is very necessary that 
he know who have been included in the enumeration or estimate. As 
obvious as this point may seem to be, it is often overlooked by those who 
are using population data, and this results in much confusion and inaccu
rate application.

As pointed out previously (footnote, page 15), the United States 
Census includes in the population of a city only permanent residents or 
those whose actual homes are not elsewhere. Those whose actual homes 
are in New York, for instance, but who are in other parts of the country 
when the census is taken, are counted as of New York.

When the transients or temporary residents in a city constitute a 
large number as compared with the permanent residents, it often happens, 
obviously, that the Federal Census population data are not satisfactory 
in making various kinds of market analyses, as they represent only a 
part of the market. Not only must the permanent population be pro
vided with housing facilities, but also the persons who stay in a city a 
few weeks or months must be provided with temporary homes or hotel

Buffalo, W ashington, Cleveland, P ittsburgh, Nashville, Columbus, Indianapolis, 
Berkeley, Yonkers, and Syracuse.
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accommodations. And the transients who remain overnight must have 
lodging, while those who come in and leave the city the same day must 
be provided with working space, educational facilities, meals, shopping 
facilities, amusement, street space, etc. In other words, various popula
tion figures may be required for a certain city depending upon the uses 
that are made of the data.

Sources of Population Data.—The Federal Government took the 
first population census of the United States in 1790. Since that time a 
census has been taken every 10 years. In recent enumerations, the infor
mation that has been gathered has been very complete. The published 
reports give the numbers of persons living in the various states, counties, 
townships, cities, wards, towns, and other civil divisions. These data 
are classified in many different ways, such as by sex, age, urban or rural, 
marital condition, race, nativity, illiteracy, and occupation.

In some instances, a state or a city will take a census between the 
Federal Census dates. Such enumerations are especially valuable when 
there is a rapid rate of growth or when there is a change in the rate of 
growth . 1

For most practical purposes, it is necessary to have population figures 
at short intervals, say, of not greater than one year, and ordinarily they 
must be obtained by making estimates for the years between census dates, 
because the expense of making an actual enumeration is prohibitive. 
And since the census does not include the non-permanent population, 
estimates have to be made, in making most practical studies, to determine 
the total number of persons living in an area.

Population Estimates.—In making a population estimate, it is first 
necessary to determine exactly who shall be and who shall not be included 
in the figure. As previously indicated, this requirement, though it may 
seem to be a very obvious one, is frequently overlooked. Unless this 
requirement is clearly appreciated and carefully observed the estimator 
may include substantial numbers of non-permanent population in an 
estimate of permanent population. Or he may make an estimate of the 
permanent population and unintentionally overlook the non-permanent 
population . 2

1 Special S tate censuses were taken  in 1935 in Florida, Kansas, M assachusetts, 
South D akota, and Michigan, and in 1936 in Rhode Island. Special city  censuses 
were taken in Chicago in 1934 and in C incinnati in 1935.

2 Population estim ates often lead to  im portant controversies in connection with 
the rivalry between cities. And such controversies are no t of recent origin. When 
Sir Jam es P etty , for instance, estim ated the population of London back in 1686 and 
asserted th a t this city  was the largest in the world, M. Auzout of Rome objected and 
asserted th a t the city  of Rey in Persia was “ far bigger than  London.” The popula
tion estim ates published by booster organizations a t  the present tim e are often inflated 
and m ust be carefully checked before being used in any im portant analysis.
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Most population estimates in the United States are based upon deter
mining the increase that has occurred since the last Federal Census. 
The methods used will vary all the way from those which are based 
entirely upon mathematical projections of Federal Census data to those 
which determine the increase on some independent basis. The methods 
of making population estimates based on census projections, water serv
ices, building permits, city directories, enrollment and average daily 
attendance in elementary schools, telephones, and a number of other
series will now be discussed.

Estimates Based on Projection of Rate of Growth. Probably the 
simplest method commonly used is that of projecting the rate of growth 
which has been found to characterize the decade previous to the last 
census date. T hat is, the rate of growth that is found to exist from 1920 
to 1930 is projected until the 1940 census data are available. Graphi
cally, this would be plotting 1920 and 1930 data on a semilogarithmic 
scale’ fitting a straight line to these points, and projecting it to 1940. 
Obviously, this method is not reliable, except in communities where the 
rate of growth is known to be stable and free from erratic influences. In 
periods of rapid growth, such as those which characterized Detroit, 
Florida, and southern California in the 1920’s, it is obvious that this 
method should not be used at all for most practical purposes and tha t the
estimator will have to use other methods.

The Bureau of the Census, in making its estimates for cities and 
states before July 1, 1928, used the straight line projection method, 
which is fairly satisfactory for the nation as a whole and for communities 
with a reasonably stable rate of growth, but it is unsatisfactory where 
current data are most needed; that is, where changes are large or erratic. 
The Bureau now bases its estimates of the total population of the United 
States on the records of births, deaths, and net immigration, so 
that the result can be accepted with a good degree of confidence notwith
standing the lapse of time since the last census. But this is a method 
which is not applicable to the individual states or to smaller political 
units, since no record of the migration to or from states and cities is 
available. In estimating the population of the states, therefore, the 
Bureau gives consideration to trends indicated by school enrollment, 
birth and death data, results of any state censuses that have been taken, 
and any other significant items that may be available.

In estimating the population of cities and counties, the Bureau 
formerly used the method of projecting the increase shown by the last 
two censuses. This method, however, yielded very uncertain results when 
applied a few years after a census had been taken, and the Bureau 
discontinued its use. The estimates made for July 1, 1933 were based 
on the assumption that the increase in any area between 1930 and 1933 
bore the same relation to the increase in that area between 1920 and
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1930 that the increase in the United States as a whole between 1930 and 
1933 bore to the increase in the United States as a whole between 1920 
and 1930. Since tha t time, however, city estimates have not been 
made because it became evident that because of the unusual movements 
of population that had taken place after 1930, estimates made by any 
mathematical formula were far from satisfactory.

Estimate Based on Water Services.—Although the method of pro
jection just described is commonly used for general purposes, it is ordi
narily necessary to use other methods when making careful studies. 
Most of the methods of estimating population are based on the use of 
readily available series which have a high degree of correlation with 
population. One of these series is domestic water services. I t  is obvious 
that domestic water consumption, or domestic water services, should have 
a relatively high relation to the number of persons in the area, because 
water for domestic use is a common necessity, with a relatively stable 
rate of consumption per capita.

In general, the method of estimating population on the basis of water 
services is as follows: If there was a population of 500,000 in a certain 
city in 1930 and this city had 10 0 ,0 0 0  domestic water services a t tha t 
time, it follows that there were 5 persons per service. Suppose that 
we find that practically the same situation existed in 1910 and 1920, 
and that apparently nothing has happened to change this relation mate
rially. Then if there are 200,000 domestic water services in the city on 
January 1, 1938, our estimate of the population of that date would be
200,000 X 5, or 1,000,000 persons.

The method of estimating population on the basis of water services, 
as mentioned above, may seem to be simple. In general, it is merely 
tha t of dividing the Federal Census population figure by the number of 
water services for the census year, and then applying the quotient as a 
factor to the service data for any other year. Ordinarily, however, 
in computing the basic factor and in making the final estimate, many 
adjustments and corrections must be made. The more important diffi
culties that were met in a practical problem of estimating the population 
of Los Angeles for January 1, 1927, illustrate the types of difficulties that 
may be encountered. These will now be discussed.

I t  was found tha t the installation of water services had a distinct 
seasonal variation and tha t it  was influenced by the business cycle in 
building activity. This seasonal variation and cycle did not correspond 
to the population seasonal variation and cycle. Care had to be taken, 
therefore, tha t the estimate was not influenced by seasonal changes, or 
by the upward or downward slope of the cycle.

I t  often happens that the boundaries of an area served by a city water 
department are not the same as the city’s corporate limits. In this city 
under discussion, the city water department served an area which
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extended beyond the corporate limits of the city itself, but the number of 
services was small. The exact number outside was not known, but in 
1923 it was estimated that about 3,800 services of the department were 
outside the city limits. To counterbalance this, however, an investiga
tion a t tha t time showed that five private water companies operated 
within the city limits and provided approximately 4,000 services to city 
dwellings.

The annual increase of services of the city water department included 
new services installed, and also the services acquired by purchase from 
private companies operating in the city and in annexed territory. Serv
ices acquired in the older parts of the city may represent no new increases 
in population, but those acquired when an area is annexed to the city 
may be good indicators of the increases due to annexations.

I t  was desirable to know the number of water services used for domes
tic purposes only, but the data were not available. Many services fur
nished water to buildings where shops and stores existed jointly with 
living quarters. The commercial, industrial, and domestic services 
were, therefore, in one amount. As long as the percentage relation 
between the domestic and business services remains the same, no error 
develops, but if one grows faster than the other, the resulting estimate 
may be faulty.

In addition to the foregoing difficulties, the data included (under 
varying designations) free services for parks, city buildings, and sewer 
flushing; services for private fire protection; irrigation services; services 
with meters out; services disconnected entirely; and services shut off 
due to vacancy, delinquency in paying bills, and other causes. In the 
case of disconnected services, the serial number of the service was resold 
as a new installation. Services are sometimes ordered but never put in, 
or are ordered one year and installed the next. All of these conditions 
must be observed and corrections must be made to offset the difficulties 
when possible. When it is impossible to make corrections, allowances 
must be made when using such an estimate. When actual data for mak
ing the adjustments and corrections cannot be secured, the expert opin
ions of the water department officials are often very valuable in improving 
the basis for the estimate.

In this case, analysis brought out the fact that although free services 
were uniformly about 3 or 4 per cent of the total, disconnected services 
had decreased from 7 per cent to 1.3 per cent over a 15-year period. 
An attem pt was made to deduct all items not related to domestic services. 
I t  was possible, however, to deduct only the free services and 
disconnects.

Since November 9, 1926, the water department of this city has 
installed water services for vacant lots for the purpose of avoiding as
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much as possible the necessity for future excavation in the pavement. 
These services are easily deducted as the number is reported, but care 
must be taken to see that such services are not included in the figure used 
in making the population estimate.

On the basis of various estimates, it was determined that, under 
average conditions, water services installed for residence use would not 
be used by tenants until approximately three months after installation, 
because a service usually was installed to provide water for construction 
as soon as the building permit was secured. Even after the house is 
completed it often happens that it is not occupied for some time. In 
order to allow for this lag between the installation of the service and 
its domestic use, therefore, the services which were related to the people 
counted in the census of January 1 , 19201 were those inventoried three 
months earlier—about October 1, 1919. For the 1910 factor, the serv
ices were adjusted in conformity with this lag to January 15, 1910, to 
apply to the census date April 15, 1910.1 The same adjustment was 
made in the data used for the 1927 estimate.

If the proportion of vacancies in the various types of dwellings 
changes, then the relation between water services and population will also 
change. I t was estimated that in January 1920 only 3.2 per cent of the 
residential accommodations in the city were vacant. A survey made on 
December 15, 1926, showed that the proportion vacant was 8 .2  per cent. 
I t  is possible to make a reasonably accurate correction for vacancies in 
this city from the quarterly vacancy figures that are available. In this 
instance, the correction amounted to a deduction of 18,400 meters from 
the 1927 figures.

After the necessary corrections and adjustments were made in the 
water-service figures, the persons-per-service factors found for 1910 
and 1920 were 5.142 and 5.325, respectively. This seemed to indicate a 
gradual increase of persons per service. And there were a number of 
other conditions which indicated that a progressively increasing factor 
should be used. Undoubtedly there was a change in relation between 
water services and population, due to the increasing proportion of multi
ple family dwellings, since the city water department installs but one 
service for a duplex, a flat building, or for an apartment house in this 
particular city. Consequently, from one to a considerable number of 
families may be represented by one service. While such conditions 
indicated the necessity for a progressively increasing factor of persons

1 The Federal Census of 1920 was taken  as of January  1, 1920, while the Census of 
1910 was taken  as of April 15,1910. In  bo th  years the w ater services were inventoried 
as of June 30 or Ju ly  1. The lag m entioned m ust be checked every tim e an estim ate 
is m ade as it  is probable th a t it is subject to  considerable change. (The Census of 
1930 was taken  as of April 1.)
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per service, there were two offsetting factors which had to be considered. 
In the first place, there is a strong tendency for the average-sized family 
in the city to become smaller as the proportion of apartment dwellers 
increases. 1 In the second place, the number of vacancies in apartment 
houses and other multiple-family structures was relatively high, and 
consequently the increase in the factor of persons per service did not bear 
a direct relation to the increasing proportion of apartment house units 
furnished. This presents a real difficulty in using this method when there 
is a large increase or decrease of the population dwelling in apartment 
houses. The change would not be reflected in water services because as 
long as there is any occupancy a t all in a multiple-family structure the 
service will be operated.

Obviously, it was desirable to allow for some increase in the factor of 
persons per service. Just what this increase should be was a question 
that could not be decided on a statistical basis without making more 
elaborate calculations than were possible under the circumstances. 
Finally, it was decided to use an approximate projection of the rate of 
change indicated from 1910 to 1920, which gave 5.46 as the 1927 factor of 
persons per service.

On the basis of the foregoing methods, qualifications, and adjust
ments, the final number of services to be used with the factors computed 
in this investigation was 205,222 for January 1 , 1927. This number 
multiplied by the persons-per-service factor of 5.46 gave 1,120,512 as the 
estimated permanent population of Los Angeles for January 1, 1927.

There are many methods, other than those discussed, of making 
adjustments and corrections in water-service data when estimating 
population. The methods that are given were actually used in a prac
tical problem of business analysis and are submitted as examples which 
indicate the common types of problems that arise, and show the solutions 
that were believed to be practical for the purpose a t hand. These sug
gestions should be helpful in developing a procedure when estimating 
population for this or some other city.

Estimate Based on Building Permit Data.—When making a popula
tion estimate on any basis, it is important to check it with other inde
pendent bases. Before accepting the preceding estimate of population 
for Los Angeles for January 1 , 1927, estimates were also made on several 
other independent bases. One of the best of these was the number of 
family accommodations in residential building permits. If the building 
department of a city keeps records showing the number of family accom
modations for which permits to build have been issued, one may have a

1 T he average num ber of persons per fam ily in Los Angeles decreased from 4.057 in 
1910 to 3.616 in 1920 and 3.342 in 1930.
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good basis for estimating population. Such an estimate is based prin
cipally upon adding the increases in family capacities to the total capaci
ties that existed on the census date, subtracting the vacancies, multiplying 
by the number of persons per family, and correcting for non-permanent 
residents and annexations.

The process of making the estimate will be explained in detail in 
connection with Exhibit 186. The first item (number of permanent and 
non-permanent families for January 1, 1920) is based upon the census of 
that date. The Federal Census, however, gives only the permanent 
residents. Obviously, it is necessary to know the proportion of non
permanent residents in order to get the total of all residential capacities. 
This figure was not readily available, but upon investigation it was found 
P o p u l a t i o n  E s t i m t e  B a s e d  u p o n  F a m il y  C a p a c i t ie s  o f  B u i l d i n g  P e r m i t s ,

Los A n g e l e s , J a n u a r y  1, 1927
1. Families, perm anent and non-perm anent, January  1, 1920...................  181,223
2. E stim ated fam ily capacities vacan t January  1, 1920............................... 5 ,763
3. E stim ated family capacities under construction January  1, 1920........  1,930
4. Fam ily capacities, perm anent and  non-perm anent, added to January  1,

1927..................................................................................................................... 174,059
5. T o ta l fam ily capacities, perm anent and non-perm anent, January  1,

1927..................................................................................................................... 362,975
6. D educt for vacan t and under construction .................................................  — 34,483
7. T otal family capacities, perm anent and non-permanent, occupied. . . .  328,492
8. D educt non-perm anent fam ilies.....................................................................  —44,346
9. T otal perm anent fam ilies.................................................................................. 284,146

10. T otal perm anent persons (284,146 X 3.616)..............................................  1 ,027,472
11. Add population annexed...................................................................................  86,890
12. T otal perm anent population ............................................................................  1 ,114,362

E x h ib it  186.—Illustra tion  of procedure in making population estim ate on the basis of 
family accomodations added according to building permits.

from a private source, which had a close check upon these conditions in 
1920, that the proportion of non-permanent residents at that time was 
approximately 12 per cent. The number of permanent families enumer
ated on January 1 , 1920, by the Federal Census was 159,476. Consider
ing this figure as 88  per cent of the total, we have 181,223 as the total 
permanent and non-permanent families, as shown by the first figure in 
the table in Exhibit 186. This figure was taken to represent the total 
occupied dwelling capacities. The next step in building up the total 
of all dwelling capacities, was to add the number vacant. This was deter
mined by an estimate and is shown as the second figure (5,763) in Exhibit 
186. As the increase since the last Federal Census is based upon the 
total increase of dwelling accommodations for which permits to build 
have been issued, it was necessary to add also the family capacities 
under construction in January 1920. No information or definite esti
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mate was available on this point, but an investigation indicated that the 
average length of time required for construction of residential buildings 
a t that time was about three months and, consequently, the number of 
family capacities for which permits had been issued during the three 
months prior to January 1 was taken as the number under construction, 
and this number (1,930) is shown as the third figure in Exhibit 186. To 
the figures previously obtained, the total number of family capacities 
for which permits were issued during the period from January 1, 1920, 
to January 1, 1927 (174,059), was added as shown in Exhibit 186, and 
this gave the total family capacities for the desired date. This number 
is 362,975 (see Exhibit 186).

With the total family capacities determined for both permanent and 
non-permanent population, including those vacant and under construc
tion, the next step was to deduct the vacancies and the accommodations 
under construction. Fortunately, in this city, quarterly surveys were 
available which furnished data on the proportions vacant and under 
construction. The total number of family capacities was multiplied by 
this percentage (9.5) 1 and the result (34,483) was subtracted as shown 
in Exhibit 186. In order to arrive a t a figure which is comparable with 
the Federal Census figures, the estimate must include only the permanent 
population, and, consequently, the non-permanent must be deducted. 
From time to time, surveys have been made on a sampling basis in this 
city in order to arrive at a reasonable estimate of this proportion, which 
was deducted as shown by item 8 in Exhibit 186, leaving a total of 284,146 
permanent families.

Having determined the total number of permanent families, the next 
step was to multiply this figure by the number of persons per family as 
indicated by the last Federal Census. To this figure, estimates of the 
population of annexations, as indicated by the city records, were added, 
which gave a final figure of 1,114,362 for the total permanent population 
of the city on January 1, 1927 (last figure in Exhibit 186). This figure, 
it will be noted, corresponds closely to the estimate based on water 
services.

No direct correction was made in Exhibit 186 for family capacities 
added by alterations and additions, since no definite figures were avail
able. After a study of the problem, however, it was believed that these 
additions were very closely offset by the deductions due to family capaci
ties demolished, destroyed by fire, or converted into business buildings, 
and permits issued but not acted upon.

The preceding discussion indicates the steps tha t were taken, but 
it does not indicate fully the care that must be used in taking each step.

1 S trictly speaking, th is is a  factor for December 15, 1926 (published in the Eberle & 
Riggleman Economic Service for December 27, 1926), adjusted to  January  1, 1927.
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As an indication of the analysis that should ordinarily be applied, the 
factor of persons per family, used in item 10  in Exhibit 186, will be exam
ined. The Federal Census enumerates the families as well as the individ
uals in each civil division. By dividing the number of persons by the 
number of families, the number of persons per family was obtained. On 
January 1 , 1920, Los Angeles had 576,673 persons and 159,476 families, 
which places the average size of its census family a t 3.616 persons. The 
census family differs from the natural family. The following quotation 
Irom the 1920 Census explains this difference:

The term “ family,” as used in the census, signifies a group of persons, whether 
related by blood or not, who live together as one household, usually sharing the 
same table. One person living alone is counted as a family, and, on the. other 
hand, all the occupants and employees of a hotel, boarding house, or lodging 
house, if that is their usual place of abode, and all the inmates of an institution, 
however numerous, are treated as constituting a single family. Thus the census 
family may be either a private family or an “ economic family.”

In the Census of 1900, an investigation was conducted to determine 
to what extent the census family differed from the private family in 
numbers of persons. I t  was found that there was practically no difference 
for the nation as a whole or for many of the states. However, in com
munities where unusual conditions prevailed, such as the presence of 
a large floating population, large schools, hospitals, or construction camps, 
the difference was found to be marked. The number of persons per 
family has been decreasing steadily in the United States. In 1850, there 
were 5.6 persons per family as compared with 4.3 in 1920. I t  was of 
greater significance in this survey, however, to consider the situation 
in California and Los Angeles. In California, the number of persons 
per family increased from 3.769 in 1840 to 4.917 in 1890, and then 
decreased to 3.80^ in 1920. I he early increase was caused by a large 
floating population entering the state a t the time of the mining and rail
road booms. Many persons a t that time lived in public places. The 
decrease has probably been due to a change from living in hotels, board
ing houses, and camps to living in private homes; a decrease in the birth 
rate; and an influx into southern California of many persons who do not 
bring their families with them. Data on sizes of families were not avail
able for Los Angeles for dates earlier than 1890, but since that time the 
number of persons per family had decreased from 4.558 to 3.616 in 1920.

Obviously, in an estimate of population which is based upon a com
putation of families multiplied by the number of persons per family, 
considerable importance must be attached to the accuracy of this factor, 
because an increase or decrease of a few tenths will materially raise or 
lower the estimate. Accordingly, the question arose as to whether the
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factor of 3.616 persons per family for Los Angeles should be accepted or 
changed. On the one hand, strong claims were made that the increase 
in industrialization during the preceding seven years had caused the 
number of persons per family to increase, while, on the other hand, it was 
pointed out that the trend of the last four Federal Census factors indicated 
further decrease. I t  was difficult to see how the factor could increase, 
because it was evident that a large part of the incoming population was 
of the retired type, and apparently those who came to work in the indus
tries were composed largely of those with no families or with small fami
lies, because they could move more readily than those with large families. 
However, it did not seem probable that the factor had decreased further, 
as it was lower in 1920 than the factor for any other city of over 10 0 ,0 0 0  

in population. In view of these considerations, it was decided to use the 
1920 size of family in making the estimate under consideration. (It 
may be of interest to note that when the Federal Census was taken three 
years later, the size of family in Los Angeles was found to be 3.359 
persons.)

Estimate Based on City Directory.—Though the proportion of a 
city’s population that is listed in city directories sometimes fluctuates 
widely over a period of time, it is ordinarily a good basis for estimating 
population, providing the estimates are made by those who are familiar 
with current population characteristics. As in the case of water serv
ices, this estimate depends upon finding the relation of the number of 
names in the directory to the Federal Census, and then applying the 
factor th a t is found to the number of directory names for succeeding 
years. T hat is, if the city has a population of 500,000 on January 1, 
1930, and there are 10 0 ,0 0 0  names in the city directory as of this date, 
then the number of names in the directory multiplied by 5 would give 
the population for the following years. I t  is obvious that the accuracy 
of this estimate depends upon a constant relation between city directory 
names and population, or, in other words, it depends upon securing the 
same proportion of names year after year. One check which is of value 
in this connection is to see whether the factor is the same for several 
preceding census dates. Other checks, however, which fit the particular 
case must be applied for the purpose of finding out as much as possible 
about conditions since the last census date. This basis will not be dis
cussed further a t this point. From the previous detailed discussion of 
water services and building permits, the student will appreciate that the 
same type of procedure and care characterizes the making of population 
estimates on other bases.

Estimate Based on School Data.—One of the most readily available 
series upon which a population estimate may be based is that of elemen
tary school enrollment. This is ordinarily available by cities, counties,
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and states. Average daily attendance figures are also valuable either 
for use as a direct basis or as a check upon the enrollment figures. In 
communities where there is a rapid turnover of population, the average 
daily attendance figures sometimes constitute a more representative 
basis than the enrollment figures. Elementary school figures are ordi
narily the best, as they have a more constant relation to the population 
than high-school or evening-school enrollment. As is the case with 
water services and building permits, there are often many corrections 
and adjustments which must be made. The exact nature of these will 
be indicated by a study of the individual case. Ordinarily, allowances 
must be made for seasonal variation, schools outside the city proper but 
in the city system, schools recently added to the city system, and changes 
in the proportion of private schools. All that was said in connection 
with the building permit basis regarding changes in the size of the family 
applies with equal importance to the school enrollment basis.

Telephones, Gas and Electric Services.—Three other bases that can 
be used in a manner similar to water services are telephones, gas services, 
and electric services. As is the case with the preceding bases, these 
series must be corrected and adjusted to make the correlation between 
them and the population as high as possible. If, for instance, the propor
tion of business telephones is increasing, the proper allowance must be 
made. Adjustments usually must be made when using telephones and 
gas or electric services because of the fact that the serving areas of these 
public utilities are seldom the same as the areas within the municipal 
boundaries of the city. Such figures as electric services must be carefully 
analyzed to see that the correlation with population is high. In one 
city, for instance, there were large figures for new services. I t  was found, 
however, that a large portion of these did not represent increased popula
tion but were simply replacement installations required because of the 
increased use of electric appliances. Similarly, domestic electric power 
consumption is not a good index of population growth because the domes
tic use of electric power is increasing at a more rapid rate than population, 
owing to the increased use of new electrical household equipment.

Estimate Based on a House Count.—In certain instances, none of 
the preceding bases can be used. In suburban cities and towns, it often 
happens that conditions change so rapidly that the relations between 
population and the various series previously mentioned cannot be 
determined definitely enough to be dependable. In such instances the 
house-count method has been found to be a practical one. In this 
method, enumerators simply count the occupied dwellings and the result 
is multiplied by the average number of persons per dwelling. I t is usually 
advisable to make a sample check to determine a reasonable factor of 
persons per dwelling.
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This method is a reasonably simple one when the dwelling places 
counted consist of single-family dwellings. When apartments, hotels, 
and rooming houses are present, the problem of determining the popula
tion becomes a more difficult one.

In some instances, the Federal Post Office, public utilities, or other 
organizations have made such house counts for their own purposes, and 
the data may be obtained from them for use in making population 
estimates.

The house-count method is the only method included in this discussion 
which is independent of the Federal Census. In all of the other methods, 
the census figures are used as a basis for determining the factors to be 
applied to the data, or the census enumeration is used as a base to which 
subsequent increases are added. I t should also be noted that the house- 
count method, as above outlined, includes both permanent and non
permanent population.

Semiannual, Quarterly, and Monthly Estimates.—Annual estimates 
of population are sufficient for most purposes, but in some instances it 
is desirable to have estimates a t semiannual, quarterly, or even monthly 
intervals for areas where it is known that the population is rapidly chang
ing. Any of the bases previously discussed can be used in making semi
annual, quarterly, or monthly estimates if the data can be secured for 
corresponding intervals. Ordinarily, however, this is possible for only 
a few of these series. But this is not a serious difficulty, as an annual 
estimate can be made by using several bases and the, say, monthly esti
mates can be carried forward through the year by using a few available 
series. Then, at the end of the year, another annual estimate can be 
made by using a larger number of bases, and so on.

Estimating Non-permanent Population.—As has been pointed out 
from time to time, the practical use of population figures usually depends 
upon having the total number of all persons in the area under considera
tion. Census data (or comparable estimates) can be made to include the 
non-permanent population by making an investigation on a sampling 
basis to determine the percentage whose permanent residences are in 
other parts of the country, and then raising the figures in the proper 
proportion. This investigation ordinarily must be made by having a 
field enumerator make personal calls upon a representative number ol 
families. On his schedule he can record the number of persons in each 
family and indicate whether the family resides in the city permanently 
or whether some other city is considered as its permanent address.

The house-count method, as previously described, includes both 
permanent and non-permanent population. In other words, it includes 
the total of all persons in the area covered, and no correction need be made 
if the total figure is the one desired. If, however, a figure including
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only the permanent population is wanted, the non-permanent will have 
to be estimated and deducted.

Importance of Purchasing Power.—As previously stated, it is difficult 
to base any conclusions on population unless one knows something about 
the purchasing power. This not only is important to those who are 
selling goods directly, but it is also important to bankers, realtors, and 
other business men whose operations directly or indirectly depend upon 
the purchasing power of the districts into which they are extending their 
operations. One of the reasons why one sees so many suburban stores 
going out of business is that there is not enough purchasing power in 
their immediate communities to justify their existence. This is especially 
true during a decline in business activity. I t  is understood, of course,' 
that purchasing power is only one of the factors that should be considered 
in the preceding instances. Competition should be carefully analyzed 
while the types of buyers, their customs, nationalities, occupations, 
standards of living, and the like must be studied.

The importance of population to different kinds of commodity mar
kets varies with the size of the individual incomes. When using pur- 
chasing-power statistics the following tendencies should be observed: (a) 
the greater the individual’s income, the smaller is the percentage spent 
for food; (6) as the income increases, the percentage spent for clothing 
is approximately the same; (c) as the income increases, the percentage 
spent for rent, fuel, and light is approximately the same; and (d) as the 
income increases, the percentage spent for luxuries becomes greater . 1 

The relative position of the buyer in the business cycle should be carefully 
determined. In a period of increasing or high prosperity, the buyer tends 
to spend relatively more of his income than when conditions are poor. 
In a period of depression, purchasing power will ordinarily decrease, 
but even in cases where one can maintain the same income it will not be 
spent as freely.

In analyzing long-time trends in the United States market, the seller 
must appreciate the basic changes that have taken place. Not only has 
there been a tremendous increase in the national income, but the relative 
importance of the sources has changed. One of the curves in Exhibit 187 
has been adjusted for changes in price level. Such an adjustment should, 
of course, be made in problems where the data are considered as repre
sentative of real purchasing power.

Purchasing Power Compared with Population.—Obviously, the dis
tribution of purchasing power will often be quite different from the 
distribution of population. That is, an area which has a small population 
may have a high purchasing power, while an area that has a large popula

1 These tendencies are sometimes referred to  as “ Engel’s law .”
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tion may have a low purchasing power. In Los Angeles in 1926, for 
instance, about one-twelfth of the families received an income of over 
$5,000 per year, but the total income received by this one-twelfth con
stituted about one-third of the income of the entire city. Over 55 per 
cent of the families in the city received incomes between $1 ,0 0 0  and 
$2,500, but the total income of this group aggregated less than one- 
third of the total purchasing power of the city. In such problems as

NATIONAL INCOME IN THE UNITED STATES 
I9IO-I937

BILLIONS 
OF DOLLARS

E x h i b i t  1 8 7 .—In such problems as analyzing the United States market, the changes in 
both money income and real income must be carefully considered.

locating neighborhood stores or branch banks, the purchasing power 
per capita of the different sections of a city must be carefully analyzed.

Recent Developments in Measuring Purchasing Power and in Using 
Purchasing-power Data.1— “ Until within a few years the buying capacity 
of the United States market, as applied to the sale of the products of any 
one concern, could be measured with sufficient accuracy by any good

1 The first four paragraphs of th is discussion of recent developm ents in  measuring 
purchasing power and in using purchasing-power da ta  are abstracted  from “ Some 
R ecent Developments in M arket Analysis,” an address delivered before the Taylor 
Society by Paul T. Cherington, D irector of Research, J. W alter Thompson Company.

P O P U L A T I O N  A N D  P U R C H A S I N G  P OW ER 445

thumb-rule. The National Cash Register Company, for example, is 
said to have based its sales plans quite successfully for many years on an 
estimated annual consumption of one cash register for each 400 people. 
Other concerns for years did a satisfactory business on similar rough 
general approximations of consuming capacity. But in recent years, 
the shortcomings of such general averages have been increasingly appar
ent. They have required so many local adjustments that they have long 
ago ceased to be even roughly approximate bases for the construction of 
sales quotas. Within the past ten years many new suggestions have 
been tried out, and within the past five years substantial progress toward 
more accurate methods has been made. In this connection, one of the 
principal efforts has consisted of weighting the counties according to 
some measure of purchasing power.

“ One of the earliest of the widely accepted suggestions for indicating 
buying power by counties, was that developed by the Curtis Publishing 
Company in which it based the buying capacity, first of states and then 
of cities, and finally of counties, on the combined circulation figures 
of their three publications—a woman’s magazine, a popular weekly, 
and a farm magazine. These three publications operating in three 
distinct fields had, for several years, been consistently a t work building 
up circulation of these three types. These circulation efforts constituted 
a process of selection of three well-defined types of people which had been 
carried on consistently on a large enough scale and over a long enough 
period to result in characteristic selections from the total population. 
These figures have been widely used and have proved to be of real value 
in sales quota construction.

“ A similar selection has been made use of by the Crowell Publishing 
Company, which pushed the use of such figures a step farther by combin
ing them with other figures indicating the accessibility and purchasing 
power of the country by counties. Much use has been made of the 
figures on income prepared by the National Bureau of Economic 
Research, and the estimates of purchasing power by counties prepared by
H. G. Weaver of the General Motors Corporation. With these in 
combination a set of figures has been developed covering effective incomes 
by counties which have proved to be of great value in sales quota 
construction.

“ Another line of effort which paralleled these in a measure, in point 
of time, has been working out of trading centers. In this work, the two 
most conspicuous contributions have been the list of 657 trading centers 
worked out by the International Magazine Company, and the figures 
covering the 81 cities of 10 0 ,0 0 0  population, or over, combined with the 
population and purchasing-power figures for the surrounding territory 
covered by a leading newspaper in each of the cities.”
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A compilation of statistical data, which no one should be without who 
is concerned with the determination of purchasing power by trading 
areas, is the “ Consumer Market Data Handbook of the United States” 
(published by the United States Bureau of Foreign and Domestic Com
merce). This handbook presents for the counties of the United States 
data of many types, which can be used as indexes of purchasing power, 
both as to quantities and types. Another valuable statistical aid is the 
quarterly Brookmire Income Map, published by the Brookmire Economic 
Service, which forecasts consumer income by cities, states, and industries, 
see page 380. In problems involving national income data, the estimates 
of the United States Bureau of Foreign and Domestic Commerce, the 
National Bureau of Economic Research, and the National Industrial 
Conference Board are generally used.

More will be said about the application of p'urchasing-power data in 
Chapter X X I on Marketing Analysis.

General Motors Purchasing-power Index.1—As an example of a 
practical method of developing a purchasing-power index on a county 
basis, the General Motors Purchasing Power Index will be described 
briefly. This explanation will also serve as a suggestion of how similar 
statistical problems may be approached and worked out on a practical 
basis.

“ Many data exist which reflect directly or indirectly the relative 
economic importance of the various counties in the United States, and 
extensive use has been made of them in connection with market analysis 
and advertising. The market for the average product depends upon 
purchasing power and this, in turn, depends primarily upon the income 
enjoyed by a given territory.

“ The county data generally available are:

Value of m anufactured products. Magazine circulation.
Value added by m anufacture. N um ber of retail outlets.
Value of m ineral products. Automobile registrations.
Value of fishery products. N um ber of telephones.
Value of farm  crops. B ank deposits.
Population data. N um ber of banks.
Incom e-tax data . Industria l wage earners.

“ Incomes by counties are not available, but for certain past years reli
able estimates of incomes by states have been developed by the National 
Bureau of Economic Research. On the basis of tax returns, crop reports,

1 This description of th e  General M otors Purchasing Power Index is quoted from 
an article on the subject by  H. G. W eaver of the General M otors Corporation, in 
Manufacturing Industries, Vol. X I, No. 4. The index has been used extensively by 
the General M otors Corporation. Mr. W eaver was aw arded the Edw ard Bok prize 
of $2,000 for this developm ent as the m ost outstanding research in the selling and 
advertising field in 1925.
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debits to individual accounts and other available data, it is possible to 
develop similar estimates for later years. By this method the income of 
each state in the union was estimated and these estimates, coupled with 
the estimates of the National Bureau of Economic Research, provided 
us with data whereby the average income of each state might be estimated 
for the past five years.

“ I t  was evident that if some kind of formula could be developed which 
would enable us approximately to calculate this known quantity of 
income for each state, and if in the development of this formula we would 
use only such data as were also available by counties, we would then have 
a formula which, in all probability, would be approximately true for the 
calculation of county income.

“ By reducing the state data to a percentage of the United States 
basis it was possible to appraise each factor as regards its correlation with 
the per cent of effective income in each state. Over 1,000 tests were 
then conducted involving various combinations of the percentage data 
to determine just which elements provided the best indices to effective 
income. The following were chosen as the most pertinent or ‘appro
priate’ material to use for this particular purpose:

A — Per cent of value of products including:
Added by manufacture (United States Census, 1919).
Farm crops (United States Census, 1920).
Live-stock products (estimated by Crowell).
Mineral products (United States Geological Survey, 1922-1923). 
Fishery products (United States Bureau of Fisheries, 1920-1923).

B  =  Per cent of retail outlets (R. L. Polk Census, 1922).
C = Per cent of total population (United States Census, 1920).
D =  Per cent of income-tax returns (United States Bureau of Internal 

Revenue, 1922).

“ I t was found that the proper combination of these percentages lay 
somewhere between a simple average and a weighting of the income-tax 
data twice, three, four, and five times. The formula reads:

A + B + C + M X D
n ------------- ;

where M  is a multiple (1, 2, 3, etc., of the factor D)  and N  is an arbitrary 
divisor.

“ Thus, the State of Alabama represents:

A = 1 .2 2  per cent United States total value of products.
B =  1.26 per cent United States retail outlets.
C =  2 .2 2  per cent United States total population.
D =  0.64 per cent United States income tax returns.
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“ The approximate ratio to be arrived at is :

K  =  1.09 per cent United States total effective income.

“ The four pertinent factors were worked into formulas as follows:

, , 1.22 +  1.26 +  2.22 +  0.64 . „„ ,Formula 1. ------- ---------- | ---------1-------  =  1.33 per cent.

, 0  1.22 +  1.26 +  2.22 +  2 X 0.64 , __ ,Formula 2. --------------------- -r-------------------- = 1.20 per cent.5
, „ 1.22 +  1.26 +  2.22 +  3 X 0.64 , 1A ,Formula 3. -------------------- ^--------------------  = 1.10 per cent.

6
, . 1.22 +  1.26 +  2.22 +  4 X 0.64 . . .  .Formula 4. -------------------- ^-------------------- =  1-04 per cent.

, „ 1.22 +  1.26 +  2.22 +  5 X 0.64 A An ,Formula 5. -------------------- g--------------------  = 0.99 per cent.

“ By applying these five formulas to all the states it was found tha t the 
following number of calculations fell within 10  per cent of the known 
quantity K, the estimated state income: Formula (1) 26; (2) 35; (3) 46; 
(4) 44; (5) 41.

“ While the foregoing results are predicated upon a ‘cut-and-try’ 
process, there is ample scientific justification for the use of these combined 
factors as an index to income. However, it was evident that no one 
formula would answer for all states, but that a final choice would have 
to be made on the basis of individual state groups. Hence a ‘similarity 
table’ of states was worked up in seven columns headed:

1. Average effective per capita income. 
effective income 

a 10 number of tax returns
3. Per cent population in cities over 25,000 (1920 census).
4. Retail outlets per 100 square miles farm area (Polk and United 

States Census).
5. Per cent native white population (1920 census).
6 Ratio ____value added by manufacture (CroweU p ublishing

value crops and live-stock products
Company).

7. Value of mineral and fishery products as a per cent of total value 
of products (Crowell Publishing Company).

“ An exhaustive analysis of this table led to the conclusion that states 
could not be successfully grouped solely on geographical location. The 
only practical grouping for measuring purchasing power seemed to be by 
characteristic factors as developed in the similarity table.

“ The basic classifications determined upon through the use of this 
table were as follows:
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1. Southern Group.— Characterized by low per capita income and extensivo 
agiicultural operations. (South Carolina, Georgia, Alabama, Mississippi, etc.)

2. Sparsely Settled Western States.— Characterized by high incomes, range-cattle 
and mining operations, (Arizona, N evada, M ontana, etc.)

3. Urban Group.— Thickly settled industrial states having a high percentage of 
population in large cities. (New York, Rhode Island, M assachusetts, Illinois, 
Michigan, etc.)

4. Miscellaneous and Hybrid Groups—  Some states do no t fall under th e  d istinct 
classification and m ust therefore be tested  w ith groups especially designed for the 
purpose. (W est Virginia, for example, appears to  be a cross between Pennsylvania 
and Oklahoma. Maine, New Hampshire, and Verm ont have the characteristics of 
M assachusetts, on the one hand, and M ontana on the other.)

F o r m u l a s  A p p l i e d  t o  I n d i v i d u a l  S t a t e s

State For
m ula State For

m ula State For
m ula S tate F or

mula

A labam a................ 2 3 South D ako ta . . .
2 New H am pshire 3

A rkansas.............. 2 3
C aliforn ia.............. 4 Louisiana.............. 2
C olorado. . . . 3 3 3C onnecticu t.......... 4 3
D elaw are. . . . 3 M assach u se tts ... N orth  D akota. . . W ash ing ton .........

W est Virginia . . .D iet, of Colum bia 3
3

Flo rida .................... 2 3 3
3G eorgia.......... 2 2

Id a h o ......... 2 P en n sy lv an ia .. . . 
Rhode Is lan d . . . .  
South Carolina . .

Illinois. . . . 3
3 3

....................1

,  UI;ti "ioiors corporation tound it necessary to use different
rmulas for different states in its purchasing-power index. This illustrates a common 

Problem in business statistics. Uniform formulas or uniform methods may not produce 
tne most uniform results.

We are now in a position to apply our formulas to selected groups 
corresponding more closely to the conditions represented by the relations 
between the different counties within an individual state.

“ On the basis of the various groupings and combinations of groupings, 
18 groups were tested in addition to the preliminary tests on the United 
States as a whole. These tests not only covered states that were eco
nomically similar but also a number of groups that dovetail into one 
another with the idea of getting as many different kinds of combinations 
as appear likely to occur as between the counties in any single state.

“ Through such group testing, the formula best suited to each state 
'vas determined, as shown in Exhibit 188. Incidentally, the formula 
finally chosen for a given state wa.s not necessarily the same as the formula 
which showed the best agreement for that particular state according to 
the calculations above described.
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“ In the case of such states as Alabama, Mississippi, Georgia, etc., 
it was established that Formula 2 would give the most accurate results. 
Hence, the conclusion is drawn that Formula 2 will give the best results 
for the individual counties composing Alabama.

“ By applying the percentages developed in this way to the effec
tive income for the state as a whole, we arrive a t an estimate of the 
total effective income received by each county, and then by dividing this 
effective income by the population of the county we can determine the 
effective per capita income for each county. Our final product, therefore, 
provides us with income data for each county expressed in three ways:

1. The effective income of each county as a per cent of state total.
2. The amount of effective income received by each county expressed 

in dollars.
3. The effective per capita income of each county expressed in dollars.
“ The following example shows the derivation of this data for Autauga

County, Alabama:
Autauga County as a per cent of the Alabama state total has

.91 per cent of total value of products in the state.
.5 9  per cent of retail outlets in the state.
.80 per cent of total population in the state.
.23 per cent of number of income tax returns in the state.

Income ratio = -91 +  -59 +  ^80 +  2 X _ j3  = ^  per cent

“ In other words, Autauga County receives .552 per cent ol Alabama s 
income. The average effective income of Alabama for the past five years 
is estimated at $706,600,000. Therefore, .552 per cent of $706,600,000 
gives an estimate of $3,900,432, representing the annual effective income 
received by Autauga County. The population of Autauga County 
is 18,908. And $3,900,432 divided by 18,908 gives us an average annual 
effective per capita income of $206.

“ The adaptation of such basic data to the practical problems of 
marketing must obviously vary according to the individual nature of each 
product.”

Estimating Local Purchasing Power.—When it is desired to have 
a definite representation of the local geographical distribution of purchas
ing power, it is practically always necessary to resort to some method of 
estimating, as no census of purchasing power is ordinarily available. It 
a careful search is made, it is usually possible to find information which 
can be used to make a fairly detailed estimate of the purchasing-power 
situation. This can be illustrated by referring to a survey which was 
made in connection with locating a large store in Los Angeles. T he 
question had arisen as to whether, by moving from the old shopping
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center, the store could be more conveniently located in relation to the 
purchasing-power class from which it drew its trade. Consequently, 
it was desirable to know how the purchasing power was distributed 
throughout the city by four different groups—namely, high-class purchas
ing power, high middle-class purchasing power, low middle-class pur
chasing power, and low-class purchasing power. 1 I t  is obvious that in 
such an instance, a house-to-house canvass could not be made for two 
reasons. In the first place, the cost would be prohibitive; and in the 
second place, the chances are that, as a rule, the person interviewed 
would either refuse to give the information or would give inaccurate or 
unreliable information. Therefore, the problem was to find some reliable 
index which would indicate the amount of purchasing power for the city 
and how it was distributed.

I t was found that about two years previously one of the public utilities 
had made a survey which showed estimated rental figures for every family 
capacity in the city. These were classified by different types of dwellings 
and were recorded by about 500 small sections of the city. While these 
data were confidential, it was possible to make arrangements to use them 
tor the purpose a t hand. An investigation was then made on a sampling 
basis which determined the relation of rents to income. The next step 
was to convert the rental figures for each of the 500 small sections to 
income figures on the basis of this factor. In this manner, the amounts 
of purchasing power for 500 different sections of the city were secured, 
but there still remained the problem of bringing them up to date. In this 
case, this was accomplished by compiling building permit data which 
showed the value of new dwellings by classes that corresponded to the 
four income groups for the 500 sections of the city. In this process, of 
course, a factor was determined which would show the relation of the 
cost of the new dwelling to the average income. I t was necessary also 
to correct the data for vacancies. Then these increases in purchasing 
power were added to the amounts that had already been determined.

General Application of Preceding Methods.—The examples described 
in the preceding discussion illustrate the problems that actually arose in 
making practical estimates of population and purchasing power. The 
methods as specifically described may not be entirely satisfactory for 
every project, as different problems will arise and other data may have 
to be used. They should, however, provide a working basis and indicate 
an approach tha t can be followed in solving such problems. An apprecia
tion or understanding of the problems described will provide a back

1 Classification of purchasing-power da ta  by  income groups, w hether on th e  basis 
of large or small geographic areas, is often of great im portance in  making practical 
applications. The sales of Cadillac or Lincoln cars, for instance, could hardly be 
estim ated accurately on the basis of the to ta l purchasing power in an area.
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ground which will enable these or similar methods to be fitted, not only 
to other population and purchasing-power problems, but to problems of 
making other kinds of estimates. Alterations and improvements can 
be made that will be practical for the particular purpose a t hand.

Q uestions and Problem s
1. Discuss the im portance of current population da ta  in establishing business 

enterprises, and in organizing sales forces.
2. Suggest several bases on which the population of a given locality m ay be classi

fied to  assist in form ulating business policies.
3. W hy is it  im portan t to  distinguish between perm anent and non-perm anent 

population ?
4. Is the Federal Census of population the only one taken? How often is it 

taken?
5. L ist several common bases for making population estimates.
6. W hat are the lim itations of the  projection-of-rate-of-growth m ethod? W hat 

modifications have been applied in Federal Census Bureau estim ates?
7. Explain the m ethod of estim ating population on the basis of w ater services, 

and  point ou t some of the difficulties in using this method.
8. How m ay building perm it da ta  be used for estim ating population and w hat 

collateral da ta  m ust ordinarily be used?
9. How are city  directory da ta  and school enrollm ent used in  estim ating popu

lation, and  w hat difficulties are likely to  be found in using these data?
10. W hat public u tility  services (other than  water) are useful in estim ating 

population? Discuss.
11. W hat are the difficulties encountered in the house-count method of esti

m ating population, and in w hat ways does this m ethod differ from those previously 
considered?

12. W hen are semiannual, quarterly , and m onthly population estim ates necessary ?
13. How can the non-perm anent population of a city be estim ated?
14. Of w hat im portance is an  estim ate of the purchasing power of the population?
16. As incomes increase, does the percentage of income spent for food tend  to

increase, decrease, or rem ain stationary? The percentage for clothing? For rent, 
fuel, etc.? For luxuries?

16. How has th e  national income increased during the last 2 0  years? Of w hat 
significance is th is in analyzing purchasing power?

17. Is  th e  place of greatest density in population always the place of greatest 
purchasing power? Discuss.

18. How did the C urtis Publishing Company indicate buying power by counties?
19. How does the Crowell Publishing Company indicate purchasing power by 

counties?
20. Describe the developm ent of the General M otors Purchasing Power Index.
21. How can the distribution of purchasing power w ithin a city be determined?
22. Can purchasing power be estim ated accurately by house-to-house enumer

ation? W hy?
23. On the basis of methods similar to  those described in th is chapter, how would 

you estim ate th e  num ber of prospects for electric irons? For screen door silencers? 
For a  new breakfast food? For a new theatre?

24. On the basis of available series, estim ate the population of your city, or of a 
certain area, as of January  1 of the current year.

25. On the basis of available series, estim ate the purchasing power of your city, 
or of a certain area, as of January  1 of the current year.

CHAPTER XX

PRODUCTION AND LABOR STATISTICS

I t  is the purpose of this chapter to point out some of the more impor
tant ways in which statistics are used in increasing efficiency in produc
tion . 1 Since the limited scope of the present chapter does not permit 
detailed consideration of the different kinds of production (farming, 
mining, manufacturing, etc.) the discussion is confined to the more impor
tan t uses of statistics in manufacturing. The principles considered, 
however, are fundamental, and can usually be applied to the other kinds 
of production.

Approach to the Problem.—As previously indicated, the business 
investigator must have a definite and orderly way of approaching a 
production, labor, or other problem. This is a practical necessity if the 
final report is to be satisfactory in scope, cost, and results.

The first step in approaching the problem is to define the real objective. 
For example, the real objective in wage fixing is not to pay according to 
productivity; it is to adopt such a combination of wage payments, sick 
benefits, pensions, unemployment reserves, etc., as will result in the 
most effective long-time combination of low total unit costs and content
ment of working forces. Moderate increases in wages and benefits with 
length of service, regardless of individual efficiency, may produce the 
best results, and it may be of utmost importance to collect information 
on this question, if the real objective of a wage-fixing investigation is 
clearly and accurately defined.

The next step in approaching the problem is to eliminate, or a t least 
to recognize, the personal equation. Statistical investigations are not 
rigid. They may be greatly influenced by personal opinions or bias on 
the part of the investigator. Many factory managers, as well as other 
business men, do not realize the extent to which their own personal 
interests interfere with arriving at a scientific solution.

1 In  this tex t the term  “ production” is used as it  is broadly understood in business. 
It includes such industries as farming, mining, lumbering, and m anufacturing or, in 
other words, those activities which are principally involved in the creation of form 
utilities. A ttention is called to  the meaning of th e  term  production because of the 
fact th a t  the business m an does no t use the term  w ith the same meaning as the 
economist. To the business m an, the term  means the creation of form utilities, while 
to the economist, the term  includes also the creation of tim e and place utilities.
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Another step in approaching the problem is to break up the major 
problem into its several component parts. The solution of these minor 
units is much more simple than the solution of the problem as a whole. 
The importance of this procedure will be readily appreciated in the dis
cussion which follows, especially in connection with production control 
and motion studies.

After the problem has been separated into its parts, the factors enter
ing into the solution of each part should be listed and arranged in a 
logical order. Sometimes these factors can be weighted in accordance 
with their relative importance. The advantage of having the problem 
laid out in this way is obvious.

Finally, the investigator should take a fresh point of view. And the 
business man should make a conscious effort to take a fresh point of view 
from time to time throughout the investigation. The value of this open- 
mindedness is readily appreciated when it is realized how easily bias and 
prejudice creep into an investigation, and how greatly business is ham
pered by tradition . 1

Factory Location.—Among the more important factors which should 
be taken into consideration in locating a plant are: access to markets, 
sources of material, transportation and storage facilities, supplies of 
labor, supplies of capital, site land conditions, climatic conditions, facili
ties for repairs, and such indirect factors as living conditions. Systematic 
study of these factors should provide a basis for locating most factories 
in such a way that they will have a distinct advantage over industries 
which are not well located. Most factories, however, have not been 
located in this way, and probably most industries are still located on 
the basis of convenience and sentiment. This is usually the basis of 
selection when a man starts an industry in his home town.

Suggestions for analyzing markets from the point of view of both 
selling and buying will be given in a later chapter on market analysis, 
and site land problems will be discussed in a later chapter on real estate. 
The other factors in determining plant location will be discussed indirectly 
from time to time.

The uses of statistics in manufacturing will now be considered from 
the point of view of an operating factory.

Production Control.—Production control (in manufacturing) may 
be defined as “ that system which, extending over a long period of time, 
controls the order of movement of the elements of a productive program 
in relation to each other and to the whole. ” 2 The more numerous the

'S e e  A. W. Shaw, “ An Approach to  Business Problem s,” pp. 13-24, H arvard  
University Press, Cambridge, 1916.

2 B a b c o c k , G e o r g e  D., in “ M anagem ent’s H andbook,” p. 599, edited by  L. T. 
Alford, The Ronald Press Company, New York, 1924.
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elements involved, the greater will be the difficulty in systematizing and 
controlling them, and the greater will be the value of statistical aids.

The greatest precision of operation is obtained by accurately plan
ning in advance every operation and every movement necessary to the 
manufacture of the final product. This involves a specific knowledge 
of: (1 ) kind and quantity of material required; (2 ) time required to 
obtain raw material; (3) methods of performing required manufacturing 
operations; (4) productive capacity of equipment; (5) time required for 
each operation on the product; and (6 ) limits of quality necessary to 
manufacture . 1

While not all of the information required in the preceding list is 
statistical, statistics are necessary throughout the list in order tha t the 
production manager may plan a logical and definite sequence of opera
tions, and so that he can accomplish a definite objective a t a definite 
time.

The Production Schedule.—Products may be manufactured for 
stock or they may be manufactured on customers’ orders. The product 
of a manufacturing plant may fall in both or either of these classes. In 
manufacturing either type of product, a schedule of production is ordi
narily essential. The preparation and operation of the production 
schedule is an integral part of the budget system described in Chapter 
XVIII, although it may be used where the budget plan has not been 
adopted.

In formulating a production schedule, the first step is to make an 
estimate of the probable demands for the product. 2 A sales analysis 
to be used in establishing a production schedule should include an esti
mate of the probable demand for as long a period as possible, and in 
most instances this should not be less than three months, while in many 
instances the period should be not less than six months or even a year. 
In addition to this, a sales analysis should show the seasonal, cyclical, 
and other variations. From these data, the manufacturing schedule 
may be determined. Such a production schedule is shown graphically 
in Exhibit 189.

In Exhibit 189, which was prepared before the beginning of the year, 
curve A represents expected monthly sales for the year. Curve B  repre
sents the same data as A but expressed as cumulative sales, or sales to 
date, from the beginning of the year. Sales, it will be noted, are subject 
to a heavy seasonal variation. And it would not be economical to have a 
similar seasonal variation in production. However, if the monthly pro
duction shown by curve C is carried out, the net monthly inventory -will

1 See second footnote, p. 454.
2 For methods of making m arket analyses, see Chap. X X I.
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SALES AND PRODUCTION PROGRAM

E x h ib it  189.-—Scheduling future production in relation to  expected sales. (Adapted from
“ Management’s Handbook.”)
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be as indicated by curve E. This furnishes the necessary margin of 
safety between production and sales, as shown by comparing the cumula
tive curves B  and D.

Purchasing and Stock Records.—Before actual manufacturing begins, 
materials must be purchased, received, stored, and issued. In the larger 
concerns, the purchasing department usually is separate from the stores 
department, while in the smaller concerns they may be combined. In 
the present discussion, the two types of work will be considered 
together.

The purchasing department should have complete records of sources 
of materials together with an accurate description of the services rendered 
and time required for delivery. Definite grades of the quality and 
figures which will indicate the dependability of the sources should be 
included, and sources of supply other than those commonly used should 
also be recorded. Some of the figures may duplicate information else
where in the accounting records, but it is well for the purchasing depart
ment to have such information readily available in its own files, especially 
in large organizations.

The purchasing procedure includes: (1) the receipt of a request for 
purchase from the department for which purchases are to be made; (2 ) 
the issuing of a purchase order; (3) the recording of the material received; 
(4) the preparation of (a) orders to return materials received and (b) 
debit or credit memoranda to the accounting department to adjust 
invoices for materials returned and for price or quantity errors on these 
invoices; and (5) entries upon the invoice of the account names or num
bers to be charged, and other information which will assist in obtaining 
authorization for payment. Where the duties of the stores department 
are performed by the purchasing department, this department will also 
maintain the stock records, and will control the physical location and the 
issuing of materials.

Each part of the mechanism involved in purchasing, storing, and 
issuing materials requires carefully prepared forms, upon which a com
plete record of the procedure should be made. The “ request for pur
chase” form (also called “ purchase requisition”), for example, should 
show the quantity, description, grade, and price of the articles desired, 
the data for delivery, the firm from which the articles may be obtained, 
and the signature of the department foreman and plant superintendent. 
It is to be noted tha t many purchases will be made which will not originate 
with the department that will use the materials, because certain standard 
materials are maintained in stock for recurring requirements. For 
such materials, the “ request for purchase” will come directly from the 
stores department when the quantity on hand has been reduced to a 
minimum or “ margin of safety” point.
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Forms of purchase orders, of records of materials received, of debit 
and credit memoranda, of return shipment orders, of invoice author
ization, and of distribution stamps will not be described in this discussion. 
The nature of the information required is suggested in the name of each 
form. The stock records to be maintained in the stores department, or 
in the stores section of the purchasing department, will now be considered.

“ Stock” records (also termed “ stores” records, “ balance of stores” 
records, etc.) are maintained to show the exact situation as regards 
materials on hand, received into stock, ordered but not received, issued 
upon material requisitions, and apportioned for manufacturing require
ments but not yet issued. Information that will assist the purchasing 
department in connection with ordering materials may also be included

NAME OF ITEM 
STOCKROOM

STOCK RECORD SHEET
REOUIPCO - 51

I1JAN

SECTION MAOF FROM IlSf f) FOR MAR SEPT
«fflj---1---1---1---1---1---1 APR OCT 0ATE

MAY NOV MAX

REQUIREME
ACCOUNT NQ PRINCIPAL SOllPff OF SUPP1Y m r.ft JUNE ore MIN

rrs APPROPRIATED ORDERED RECEIVED ISSUED JMJJ'JSTWKI
For What Item Tcrtot For llcm Total toe ftdtrNo. t Hem Amount OrderNo Item Total - II. " 1 Ok l*l<JfTCrWiItotal «jan ' ICC M.sc jhtRird r

1 1
E x h ib it  190.— Stock record sheet. (From Jordan and H arris, “ Cost Accounting.” )

in the stores records. In Exhibit 190, a stock record sheet is illustrated 
upon which there can be recorded all of the information suggested above. 
The forms used in different manufacturing companies vary greatly in 
arrangement and appearance, and the number of forms used to record the 
essential information also is not uniform. The illustration presented 
here provides in one place a large portion of the information needed in 
purchasing for stock requirements and for the control of stock.

At the top of the stock record sheet, shown in Exhibit 190, space is 
provided to state for the particular item of material such facts for the 
purchasing department as: (1 ) the principal source of supply; (2 ) the 
time required to get delivery; (3) the specifications of size, ingredients, 
etc.; (4 ) the usual monthly requirements, or budgeted requirements, of the 
manufacturing plant; and (5) the maximum and minimum quantities 
set for normal stock conditions. To control the location of the physical
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stock, the position of the materials in the storeroom is entered on the 
form. Six groups of columns are provided on the form illustrated in 
Exhibit 190. As requirements are ascertained from the production plan
ning department, the quantities are noted in the first group of columns. 
Quantities appropriated from stock on hand for the known requirements 
are entered in the second series of columns. From the purchase orders 
issued, the quantities that have been ordered are entered in the “ Ordered ” 
columns. When the goods are received, the quantities, prices, and 
amounts from the invoices are entered in the columns headed “ Received.” 
Likewise, when the material requisitions are filled, the quantities, unit 
prices, and total amounts or values are entered in the “ Issued” columns. 
At the same time that these issues are entered, the quantities are deducted 
from the “ Appropriated” columns, as it is no longer necessary to reserve 
stock ordered or on hand for these requisitions.

In order to determine the material on hand at any date, the quantities 
in the “ Received” column are totalled, and those in the “ Issued” column 
are also totalled. Periodically (monthly, quarterly, etc.) these columns 
are closed by ruling, and the balance on hand is brought down below the 
ruling in the “ Received” column. In valuing the inventory balance 
on hand, the price to be used may not correspond with the price a t which 
the balance on the record is valued. Also, when the materials are 
physically counted, shortages may appear. Therefore, columns are pro
vided for adjustments of the amounts (monetary values), which are made 
at the time the balances are entered.

Some stock record cards provide columns for the balances, in quanti
ties and amounts, that remain on hand after each receipt and issue. The 
use of such forms requires the computation of a balance after each entry. 
However, the form illustrated in Exhibit 190 is usually satisfactory, as 
the balance of material on hand can be quickly determined from the 
running totals, when needed.

Other record cards th a t are used in connection with the control and 
issue of materials include the bin tag (used to indicate quantities in 
each bin or stores compartment), the requisition for material that is in 
stock, and the material credit slip (for material returned to stock). The 
nature of each of these records is indicated by its title.

The purchasing department also needs information on markets and 
market-price conditions in order that it may purchase in the best markets 
a t the best prices. Since the work of analyzing market conditions in 
buying materials for manufacturing is the same as tha t in buying mate
rials for resale, the discussion of the technique involved in studying 
market conditions is included in Chapter X X I on M arket Analysis.

Control of Material.—Material control covers the following: checking 
quality in accordance with definite specifications or standards; requisi
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tioning and purchasing in accordance with a predetermined manufactur
ing program; receipt in stores; issue to the manufacturing department; 
and movement through the plant until the finished product is delivered 
to the warehouse or shipping department.

In the first place, the raw-material requirements must be determined. 
From a study of the product to be made, the total quantity of each class 
of material needed for a unit of the finished product is estimated. T his 
quantity, multiplied by the number of units to be made, plus the proper 
allowance for waste or spoilage, determines the minimum quantity of 
materials for which orders should be placed. If the material is of the 
kind that is used continuously, it is customary to keep on hand a minimum 
quantity sufficient to provide for manufacturing requirements while the 
supply is being replenished. Whenever the quantity reaches this mini
mum, orders should be placed for additional material.

The time required to secure raw materials is an important factor in 
production control. The time that must be allowed depends upon such 
factors as distance from source of supply, the competitive condition in 
the market, and whether the materials are kept in stock or have to be 
manufactured on order. The average and maximum lengths of time that 
must be allowed for purchases of materials should be tabulated for the 
use of those who determine when orders should be placed. Exhibit 191

N u m b e r  o p  W o r k in g  D a y s  t o  B b  A l l o w e d  f o r  R e c e i v i n g  S t o c k  a f t e r  P u r c h a s e

O r d e r  Is  P l a c e d

Commodity Tim e from 
warehouse

Time from mill

Average Maximum

Black sheet steel.............................................. 10 60 90
Cold-finished steel—round ............................ 10 60 90
Cold-finished steel— square........................... 10 60 90
Drop forgings.................................................... 40 60
Malleable-iron castings................................... 45 60
M ild-steel p la te ................................................ 10 60 90
Seamless steel tub ing ...................................... 10 45 60
Yellow bar b rass............................................... 20 90 120

E x h i b i t  1 9 1 .— Delivery tim e table used in production control.

shows such a tabulation taken from the records of an Illinois manufactur
ing concern using various kinds of metal products. 1 Such figures, of 
course, should be carefully revised from time to time in accordance with 
the changes in the market situation and other conditions.

1 The table was compiled from a more extensive table in “ M anagem ent’s H and
book,” p. 608.
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Routing.—Efficient routing of products through a manufacturing 
plant requires the following:1

1. D eterm ination of possible methods of m anufacture and a selection of the best 
method.

2. D eterm ination of needs for special equipm ent.
3. D eterm ination of capacity of available equipment.
4. D eterm ination of sequence of operations.
6. Decision as to speed of operations.
6. D eterm ination of tim e required for each operation.
7. P reparation  of route sheets.
8. Grouping of route sheets into assemblies so th a t the components of the final 

product will be started  in process a t such tim e as will insure their being completed 
together.

9. P reparation of work orders for carrying the routing details into effect.

I t  is obvious that statistical records are necessary in connection with 
the preceding list. The first requirement involves accurate records of 
time, materials, and waste, as well as some definite determination of 
results. The second item requires the same treatm ent in connection 
with special equipment. The third requires similar records regarding 
available equipment and its capacity. In the fourth, statistics are not, 
ordinarily, so important. In the fifth, accurate records regarding the 
most economical speed are necessary; and in the sixth, detailed records 
must be compiled in order to determine the time required for each opera
tion. In the seventh, the value of statistics is largely indirect. The 
eighth item involves the accurate determination of time required in 
process and a careful coordination of the statistics. The ninth is a proc
ess of a routine nature in which the importance of statistics depends 
upon the previous items.

The Gantt Chart.—Up to the present time, the principle of the G antt 
chart has been applied most extensively to industrial production. There 
are many possibilities of extending its use in this field as well as in 
others. Most of the Gantt charts used a t the present time may be 
considered as falling into three general classes: (1 ) man and machine 
record charts; (2) layout and load charts; and (3) progress charts. The 
man record chart indicates whether or not the worker makes the proper 
use of his time, and if not, it indicates the reason why. The machine 
record chart shows when a machine is not in use and the reason why. 
The purpose of the layout chart is to plan work so as to avoid idleness of 
men and equipment and to get work done in the order of its importance. 
The load chart shows, in hours or days, the amount of work ahead of a 
plant or any part of a plant. Since the executing of a plan is of equal 
importance with the making of that plan, it is the purpose of the progress

'L is t  from “ M anagem ent’s H andbook,” p. 622.
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chart to get work done by showing a comparison of the accomplishments 
with the plan and the reason for any failure to live up to tha t plan. For 
the purpose of illustrating the basic principles of Gantt charts, two layout 
charts (Exhibits 192 and 193) and one machine burden record (Exhibit 
194) will be described briefly. 1

Exhibit 192 illustrates the form of Gantt chart which is used in sched
uling production. The columns represent work days; these are sub
divided into convenient fractional parts. To each piece of productive 
equipment two lines are allotted on the chart. When work is scheduled, 
the time a t which an operation should start on any particular machine 
is indicated by placing a mark on the lower line allotted to the machine. 
This mark is made in the column which represents the exact hour a t which 
the operation is to start. The time at which each operation is to be 
completed is indicated by a ~| mark. A light line joining the two marks 
at the top indicates that the machine is not available for work during the 
period covered. Order numbers or any other desired information may 
be entered above this connecting line.

The performance of an operation is shown by drawing a heavy line 
between the bottoms of the two | | marks (Exhibit 192). If the time 
required for the operation is greater than that scheduled, the period of 
excess time is indicated by two intersecting inclined lines under a light 
line, as indicated in the legend of Exhibit 192. If an operation is com
pleted in less than the scheduled time, this is shown by entering the next 
operation on the upper line allotted to the particular equipment, and 
if this job is completed ahead of time, the fact would be shown by its 
overlapping the next job, which would be entered on the lower line.

The machine-shop work layout chart in Exhibit 192 shows how the 
work was laid out in a department equipped with large machine tools on 
which but one job can be done at a time. On the first machine, the 
making of part 11191-CE, according to the schedule, was to have been 
finished Tuesday noon, but it was completed on Monday and Order 
61427 was begun. This job was also completed ahead of the foreman’s 
estimate (11 o’clock Friday) and the third order was begun Thursday 
afternoon. When the chart was copied on Wednesday the 16th, the 
work on this machine was just on schedule. (The check mark at the 
end of the day, Wednesday the 16th, indicates that the chart was repro
duced Wednesday night and shows how the work stood a t that time.)

On the second machine on the G antt chart of Exhibit 192, the work 
was already three days behind schedule, when it was carried over from the

1 For a detailed description of the making and using of Gantt charts, see Wallace 
Clark, “ The Gantt Chart,” The Ronald Press Company, New York, 1922. The 
present discussion of the Gantt chart is abstracted from Mr. Clark’s book. See also 
“ Management’s Handbook,” pp. 646-649.
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previous sheet. At that time, order X  6842 was scheduled to be begun 
Thursday morning and to be completed Monday afternoon, but it was 
necessary to run in an emergency job, a ring for a motor, which caused 
a four-hour delay (indicated by crossed lines) before Order 16842 could 
be started. When the chart was copied Wednesday night the work on 
this machine was four hours behind schedule.

On the molding floors in a foundry it is possible to do more than one 
order a t a time. Consequently the laying out of work in a foundry 
differs from that for machine tools as discussed in connection with 
Exhibit 192.

In Exhibit 193, a work layout chart for a foundry is presented. 
According to this chart the first molder (Conden, on floor 57) could put 
up molds for three orders each day. This chart shows that he worked on 
Order 5144 until Wednesday morning when he had to “ break u p ” (indi
cated by B, see legend in Exhibit 192) and start Order 286. He had 
finished this when the factory closed Saturday and on Monday morning 
he began work on Order 341, but was stopped Tuesday morning because 
of lack of help (see H). Then he went back to the first order, 5144, and 
did a day’s work. Conden worked on his second order (5428) through 
the week until Friday morning when he had to break up (B ) and begin 
work on Order 5462, on which work was stopped Monday morning 
because of absence of help (H ). After one day’s work on his third order, 
5228, he broke up and worked on Order 300 until Thursday night. When 
the G antt chart was copied on the first of the month (Tuesday), Conden 
was so far behind with the work already scheduled for him that crossed 
lines had to be drawn through the remainder of the week to indicate 
that this amount of time would be required before any further work 
could be assigned to him.

Machine Burden Records.—In order to schedule work properly in 
a factory, it is necessary to have an exact knowledge of the available 
machine capacity and the extent to which this capacity is being used. 
Such information is given by a machine burden record. This record 
shows all the equipment in the factory and the time required for perform
ing each operation at each machine.

Forms of machine burden records vary with different classes of manu
facturing. Exhibit 194 shows an example of a machine burden record 
where the manufacturing is largely repetitive in character. In using 
this form, a sheet is assigned to each machine in the factory. As each 
operation sheet is made out, the time required for each operation is 
entered on the burden record. If the total of the time so entered multi
plied by the number of units of product scheduled for production each 
day exceeds the total working hours of the day the machine is over
burdened, and the situation must be corrected if the production schedule
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Machine
SymbolMACHINE BURDEN RECORD

.BORING M ILL VERTICAL Location
Machine
Name BULLARD 1 SH 5 1 42"

OPER.
NO.

OPER.
NO.

SYMBOL
MODEL

—̂ TT6 / 059
I7&04

! !(>° v
(,023!
6000 2
<>QCO?
6/05-9

Back

E x h i b i t  194.— M achine burden record used in connection with scheduling production. 
(,From “ Management's Handbook.")

is to be followed. If the time assigned to the machine multiplied by the 
units of product scheduled per day is less than the working hours per 
day, the difference represents the time tha t can be assigned to other 
work.'

1 The discussion of Exhibit 194 is abstracted from “ Management’s Handbook,” 
p .  650.

REPAIRS

Front

MACHINE DATA
J k ~ .( r ,777T.trl' 

101 77

Purchased
From

EQUIPMENT /J-2"

B4V4

M-1078

DATE SOLO 
SCRAPPED

K1H2
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Exhibit 195 shows a form of Gantt chart used as a machine shop 
burden record. On such burden charts, the classes or groups of operators, 
machines, workbenches, or floors are shown in the stub at the left of the 
sheet, and in the next column the numbers in each group are listed. In 
the month columns, the light lines show the hours of work which have

S h o p  No.1 0 . L o a d  o n  M a c h in e  T ools.

MACH. OCT NOV. DEC. JA N . F E 3 . . M C H .

1 _ z

12 Z

Vert 5  M ills I f " Z

A- z
z z
1 z

HB M i//5 / Z Z 1
Lathes 6 z

L a  fhQs fo r  Shafts . t z Z
3 z

G rinders / z 7 z z

N o te : A bove Z h a rt (5 tx7Sec/ on urnt r  ci f 0P i rti t or*5 n OMyL ’P h ut•d

/ z---;--- y
blade Mt/fers 31 z
Vert 3  M ills 20 — z

9 _ z

Mi/Una Machines _ z
Lucas B. Mi//s. 2 z z

H B M ills 3 Z Z z
L a th e s 23 L — - z

Lathes fo r  Shafts. 2 z
6 z

G rinders 2 Z z z

N o te ' Abov 2 Char 
1

s beis ec/c n 10% Rur7/7in - i <a *

E x h i b i t  195.— G a n tt chart used as a machine-shop load ch art or burden record. (From 
“ The Gantt Chart ” by Wallace Clark.)

been assigned to tha t group during each month, and the heavy lines 
indicate the total hours of work to be done. The letter Z  (zero) indicates 
no work ahead during the month in which it appears. The chart “ shows 
how far in the future the machine tools will be kept busy by orders in 
the plant when it is drawn up. On the first line, for instance, it is clear 
that the one horizontal boring mill will be busy 80 per cent of the time 
during October, 20 per cent during November, and all of December and 
January.” The information for this chart is secured from the layout
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charts which show what orders are ahead of each machine; from these it 
is easy to add up the hours of work scheduled for each week or month. 
The Gantt load chart or burden record shows the manager or superin
tendent very clearly which machines are going to be kept busy in the 
near future, which ones are overloaded, and which ones have little or no 
work ahead . 1

Dispatching.—A number of statistical records are necessary in dis
patching. In  production, dispatching consists of: assignment of work to 
machines or workmen in accordance with the schedule and according to 
importance or precedence; the procurement of tools, etc.; the initiation 
of inspection; movement of work from one operation to the next; record
ing of time of starting and completing each operation; and keeping records 
of completion of jobs, spoils or defective work, and idle time of workmen 
and equipment. The forms and apparatus used in dispatching include 
the work order or job ticket, the move order, the instruction card, the 
idle man card, the idle machine record, the route sheet, the work order 
file, dispatch racks, and time-stamps or clocks. Other forms which are 
sometimes valuable are the absence report, the tardy report, the behind- 
schedule tag, and the lot-urgent tag . 2

The work order is particularly important in dispatching. This form 
should give the workman the necessary information concerning his job 
as regards the material and quantity upon which he is to work, the order 
number to which it is to be charged, the name or class of operation, and 
the time that is allowed for the completion of the job. I t is desirable to 
have a record on each work order of the time it was issued and the time 
it was returned upon completion of the job. This record serves several 
useful purposes: it furnishes data on an individual’s progress; it furnishes 
a basis for the comparison of different workmen; it furnishes a check 
upon the rate-setting department; it indicates the need of inspection of 
workmen’s methods; and it may serve as a basis of wage determination . 3

Control of Quality—Working Standards.—It is obvious tha t if the 
quality of a product is to be definite and uniform, some method of con
trolling the quality within certain specified limits is necessary. To state 
a quality a t all accurately it must be compared with some arbitrarily 
selected standard. The determination of whether or not products are 
up to standard is accomplished by what is known as “ inspection.” The 
details of inspection vary widely with different products. Some prod

1 This discussion of the G an tt load chart is abstracted  from Wallace Clark, “ The 
G an tt C hart,” pp. 72-74, The Ronald Press Company, New York, 1922.

2 For further details regarding dispatching and dispatching records, see “ M anage
m ent’s H andbook,” pp. 656-676.

3 For additional inform ation on time-keeping, see “ M anagem ent’s H andbook.” 
pp. 675-676.
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ucts can be inspected throughout the process of manufacture, while 
others can be inspected only after completion. Since inspection is 
often a costly process, it is important to determine just how much is 
necessary in order that there will not be a waste due to unnecessary 
inspection.

In manufacturing some products, it is necessary to use 100 per cent 
inspection, while in other instances a sample is sufficient. If less than 
10 0  per cent inspection is sufficient, the method of sampling is employed. 
This involves the assumption that a piece selected at random probably is 
representative of the rest of the lot, or that a portion of a quantity of some 
substance is probably like the remainder.

Sampling can also be used in checking inspectors by occasionally 
sending the same part to the same inspector twice without notifying 
him. This procedure furnishes a good check upon how carefully the 
inspector is doing his work.

Operation Study and Rate Setting.—Operation studies are made 
in order that statistical facts may be substituted for guesswork in evaluat
ing the work which the employer is buying and the employee is selling. 
These studies furnish a basis for raising the task to the highest standard 
that can be maintained satisfactorily. They make possible an accurate 
recording and analysis of the elements of a task, and this provides infor
mation which enables the workers to improve their skill. Operation 
studies ordinarily reveal sources of wasted energy and materials, and 
they indicate ways in which methods can be improved and unnecessary 
work eliminated. These studies also furnish a basis for establishing 
wage rates; they help the employer to make schedules of production and 
promises of delivery which he can maintain; and, by increasing efficiency, 
they lower the costs of production.

Analytical time and motion study is the basis of job standardization. 
When Frederick W. Taylor was confronted with the problem of systematic 
soldiering, he decided to determine what constituted a reasonable day’s 
work. He discarded previous practices, and by breaking this complex 
problem down into its elements, studying these separately, and combining 
results, he developed methods for determining not the maximum work 
that a man could do on a short spurt for a few days, but “ what really 
constituted a full day’s work for a first-class man; the best day’s work 
that a man could properly do, year in and year out, and still thrive 
under. ” 1

Steps in Job Standardization.—Job standardization, or motion and 
time study consists of the following:2

1 T a y l o r , F r e d e r i c k  W., “ The Principles of Scientific M anagem ent,” p. 55, 
H arper & Brothers, New York, 1919.

2 The outline of steps is abstracted  from “ M anagem ent’s H andbook,” pp. 799-800.
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Preliminary

1. Recording and analyzing existing conditions as to  methods and equipm ent to
determ ine w hether the best obtainable are being used.

Time and M otion Study

2. Breaking down an operation into its sm allest m otion elements.
3. Critical study  of these elements, eliminating unnecessary delays, and  discarding

useless and inefficient elements. Im proving the rem aining ones un til they 
are the best obtainable.

4. P u tting  together these im proved elem ents into the best combination.
5. D eterm ining allowances for necessary delay and for fatigue.1

Hate Setting

6. D eterm ining th e  proper wage ra te  and incentives.1

Instruction and Training

7. Drawing up detailed instructions covering tools necessary, elem ental operations
involved in detail and  in proper sequence w ith tim e allowed for each, and 
ra te  of pay.

8. Training the w orkm an to  perform the task  in th e  m anner and the tim e set
un til hab it develops and m otions are autom atic.

Control of Conditions

9. M aintaining requisite working conditions, equipm ent, and supply of m aterial.

“ Mere statistics as to time which a man takes to do a given piece of 
work do not constitute time study. Time study involves careful study 
of time in which work ought to be done. ” 2 Though time study usually 
results in a shorter time, it is not a mere speeding-up process. I t  seeks 
to shorten the time by use of improved methods and elimination of 
wasted energy but not by over-speeding the worker. A task which 
results in immediate or gradual exhaustion of the worker has been wrongly 
set. Proper job standardization always limits the task to “ that rate 
a t which the worker can work indefinitely, year after year, thrive and be 
happy.”

Methods of Operation Study.—Motion studies of production jobs 
are ordinarily carried on by two methods: (1 ) the stop-watch method; 
and (2) the micromotion method. The first method is based on stop
watch time measurements in the shop. The second method involves 
the use of the motion picture camera, the microchronometer, and other 
special devices. The breaking down of work into its elements is similar

1 I t  is often well to  defer Steps 5 and 6 un til the  new m anner and tim e of per
formance have been thoroughly tested.

2 T a y l o r , F r e d e r i c k  W .,  “ The Present S tate of the A rt of Industria l M anage
m ent,” Transactions, American Society of Mechanical Engineers, 1912.
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in both methods, although the study can be worked out in greater detail 
under the micromotion method.

The stop-watch method, as compared with the micromotion method, 
requires less elaborate equipment and less specialized experience, it is 
easier to use, it creates less disturbance, and it is sufficiently accurate, 
adequate, and reliable for many practical simple motion studies. The 
advantages of the micromotion method over the stop-watch method are 
that it records many more conditions and the records are of more per
manent value, the emphasis is placed on the method of performing the 
task, time and motions are recorded automatically and accurately, visual 
records of best practice may be used in teaching, and human judgment 
is reduced to a minimum.

Stop-watch Time and Motion Studies.—The value of stop-watch 
time and motion studies depends largely upon how thoroughly the govern
ing conditions are noted and recorded. The first step in this connection 
is to prepare observation blanks which will adequately cover all require
ments. It is imperative that all important items be entered and that 
all studies agree in arrangement, if the results are to be satisfactorily 
compared. Exhibit 196 shows such a blank for a short sewing-machine 
operation. In this instance, the length of the operation is determined by 
the quantity in a “ bundle.” The observation blank is divided vertically 
so tha t one side can be used for motions of the left hand and the other 
for those of the right hand. When both hands are used, the entry 
extends across the dividing line., I t  will be noted in Exhibit 196 that the 
items are divided into three groups. The first one, or “ preparation” 
group (items 1  to 1 1 ) includes motion items which occur only once during 
the operation. I t is separated from the “ machine running cycle” 
(motion items 12 to 26 which occur with each garment). The “ comple
tion” group (items 27 to 31), also composed of motions which occur only 
once in this operation, is similarly separated.

In making a time study, the ordinary athletic stop-watch is not suit
able, but stop-watches which are specially adapted to time-study work 
are readily obtainable. The athletic stop-watch is divided into tenths 
of a second, while the large dial on a time-study stop-watch is divided 
into one-hundredths of a minute. This decimal division facilitates the 
addition and computation of the readings.

If the elemental operations occur in a fixed order, it is best to enter 
them on each blank before beginning to record other information. When 
the order cannot be determined, they may be listed a t the bottom of the 
form and given letters or other symbols, which can then be used in any 
sequence.

In making time studies, nothing should be left to the memory of the 
observer. Even those items which appear self-evident should be care
fully and accurately recorded.



472 B U SI N ES S  S T A T I S T I C S

In making these studies it is important that an appropriate method 
of timing be used. The over-all timing method, the repetition method, 
the discontinuous method, the continuous method, and the cycle method 
will now be discussed briefly.

The over-all timing method is not satisfactory as a rule in this work, 
as it does not permit the studying of small divisions of the operation.

T H E  BLANK UNDERW EAR CO. No. 1. P lant

Motion Study—Observation Sheet

Operation—C ollar Seaming Date—
Operator—W. P. T ime—9:00 to  11:00 A.M.
D epartment—F inishing Garment—R eg. Light W eight Union Suit 
Observer—C. W. L. M ach.— Union Special

No. Left  H and Both H ands R ight H and

2. L ift bundle to lap wit
3. U ntie

h necks a t left and straighten 
cord
Hold back garments 
Sign ticket 
Clip ticket 
bag
Take out collar and lay on table a t  right 
Take out back pieces and lay on table a t  right 
up bag
ft: cord ready for bundle

7. Open

10. Shirr
11. Lay bag on table a t le

12....................................................................... Pick up garment 
p part
eft front corner ahead
Pick up one back-piece
Pick up one collar
Fold other end over to test marks
Hold garment
nd mark, first m ark a t seam 
P u t in back piece from under side 
Fold back piece 
e to  come out even 
Hold garment 
Take i t  by middle

13. Open to
14. Place on machine 1

17. —first one only—hold end of collar.
18. Place collar on garm ent and hold
19. Feed and guide to seco

22. Feed and guid

26. Lay on tabl e over cord

Pick up free end 
P u t free end through ring 
Pull cord through ring 
Loop and tie 
die aside31. Lay bun

E x h i b i t  196.—Simple motion study observation sheet. (From "M anagement’s Hand
book.’’)

If the data are collected in greater detail than necessary, they can 
always be combined, but if the divisions are not small enough, they 
cannot be subdivided without repeating the work. Consequently, 
it is ordinarily better to break down the operations into smaller divisions 
than are later found to be necessary, than it is to have the divisions too 
large.

In the repetition method, each successive step is timed separately, 
starting and stopping the watch for each observation. In this method.
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however, a part of an operation may be missed and the worker may be 
disturbed. This method should be used only when making detailed 
observations of one elemental operation.

The discontinuous method consists of timing every alternate elemental 
operation in a complete operation, and then timing the remaining ones. 
This method has a serious disadvantage in that the complete actual 
sequence is lost.

The continuous method as a general rule gives the best results in most 
instances. Under this method, the elements are recorded in sequence 
without stopping the watch. During the period of observation, the time 
as shown on the watch is noted at the instant each elemental operation 
is completed, and this time is recorded opposite the proper symbol on a 
special sheet prepared for the purpose. The continuous method not 
only gives the exact time taken for each elemental operation, but it 
gives the time in the order of performance. Further advantages of this 
method are that it charges up every minute of time to some element, 
and it eliminates any danger of omitting delays.

In instances when the elemental operations are shorter than .04 
or .05 minute each, it becomes difficult to time them with a stop-watch. 
Noting the transition point, reading the watch, entering the reading, and 
looking back at the operation cannot be done accurately in less than this 
time. I t  is possible, however, to determine times by taking them in 
groups as in the “ cycle method . ” 1 But if it is necessary to make extended 
studies involving close measurements, the micromotion method can 
be used.

After the data have been enumerated and tabulated, the next step 
is the determination of the base time. Early industrial analysts were 
content to use the arithmetic average of the observed times as the base 
time. This average, however, is not reliable when the errors are cumula
tive in one direction, and this is often the case as the operations requiring 
longer times are retained. In such instances, the median is untrust
worthy for the same reason. The mode is often the most satisfactory 
since it shows the most common occurrences and indicates the prevailing 
times required for the operations. The time which occurs most fre
quently (or the time slightly less) is quite widely used as the basis for 
setting the task. A still more satisfactory basis for many purposes, 
however, is minimum time. Maximum times may vary widely, but 
minimum times approach a limit below which they do not fall. It 
should be appreciated, of course, that a single observation below all the 
others may be an error. In many operation studies, it is also desirable 
to throw out large figures if they exceed the adjacent items by as much

1 For an explanation of the details of the cycle method of stop-w atch timing, see 
“ M anagenent’s H andbook,” pp. 813 and 818.
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as 30 per cent. After the unreliable items have been eliminated, a mode, 
or sometimes a minimum, can be determined and used as the base time. 1

O B S E R V A T IO N  S H E E T  i

O b ser v er 's  N ame F M a c h in e  N o Date 8-3 19 ' '
W orkm an 's  N ame 
and  Q ualifica tion s ................ C. K L-421

P art  and S iz e ................ 30 x 3Y i Clincher Beads

O p e r a t io n s ..................... Hand Built ________________  A v e ra g e  D e v ia t io n  1.26

D etailed
O peration 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 Total

Average
De
via
tion

Selected
Mini
mum

BEAD COVER:

Get Chafer and 
lay on Table 
(10 ft.).

.09

.09
.10
1.05

(22)
2.12 - .12

4.58
.05

5.50
.11

6.27
.15

7.3!
.11

8.48
.13

9.39
.16

11.00
.14

12.13 - .06
14.00 - .12

16.04
.12

17.55 18.37
.18

10.42
.15

20.32
1.70
.113 1.25

.09
.09

Splice to Extra 
S e c t io n  ol 
Chafer

.04

.13
.05
.10

.07

.10
-

S
” 

|

.03

.53
.03
.30

.08

.47
04
.52

.06

.45
.09
.09

.05

.18 ~08
(.12)

.26
.06

15.21
.03
.07

.04

.59
i l l
.47

.03

.45
(.14)

.46
.76
.0543 1.35

.04
.045

Spot on Wheel .03
.16

.02

.12
.03
.22 3.21

.02

.75
.01
.57

.03

.33
.03
.50

.03

.55
.03
.48

.04
.13

.02

.20
.03
.11

.04

.30
.05
.26

.03

.10
.06
.65

.05

.52
.03
.48

.03

.49
.64
.0326 1.03

.02
.02®

Run on .02
.18

.03

.15
(-13)

.35
.07
.28

.04

.79
.03
.60

.03

.36
.03
.53

.04

.59
.03
.51

.04

.17
.03
-23

(.20)
.31

(.16)
.46

.06

.32
.03
.13

.OS

.70
.04
.56

.04

.52
.03
.62

.67

.0356 1.18
.03

.028
Cut and Splicc .07

.25
.06
.21

.04

.39
.04
.32

.10

.89
.06
.66

.06

.42
.05
.58

.05

.64
.06
.57

.01
.21

(.15)
.38

.06

.37
.07
.53

.05

.37
.06
.19

.07

.77
(.13)

.69
.09
.61

.07

.59
1.10
.0611 1.22

.05
.05

8 Adjust .05
.30

.05

.26
(.16>

.55
.06
.38

.04

.93
.04
.70

.04

.46
.04
.62

.04

.68
.04
.61

.06

.27
.04
.42

(.10)
.47

.07

.60
.03
.22

.04

.81
.04
.73

.03

.64
.01
.63

.75

.0441 1.47
.03

.035

10 G^t section of 
(6) Beads and 
place on table

.89

.297) MO
.27

.24

11 Measure and cut 
to Length

.43

.143) 1.10
(.13)

.115

12

13 BEAD

14 Pick up and spot 
Bead on Wheel

.12

.42
.18
.44

.OS)
.63

40
.90

.10
5.03

.OS

.78
.10
.56

.15

.77
(.01)
.72

.10

.15
.12
.30

(.18)
.60

.11

.58
.15
.75 - .12

.60
.14
.95

.08

.81
.11
.75

.17

.80
1.03

1206 1.20
10

.10

15 Run On .06
.50

.0') .06
.96

.07
.10

.06

.84
(.15)

71
.05
.82

.10

.82
.08
.23

.09

.48
.08
.68

.10

.68
.07
.82

.11

.48
.07
.87

.07
18.02

.06

.87
.10
.85

.06

.86
1.38
.0767 1.28

.06
.06

16 Cut and Splicc
.57

.06 (.11)
.82

.01
4.00

.01
14

.01

.88
.01
V,

.01

.86
(.10)
.92

(.25)
48

.09

.57
.06
.74

.06

.74
.01
.83

.06

.54
.07
.04

.07

.00
.06
.03

.04

.80
.04
.90

.85

.0531 1.33
04

.045

17

18 BEAD COVER 
Cont'd:

19 Turn Chafer one 
Side

.12

.60
.10
.66

13
.05

.11

.14
.10
2 \

.10
.98

.12

.87
.11
.97

.12
9.04

.14

.62
.11
.68

.12

.86
.14
.88

.10

.96
.16
.70

.11
17.05

.10

.19
. .10
19.03

.08

.97
.10

21.00
2.30
.115 1.27

.09
.09

20 Turn C h a f e r  
other Side

.15

.84
.11
.77

.09
3.04

(.22)
.30

.10

.31
.OS

6.06
(.26) 
7 13

(-29)
8.26

.10

.14
.12
.74

(22)
.90

.09

.95
.10
.98

.09
15.05

.12

.82
(•28)

.33
.09
.28

.10

.13
.11

20.08
(•27)

.27
1.36
.0072 1.21

.08
.075

21 Stitch with flat 
Roller

.06

.90
.06
.83

.07

.11
.05
.41

.05

.39
.06
12

.06

.19
.06
.32

.06

.20
.05
.79

.05
95

.0?
13.00

.06
14.04

.06

.11
.05
.87

.05

.38
.05
.33

.05

.18
.05
.13

.06

.33
1.11
.0556 1 11

.05
.045

22 Remove to Rack 
(10 ft.)

.05
05

.07
«10

.01

.15
.05
.46

.06

.45
.01
.16

.05

.24
.05
.37

.06

.26
.05
.84

.01

.99
.01
.04

.01

.08
.01
.13

.05

.02
.05
.43

.04

.37
.06
.24

.01

.17
.04

21.37
.96
.048 1.20

.04
.038

23 18.90

24 i . > (0 9069 +  0 72= 1.26 Deviation ) .1.26
Boldface figures represent difference». (Courtesy of D. V. Merrick.)

E x h i b i t  197.— T im e-study observation sheet with d a ta  filled in. (.From “ Management's
Handbook.”)

In the stop-watch study of Exhibit 197, the watch was not stopped 
until the end of the twentieth cycle. (In this table, the cycles are shown

1 See D. V. Merrick, “ Tim e Studies as a  Basis for R ate Setting,”  pp. 13-19, 
M cGraw-Hill Book Company, Inc., New York, 1919, for statistical procedure for 
determ ining a selected minimum.
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in the captions and the elemental operations are shown as stub items.) 
Readings were entered lightly a t the bottom of each space. Later, the 
time periods were computed and entered heavily above their respective 
readings. That is, when the first elemental operation (“ get chafer and 
lay on table”) had been performed, the stop-watch reading of .09 minute 
was recorded in row 2, column 1 (bottom figure). The watch ran con
tinuously, however, and when the second elemental operation (“ splice 
to extra section of chafer”) had been completed, the reading .13 minute 
was entered in row 3, column 1, and so on, until the last elemental opera
tion (“ remove to rack”) was performed and entered (see row 2 2 , column 
1 ), which completed the entire operation, and the workman was ready to 
begin the second cycle. After the first elemental operation in the second 
cycle was completed, the reading 1.05 was entered (see row 2, column 2) 
and so on. The top figure in each space in the cycle columns represents 
the difference between the reading in that space and the preceding read
ing, or, in other words, it represents the time taken by the particular 
elemental operation. In the “ T otal” and “ Average” column, the upper 
figure in each space is the total of the time periods and the lower figure 
is the average time required. Time figures marked () were thrown out as 
worthless. I t  should be noted that the elemental operations “ get sec
tion of six beads” and “ measure” are interm ittent and occur in every 
sixth cycle. Their averages, therefore, are figured on a basis of 3 read
ings, while all others are figured on a basis of 2 0 , unless missed by the 
observer. Items missed by the observer are, of course, not included in 
computing the average. The first average, therefore, was based on 15 
items as one was excluded and four were missed.

After the untrustworthy readings have been discarded, and the aver
age time for each elemental operation has been determined, this average 
is divided by the lowest time accepted, giving the ratio of deviation. If, 
for instance, the average is .113 minute and the lowest accepted time is 
.09 minute, the ratio 1.25 will show how far the average time of the worker 
exceeds his best time (see row 2 in Exhibit 197). A similar ratio is 
found for all other elemental operations and these ratios are averaged. 
(Although care should be used in averaging ratios, the method is ordina
rily satisfactory for this purpose.) The average ratio (1.26, see last figure 
in last row, Exhibit 197) may be considered as the worker’s characteristic 
for that study. The actual minimum and the actual average may be 
compared in the light of this characteristic in selecting the base time. 
Minima derived in this way and used in place of observed minima, are 
called “ selected minima.” Selected minima usually differ but little from 
observed times. Since the average ratio of deviation is a dependable 
characteristic, a high or low figure will always be significant to the experi
enced analyst. Exhibit 198 is an instruction card made up from Exhibit
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197. This card gives the time allowed for each elemental operation in 
the task, and when work cannot be performed within the limits set, the 
supervisor must help the workman solve his difficulties if possible.

“ C ” IN S T R U C T IO N  CARD 20

Name of P art
and Size 30 x 3 H  Clincher Beads

N umber and Name r> /-. * t> mj* 
of Operation B C’1 Building

Machine N o . C ast Iron H and Revolved Forming

Sheets , Sheet  N o.

T ime per one P iece 1.20 minutes 

Wheel

E lementary T ime
Items D etailed Instructions

Prep. 3 W

.02

BEAD COVER:
2. Get cover and lay on tab le ................... .09
3. Splice to extra section............................ .045
4. Spot on “ V ” forming wheel & run on .055

.060
6. A djust in to  " V ” .................................... .040

7. G et section of 6 bead stock & place on tab le ........... .040
8. M easure & cut to  leng th ....................... .025

BEAD:
9. Pick up bead, spot & run on w heel... .16

10. Splice........................................................... .045

BEAD COVER (Cont’d):
11. T urn  cover over bead one side......... .090
12. “ “ “ “ other s id e .. . . .080
13. Stitch with flat ro ller........................... .060

14. Remove bead from wheel & hang on rack ............... .050

15. Roll up line 0.12 X 1 /6 ...................... .02

.04

Total Selected T im e........................ 0.840

Allowance........................................... .310

Working Cycle.................................. 1.15

0.04 Prep. X 1.25............................ .05

Task Tim e..................................... 1.20

W hen  W ork Cannot be D one as Shown, D ate, Signed

R eport Must at Once be M ade to 8-6- _ _.
M an W ho Signed T his Card.

E x h i b i t  198.— Instruction  card for tim e study referred to in Exhibit 197. (From “ M an
agement's Handbook.")

There is no fixed rule for determining the number of readings that 
should be taken. Usually from 10 to 30 readings will be sufficient. 
However, the number depends in part upon the cost of the operation for 
the period, the number of employees engaged, and the amount of uncon
trolled variation present. The more important these factors are, the
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greater is the number of observations that should be taken before a 
standard is set. Usually in such cases the job is studied, then improved, 
and then studied again. Final studies mark the stage for standardization.

When timing operations where there is a range of sizes of the same 
product, it is usually possible to determine the base times of a few sizes 
a t selected and suitable intervals and to determine the intervening sizes 
by interpolation. This can be done by plotting the base times and 
drawing a smoothed curve through the points, which will indicate the 
base times for the intervening sizes. By extrapolation, the principle 
can also be extended to sizes larger than those actually observed, although 
the risk of error is greater. With both interpolation and extrapolation 
there is considerable risk that somewhere within the range of sizes there 
may be an abrupt change in conditions, such as the substitution of cranes 
for labor when handling sizes exceeding a certain weight. It, is imperative 
that such changes in conditions be recognized, and studies should be 
made of the sizes just above and just below to determine the discontinuity.

In the preceding discussion of stop-watch methods, the emphasis 
was placed on selecting the methods of performing elementary motions 
on the basis of the times of performance. I t should be appreciated, 
however, that motion study is much more than this. In fact, it is princi
pally concerned with the motion paths by which the work is accomplished, 
considering time as one method of measuring the motion path along with 
the three space dimensions. In making such studies, the real objective 
is to find the right paths and speeds of the motions. If these are right, 
the times will be right also. 1 Except in the simplest cases, the making 
of motion studies is greatly facilitated by the use of the micromotion 
method.

Micromotion Method.—The micromotion method of motion study 
is based on recording motion in relation to a cross-section background 
by means of a motion picture camera, and recording time on the film by 
having a rapidly moving clock (microchronometer) within the range of 
the camera. This method records performances of the most intricate 
and skillful nature. The studies are usually made in a laboratory where 
conditions as they exist in a shop are duplicated as nearly as possible, 
or in a part of the shop which is set aside for the purpose. The micro
motion method includes a number of special devices and practices which 
require a very careful study before they can be used. However, they 
are readily mastered by those who will give them the proper attention. 
I t is not the purpose to explain this method in detail in this text, but 
rather to call attention to it as a method of carrying on motion studies

1 See L. M. G ilbreth, “ H andbook of Business A dm inistration,” Sec. III. 
Chap. V III, McGraw-Hill Book Company, Inc., New York, 1931.
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which are much more complete and in much greater detail than is possible 
in the stop-watch method previously discussed. 1

One of the most important steps in making a motion study is to break 
down the operation into small elements which can be considered sepa
rately. All operations can be divided into 17 elements of a cycle of 
decisions and motions (occurring in varying sequences) as follows: (1 ) 
search; (2) find; (3) select; (4) grasp; (5) transport, loaded; (6 ) position; 
(7) assemble; (8 ) use; (9) “ dis-assemble” or take apart; (10) inspect; 
(11) pre-position for next operation; (12) release load; (13) transport, 
empty; (14) rest (for overcoming fatigue); (15) wait (unavoidable delay); 
(16) wait (avoidable delay); and (17) plan. These elements are called 
“ therbligs.”

When the micromotion film is ready for analysis, every frame that 
contains data that might be valuable in determining the standard method 
of doing the work is studied, and the data are transferred to a record 
called a “ simo-chart,” which is a record of the motions and time as 
revealed by the film. It is made on standard cross-section paper, the 
therblig data being recorded in colors by means of symbols. A simo- 
chart is prepared from the film of each worker recorded. “ When these 
are completed, they are hung side by side so that one can compare the 
therbligs. Every slightest deviation in the therblig and in the time of 
the therblig is noted, and a tentative standard method is built up by 
synthesizing the best therbligs from all the charts. I t  is very seldom 
the case that the derived method lies in the consecutive motion cycles 
of any one worker. Usually the synthesis consists of a therblig from 
one chart, then one from another, or a complete motion cycle may be 
used, if it is that of an especially efficient worker. The completed chart 
contains the best practice of each of the group of workers studied, com
bined into a work method . ” 2

Additional motion factors not covered in the above method may be 
studied by means of the cyclograph. With this method, small electric 
lights are attached to the worker’s fingers, elbows, head, etc., as may be 
desired, the wires which furnish the current being fastened to the clothing 
in such a way that they will not interfere with the worker’s motions. 
When an ordinary photographic plate or film is exposed for a short time, 
the path of each motion of the cycle of work will appear on it as a streak 
of light. If a stereoscopic camera is used, the record is made in three

‘ For details on the micromotion method, see “ M anagem ent’s H andbook,” pp. 
868-873; F rank  B. and L. M. G ilbreth, “ Applied M otion S tudy,” Sturgis and W alton 
Company, 1917; and “ H andbook of Business A dm inistration,”  Sec. I l l ,  Chap. V III, 
McGraw-Hill Book Company, Inc., New York, 1931.

2 G i l b r e t h ,  L. M., “ H andbook of Business A dm inistration,” Sec. I l l ,  Chap.
V in ,  McGraw-Hill Book Company, Inc., New York, 1931.
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dimensions. If an interrupter is placed in the light circuit which flashes 
lights on and off at a uniform rate per second, the photograph will then 
show a series of dashes instead of a continuous line. Then, by counting 
these dashes, the time of a motion or part of a motion can be determined 
very accurately. I t  is also possible to control the operation of the lights 
so that the direction of the motion is indicated, and so that the different 
motion paths are differentiated. These records, therefore, may be made 
to show the paths of the motion, the time, the direction, the speed, and, 
if several moving parts are to be recorded, the relative speed.

The objective of motion study has not been achieved until the best 
worker has been taught the motions of the standard method, and is able 
to do the work by the prescribed method in the prescribed time. After 
the method has been checked in this manner, the data are turned over 
to those in charge of training and task and rate setting, to be incorporated 
in the standards which are to be taught and used.

Motion study is confined to determining the best methods by which 
the work can be done, and teaching the method. I t  does not determine 
certain allowances that must be made and added to the observed time 
for the best interests of all concerned.

Allowances.—In determining the standard task, certain allowances 
must be added to the observed times. The difference between the 
rate a t which a man can work for short times and the rate that he can 
maintain for a long period is often greater than realized. The average 
daily production of a good worker may be 50 per cent less than that 
which would result from maintaining his highest rates. This variation 
is even greater for poor workers. The standard task must be such that 
the worker can maintain it indefinitely without injury to health. Allow
ances have been standardized under five heads: fatigue, variation in 
rhythm, unavoidable delays, personal delays, and machine delays. 
Allowance curves for fatigue and variation have been plotted for cycles 
of short duration . 1 Exhibit 199 gives 10 such allowance curves varying 
from 10 per cent handling time and 90 per cent machine to 100 per cent

1 Allowances have been standardized and allowance curves have been plotted by 
D. V. M errick on the  basis of thousands of tests, which were m ade largely in th e  m etal 
trades b u t which are applicable to  m any others. The general form ula derived by 
B arth from such series of curves is:

p  _  o n  ^  49.5 -  0.325C
VO.376 -  0.0000216C5 +  T

In  this form ula P  is percentage allowances, C is percentage of handling time, and T  
is the minim um selected tim e for the cycle in minutes. (See D. V. Merrick, “ Time 
Studies as a Basis for R ate Setting,”  pp. 53-65, McGraw-Hill Book Company, Inc., 
New York, 1919.)
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handling time and no machine for the cycle on which the allowance is 
to be made. Abscissas of the larger chart cover time periods of from
0 to 20 minutes. The curves on the smaller chart have abscissas up to

JH
3
5
m

2  minutes, and are useful for short time cycles. According to the general 
formula, the allowance time is never less than 20 per cent. The percent
age allowance is based upon the total of the handling time. If, for
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instance, a job requires 2  minutes machine time and 2  minutes handling 
time, the 50 per cent curve is used, and the intersection of the 2-minute 
ordinate with the curve (see Exhibit 199) determines the allowance 
percentage (42 per cent) to be added to the selected handling time in 
making up the task time. If there is no machine time, the curve repre
senting 10 0  per cent handling time is used.

Delays should be classified as avoidable and unavoidable. The 
former should be eliminated and the latter should be provided for by 
percentage allowance in setting the task. An allowance of 25 per cent 
of preparation time is sometimes used. Good judgment must be used 
in applying these allowances as they are often but a very small proportion 
of the time for the whole job, and sometimes they are of but little prac
tical value, excepting for the fact that including these allowances may 
have a desirable effect upon the worker.

Allowance must also be made for such personal needs as rest and 
washing up. In some instances, such as intensive automatic work, time 
studies extending over relatively long periods must be made in order to 
determine a reasonable allowance. Delay and fatigue allowances should 
ordinarily be kept separate, although allowances for necessities of life are 
commonly combined with those for fatigue. Allowances for necessities 
of life which should be added to observed time should range from about 
2.5 per cent under easy conditions to about 33J per cent under severe 
conditions, such as work in the sun or in an overheated room. The allow
ance for fatigue is even more variable and the addition to observed time 
ranges from 5 to 100 per cent.

The allowance for machine delays varies according to the type of 
machine. For operation on ordinary machines like printing presses or 
machine tools the allowance will ordinarily vary from 5  to 25 per cent.

In many instances, hand and machine work may be simultaneous 
and not separate. I t  is not safe in such instances to use allowance curves 
derived from other industries without a careful check. 1

Wage Rates.—The influences which operate to change the labor cost 
of production are often more intangible than many of the other conditions 
subjected to analysis. Conditions under which men work vary widely 
from place to place, from plant to plant, and from one type of work to 
another. I t  has been noted tha t workmen work at different speeds in 
different seasons of the year and at different periods in the business cycle. 
Furthermore, a rate suited to one nationality will not be suited to another. 
The situation relative to the labor supply, conditions in the plant, a tti
tudes of labor unions, and the like, all have important effects in setting

1 F or further details on allowances, see “ M anagem ent’s H andbook,” pp. 820-829, 
and D. V. Merrick. “ Tim e Studies as a Basis for R ate Setting ,”  pp. 16-19 and 49-75, 
McGraw-Hill Book Company, Inc., New York, 1919.
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the day’s work and the wage rate. To be effective, a wage standard 
must be reasonable, capable of attainm ent, consistent with the work, 
and should be guaranteed as long as methods and manufacturing condi
tions continue unchanged.

There are many wage plans in use a t the present time. Usually 
several of the best for any particular case must be carefully studied before 
one can be selected. I t may even be advisable to combine part of one 
plan with part of another. Through the use of various computations 
and graphic methods, it is possible to examine a plan and determine 
what may be expected from it before it is put into operation. It is 
impossible, however, as a practical matter, to present a complete descrip
tion of methods of analyzing wage plans within the limits of the present 
general text. I t  should be clearly understood, therefore, in connection 
with the discussion which follows, that such is not the object, but rather 
that the purpose is to indicate the possibilities of making definite analyses 
of different wage plans. With this purpose in mind, six well-known wage 
plans will be analyzed briefly. 1

Wage Payment Plans . 2—The effectiveness of wage plans varies 
widely with the special conditions under which they operate. I t  is a 
general principle, however, in determining a wage payment plan, that 
ordinarily it should include an incentive for increasing the value of an 
employee’s service, and that this gain should be shared by the employee 
and the employer. In other words, the employee should realize more 
than he otherwise would, and the employer should realize a substantial 
gain due to the increase in productiveness of the worker. Often it is 
desirable to provide an incentive to improve quality as well as quantity.

Time or day rate is commonest and simplest of all methods of wage 
payment. By itself it has no relation to the task, as it offers the work
man a given sum for a fixed period of his time. The rate is ordinarily 
quoted as a certain amount per hour, per day, or per week. The limits 
of a given rate are as follows: The lower limit is the point in efficiency 
which brings discharge, and the upper limit is the degree of excellence 
which ordinarily wins promotion. Within these limits, earnings remain 
constant as shown by the “ wages earned” curve in Part A, Exhibit 200.

1 In  discussing the six selected wage plans it  is convenient to  assume a  definite 
financial d istribution for purposes of illustration. This assumed distribution of 
m aterial, labor, and overhead, w ith the range of variability , is described on p. 925 
of “ M anagem ent’s H andbook.” Form ulas for computing earnings for these and 
o ther plans are also given and described on pp. 924-955, inclusive, of this handbook.

2 T his discussion of day rate, stra igh t piece rate, H alsey prem ium , B arth  premium, 
Taylor differential piece rate, and G an tt ta sk  and bonus wage plans, w ith the accom
panying illustrative data , is abstracted from pp. 925-941 of “ M anagem ent’s H and
book.”  For more detailed discussion? of these plans and for inform ation on other 
well-known plans, see “ M anagem ent’s H andbook,” pp. 909-974.
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Within these limits, the day rate pays exclusively for the workman’s 
time, taking no account of quantity or quality of work done. So long 
as the workman remains safely within these limits he is in a passive state, 
and consequently this method of time payment may permit the grossest 
kinds of inefficiency. From numerous experiences it has been discovered 
tha t the average day worker takes about twice as long to do his work as 
is really necessary without overexertion.

There are several statistical measures which can be used in connecting 
the time wage with the task. The time which elapses on a good job 
can be recorded carefully and checked up together with the conditions of 
performance. The production records can be kept and followed by 
individuals and foremen. If these two steps are taken, and if adjustments 
in the rate are made according to performances, the time plan can be 
fully as successful as many of the more complex wage plans. While it 
is therefore highly undesirable by itself, it can be very successful when 
properly supported. Cost per piece is high at lower productions and 
apparently low at higher productions (see “ labor cost per piece” curve 
in Part A, Exhibit 200) but as a m atter of fact higher productions are 
seldom obtainable under this system, so that the total cost per piece 
should be considered high (compare “ total cost per piece” curve in Part 
A, Exhibit 200 with the corresponding curves on the other graphs on this 
exhibit). That is, this is true unless the measures just mentioned are 
sufficiently successful to obtain higher efficiency.

The straight piece-rate plan is tha t method of payment where the 
worker is paid a constant rate per unit produced. Piece rates for many 
purposes are sounder in principle than day rates, but they may be very 
inefficient and unsatisfactory unless the rate is carefully set. Under the 
piece-rate plan, the worker’s earnings depend upon his own effort. The 
piece rate is discouraging to a beginner, but it furnishes an opportunity 
for the ambitious and capable worker to raise himself to high earnings 
per day if the rate is properly determined. Under the piece-rate system, 
the employee takes all of the gains or losses from his own labor. As in 
time work, it is necessary to eliminate the poor workers after giving them 
a chance, and it is also necessary to limit the overambitious workers to 
a rate that is consistent with good health. I t  is obvious that the piece 
rate would not be satisfactory when workers have to change frequently 
from one job to another. A survey of factories employing about 250,000 
workers showed that 75 per cent of the plants used the straight piece- 
rate plan in paying about 40 per cent of their employees. A large pro
portion of these plants paid from 60 to 85 per cent of their employees on 
a piece basis. 1 Cost per piece is constant so far as direct labor is con

1 D ata  from “ M anagem ent’s H andbook,” p. 928.
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cerned (see “ labor cost per piece” curve in Part B, Exhibit 200), and 
a total cost is more nearly constant than for any other plan (compare 
total cost per piece curves). Exhibit 200 also shows the straight line 
for wages earned which always points to origin.

One of the earliest of the modern plans is the one known as the Halsey 
premium or gain-sharing plan. Under this plan, the time wage is guaran
teed to the workman, and he is allowed to choose whether or not he 
should be paid the premium. A standard task time is determined on the 
basis of previous experience rather than by modern job standardization. 
The amount of time the workman can save relative to this task multiplied 
by his hourly rate is divided between the employer and the employee, the 
latter receiving from 25 to 50 per cent according to agreement. Because 
of the guaranteed rate and the right to-choose, this plan is easy to intro
duce. I t calls attention to the value of the time saved, which has an 
excellent effect upon the workman. Since the task is derived from the 
best practice without time and motion study, it is usually much lower 
than it is when determined by scientific methods. Exhibit 200, Part 
C, shows the operation of the Halsey premium plan. It will be noted 
that after work is brought up to task, the cost per piece decreases as 
higher productions are reached. The cost per piece is high, however, 
for the lower rates of production because of the guaranteed time 
wage.

The Barth premium plan was designed to substitute the geometric 
mean for the arithmetic mean used in the Halsey plan that is, instead 
of half the sum of the standard time and the actual time, the square 
root of the product of these values is used. The resulting curve rises 
rapidly during low productions and approaches a straight line having a 
lesser slope than the Halsey plan. In this way, it avoids the guaranteed 
day wage and yet gives a higher earning for relatively low production 
than the straight piece-rate plan (see Parts B, C, and D, Exhibit 200). 
This feature makes it exceptionally appropriate for beginners. Costs 
fall off rapidly for high productions (see Part D, Exhibit 200). As a 
whole, however, costs are higher than under ordinary piece rates (com
pare total cost curves in Parts B and D).

The Taylor differential piece-rate plan was developed by F. W. Taylor 
in 1884. Taylor had found that low wages did not necessarily mean low 
cost. He believed that to secure lower costs, higher wages were neces
sary, and he was the first to point out the necessity of a scientifically 
derived task for a day’s work. He believed also that low producers 
should be penalized and that high producers should be rewarded gener
ously. Two differential piece rates, one high and one low, resulted from 
his experiences. He put the step from the low to the high rate at the task 
point, and he insisted that this step be of an appreciable amount. No
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other wage plan has offered so strong an incentive to the ambitious and 
skillful worker. The operation of the Taylor differential piece-rate 
plan is shown graphically in Part E, Exhibit 200. Under this plan, 
the employees push the management to keep everything in perfect condi
tion, and the management recognizes this obligation to comply, in order 
not to make the worker suffer for matters outside his control. This 
plan, however, has been difficult to use in certain instances because the 
low piece rates seem to penalize the workers too severely.

The Taylor differential piece-work plan like the straight piece-work 
plan gives direct labor costs which are constant, excepting for a step at 
task (see Part E, Exhibit 200). The total cost per piece when plotted 
shows the gradual slope curve characteristic of the piece rate, but on 
account of the change in the rate, there is a step at task which makes the 
cost much greater a t 100 per cent production than at 99 per cent produc
tion. This, of course, refers to the individual case. When the whole 
shop is considered, as it must be in judging the merit of any plan, it will 
be seen that the cost due to those working above 10 0  per cent efficiency 
will be merged with the cost due to those working below 10 0  per cent 
efficiency. In other words, when the average production of the shop is 99 
per cent standard, there will be some individual performances above 10 0  

per cent; and again when the average production for the shop is 1 0 1  per 
cent, some of the cost will be due to those producing below 99 per cent 
efficiency. In changing from the 99 per cent average of one day to the 
10 0  per cent efficiency of the succeeding day, there will be no step or pro
nounced increase in the total cost per piece. (These individual and total 
cost curves are presented in Exhibit 200, Part E.)

The Gantt task and bonus plan was devised to utilize the strong incen
tive of the Taylor differential plan and to eliminate the drastic effect of 
the low piece rate from low production. The high task standard is set 
by time study, and time wages are guaranteed until this amount of 
production is accomplished. At the point of task performance, a step in 
wages is made which puts the emphasis upon the amount of work desired. 
This step may be made anywhere from 20 to 50 per cent of standard 
time. When Gantt first tried out this plan he used the step of 35 per cent 
of standard time, and in addition gave only time wages for performances 
above the task. The plan has three outstanding merits. I t  avoids a 
low wage for those who fail to make the task, it puts a high incentive at 
task desired, and it gives full earnings saved for all performances above 
task. G antt offset the disadvantages that might arise from a time 
guaranty by encouraging records of production by individuals. These 
individual records may be shown to the workers themselves, and will 
often add as much stimulus as a financial incentive. Direct labor cost 
per piece combines the figures given for time wage up to task and those
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given for piece work beyond task. The total cost per piece is, therefore, 
high for low production, but quite low for higher production. The 
operation of the Gantt task and bonus plan is shown graphically by 
Exhibit 200, Part F.

Selection of a Wage Plan.—From the preceding discussion of a few 
of the well-known wage plans, it will be appreciated that the selection of 
the best wage plan for a particular plant can be facilitated by systematic 
statistical and mathematical studies. Before selecting any one of the 
many wage plans that may be under consideration, an estimate can be 
made of the probable effects of the various plans. Some plans will be 
obviously unsatisfactory and can be eliminated at the start. If, for 
instance, the labor situation and the nature of the work are such that a 
day guaranty is essential, the regular piece-rate plan can be eliminated 
at the outset. If the plan already in use is proving satisfactory, it should 
not, of course, be changed unless there is some distinct reason for doing 
so.

In selecting a wage plan, it often happens that actual experience data 
cannot be obtained, and when they can be obtained they seldom fit other 
cases exactly. Consequently, the final decision as to what plan is best 
will always depend upon good judgment. The final test of a plan is 
twofold: (1) How will it affect wages and relations between the employer 
and the employee? (2) How will it affect total production and total 
cost? I t  is impossible to answer these questions completely in advance, 
but one should make an earnest attem pt to get a good answer based upon 
reliable statistics.

Incentives for Piece-rate Beginners.—Since a piece rate is discourag
ing to a beginner and a day guaranty is lacking in incentive, it is often 
desirable to pay apprentices according to a wage plan based upon length 
of employment and rate of improvement. Under this plan, a beginner 
may be put a t once on piece work and during the period of training he 
receives, in addition, auxiliary amounts which decrease over the period 
from nearly a full wage to zero in arbitrary amounts or according to the 
more preferable auxiliary percentages. If, for example, a certain job can 
ordinarily be learned in six weeks, and a beginner can do a third of the 
normal week’s task during the first week, the wages for that week might 
be piece work plus 200 per cent of piece work (which is equal to 300 per 
cent of piece work). If he can do one-half of the required amount the 
second week, the auxiliary percentage would be 10 0  per cent and so on, 
until the seventh week when he should be up to the standard rate of 
production and would receive only the piece-rate wages.

In working out plans for remunerating new employees, it is often 
assumed that a steady increase in their efficiency should be expected. It 
has been found, however, that this rate is not constant. One investi-
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gator, 1 after analyzing thousands of cases, has formulated the curve 
presented in Exhibit 201, which shows the average reaction of new workers 
to a task with which they are unfamiliar. In his analysis he states the 
belief that when the average worker has covered about one-half the

E x h i b i t  201.—Apprentice record and progress curve. (From il Management's Hand
book.”)

normal training period, there must be expected a period of time, depend
ing upon the nature of work, where progress or increase in skill practically 
ceases. Then, after a short while, the worker rapidly attains a balance 
of average proficiency. Especially in plants employing female labor, the 
loss of operatives before they have become fairly efficient workers is a
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1 Carle M. Bigelow.
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serious problem largely due to the fact that remuneration is based upon a 
required constant increase in proficiency which is practically impossible 
for the average worker to maintain . 1 Accordingly, the plan of Exhibit 
2 0 1  remunerates apprentices upon a basis which will enable them to 
receive a constantly increasing wage during the time of apprenticeship 
based upon a rational demand of average performance.

Labor Turnover.—It is often desirable that the management should 
have data which will indicate changes in the rate a t which employees 
separate from the particular establishment. In most plants, hiring and 
training new workmen are costly and efforts should be made to make 
conditions such that this replacing of workers is reduced as much as is 
practical, and so tha t the concern may be said to have a low “ labor 
turnover.”

“ Labor turnover is the ratio of separations—or of replacements— 
to the total number of employees.” There are wide variations, however, 
in the methods of computing this ratio. One widely used method is to 
divide the total number of separations, for the period under consideration, 
by the average number of employees on the pay roll during the same 
period. Thus, if in a year there are 1,000 terminations of employment, 
out of an average working force of 2 ,000 , the labor turnover is represented 
by the following formula:

_ , . S  (separations)
(turnover) ^  (average wor]jing force)

or
„  1,000 _ ,  -A . .T -  •  ̂or 0.5 or 50 per cent. 2

When using turnover figures, it is always important to have other 
statistics which will assist in their interpretation. For instance, one 
should have such information as whether changes are permanent or 
temporary, or whether men were laid off because of lack of work, or 
whether they quit or were discharged because of grievances. Many 
concerns compute labor turnover by groups, according to causes of 
separation; others make distinction between preventable and unpre- 
ventable turnover; and others record turnover separately for old and new 
employees, for men and women, for skilled and unskilled labor, and for 
other significant classifications.

Since methods of computing turnover are not uniform, care must be 
used in any attem pt to compare turnover figures of different concerns. 
However, this does not detract from the value of analyzing turnover

1 “ M anagem ent’s H andbook,” p. 962.
2 See Gordon S. W atkins, “ Labor M anagem ent,” pp. 260-270, McGraw-Hill 

Book Company, Inc., New York, 1928.
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statistics in connection with efforts to minimize the loss of desirable 
workers in an individual establishment. 1

Attendance and Absenteeism.—Regularity and punctuality of attend
ance constitute a necessary factor in careful planning of manufacturing 
operations. To secure this regularity and punctuality, however, requires 
careful study and management. Some companies keep detailed records 
of absenteeism and make analyses based on percentages and other mathe
matical methods which resemble those used in computing labor turnover. 2

Accident Statistics.—Management, in connection with its efforts 
to increase the safety of workmen, may profitably spend much time in 
analyzing such statistics as those showing frequency of accidents, their 
severity, or times of occurrence—all by classes of workmen. Based on 
such studies, safety activities may be emphasized where there is the 
greatest need. For instance, if it is found that most accidents are among 
new employees, it may be possible to increase the effectiveness of their 
training in this respect. If most accidents occur late in the day, it may 
be possible to make workmen conscious of the tendency so that they 
will be on their guard, or it may be an indication that hours are too long, 
or tha t heating or ventilation is insufficient.

Current Wage and Cost-of-living Data.—As has been pointed out 
previously, management must carefully watch changes in the cost of 
living, and changes in the current rates of wages paid in other concerns 
and industries from which the different classes of workers are ordinarily 
drawn or to which they go upon separation, if it is to set its own wage 
rates justly and intelligently. One of the most important sources of 
statistical information for use in this connection is the Bureau of Labor 
Statistics of the United States Department of Labor. The bureau pub
lishes statistical bulletins on wholesale prices, retail prices and cost of 
living, wages and hours of labor, employment and unemployment, women 
in industry, workmen’s insurance and compensation, industrial accidents, 
productivity of labor, industrial labor conditions, and other subjects of 
interest in connection with labor problems. In July 1915, the publica
tion of what is now the Monthly Labor Review was begun. The special 
purpose of the Monthly Labor Review is to make available, regularly and 
promptly, information concerning various phases of the labor question, 
both in this country and abroad, which is not available in collective form 
through any other source. 3

1 See “ M anagem ent’s H andbook,” p. 1471.
2 See Gordon S. W atkins, “ Labor M anagem ent,” pp. 270-271, M cGraw-Hill Book 

Company, Inc., New York, 1928.
3 The reports and bulletins of the Bureau of Labor S tatistics are furnished gratis 

as long as the bureau has a supply available. The subscription rate  to  the Monthly 
Labor Review is $1.50 per year.
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If adequate cost-of-living data cannot be secured from the usual pub
lished sources, it may be necessary to make special investigations to deter
mine the situation. Large companies often carry on these investigations 
locally, and small companies can do the same on a cooperative basis.

Questions and Problem s

1. Discuss the steps necessary in approaching a statistical problem.
2. In  considering the location of a factory, da ta  upon w hat factors should be 

collected?
3. W hat operations should be planned definitely to  secure effective production 

control?
4. Upon w hat da ta  is the  production schedule based?
5. Discuss th e  records of the purchasing and stores departm ents used in con

trolling purchases and m aterials on hand.
6. W hat factors m ust be studied for the control of raw m aterials?
7. In  routing products through a manufacturing plant, w hat are the requirem ents?
8. W hat is the purpose and nature of the G an tt chart for scheduling production?
9. W hat is the purpose of machine burden records?

10. Discuss “ dispatching.”
11. How is the “ work o rder” record used in dispatching?
12. How can quality  be controlled in relation to  working standards?
13. Discuss the im portance of sampling in inspection.
14. W hat is the purpose of tim e and m otion study?
15. W hat are the principal steps in job standardization?
16. Describe the stop-w atch method of operation study.
17. W hat is the micromotion m ethod of operation study?
18. How should one proceed in establishing the “ base” tim e for an  operation? 

How m any tim e readings are necessary?
19. W hat allowances require additions to  observed time, and how are allowances 

determined?
20. How can wage rates be compared?
21. Discuss the relative m erits of the time or day-rate and the stra igh t piece-rate 

wage plans.
22. W hat is the H alsey wage plan? The B arth  premium plan?
23. W hat are the characteristics of the Taylor differential piece-rate plan? W hat 

are those of the G an tt task  and bonus plan?
24. W hat is the final tes t of a  wage plan?
25. How m ay incentives for beginners be provided?
26. W hat is “ labor turnover” ? How is it  com puted? W hat im portan t uses of 

such data  are made?
27. How m ay attendance and accident statistics be used in industry?
28. Discuss the use of current wage and  cost-of-living da ta  in  determ ining fair wages.
29. P repare a set of forms to  be used in the statistical control of production in a  

specific concern which will cooperate w ith  you in furnishing information.
30. Make a stop-w atch tim e and m otion study in a  small concern which will 

cooperate w ith you in making such an investigation.
31. D raw  up a detailed plan for making a micromotion study in a certain plant.
32. In  a certain plant, which will give you inform ation on th e  wage plan now 

used, analyze the plan as compared w ith other plans, using the methods suggested 
in this chapter.



CHAPTER XXI

MARKETING ANALYSIS

The degree of success that a manufacturer or trader has attained 
ordinarily depends in a large measure upon how effectively he has built 
up and maintained a market for his products. Production capacity in 
general, at the present time, is greater than the market capacity for 
absorbing the products a t a profit to the producer. The market is 
normally a buyer’s market, which means that the seller must aggressively 
push his goods if they are to be sold under the present conditions of keen 
competition. An intensely competitive situation in a market does not 
mean, however, that one should stay out of it. In fact, extensive 
markets are very likely to be highly competitive, but the opportunities 
may be very good to sell an improved product through superior sales 
efforts based upon definite and accurate information. During recent 
years, the statistical analysis, often based upon specially collected data, 
has come to be an important factor in determining what, where, when, 
and how goods should be marketed.

Analyzing the Market.—Before attempting to build up a market, one 
should find out what can be sold and determine as far as possible the 
extent and nature of the market. What can be sold depends upon 
the consumer’s conception of the satisfying powers of the various com
modities, and how much can be sold depends largely upon the number 
of people and their purchasing power. A skillful analysis of these 
factors should precede any attem pt to establish a new market.

The value of statistics in solving the above problems is now widely 
recognized. And it is just as important that the difficulties, dangers, 
and limitations attending their use be thoroughly appreciated. As 
pointed out previously, statistics cannot take the place of good judgment, 
mental alertness, or common sense. But when the business man is 
attempting to decide upon a marketing policy, he finds it of great value 
to have, among other things, an unbiased and true report upon the 
statistical facts regarding the situation.

I t is particularly important that the scope of a market investigation 
be defined as definitely as possible before beginning the work of collecting 
data. After the problem has been defined, one should ordinarily use 
secondary information as far as possible, but most investigations will 
require the collection of a t least some primary data. A complete market 
analysis not only includes a careful measurement of existing and potential
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demand, but it also includes a careful checking up on the selling points 
or satisfying powers of the product itself.

Preliminary Study of the Market.—Before making a complete study 
of the market, it is often advisable to make a preliminary survey for the 
purpose of finding out whether or not a more detailed survey should be 
made. I t  often happens that a preliminary analysis will indicate quite 
definitely whether or not the proposition is favorable. If it is shown 
to be decidedly unfavorable, much of the expense which would be neces
sary in making an extensive survey will be saved. If it is decidedly 
favorable, only the details for carrying out the plan will remain to be 
worked out. If the preliminary results do not indicate a definite answer, 
they will practically always at least indicate how a much better analysis 
can be made than would have been made if a complete survey had been 
attempted at the outset.

Preliminary surveys are ordinarily based to a greater extent upon 
secondary data than are final surveys. By using available data that are 
already compiled, much can be learned about a marketing problem at a 
relatively small cost. The gathering of primary data is an expensive 
process and should ordinarily be done only when it is obvious that 
valuable results will be obtained which cannot be secured from secondary 
data alone.

Demand and Supply Measurement.—Questions of supply and 
demand are usually involved in marketing analyses. The terms, 
however, are often used loosely in business and sometimes quite inaccu
rately. Strictly speaking, the supply of goods on the market does not 
mean the total stock in existence, but that quantity which the owners are 
willing to sell a t a certain price. The goods which are in existence, but 
which are not for sale, constitute only a potential supply. Demand in a 
market means the quantity of goods that will be taken at a given price. 
It must not be confused with desire, to which there must be added ability 
to pay and inclination to buy before there is any demand. Both supply 
and demand often fluctuate widely over a period of time and as much 
definite information as possible should be collected concerning potential 
supply and demand in order that one may have some indication of the 
probable future condition.

For certain staple commodities, with a relatively stable rate of 
consumption, it is possible to determine the demand with reasonable 
accuracy. Likewise, it is possible to determine the supply of many 
staple commodities, as extensive records are compiled by government 
and other agencies. In many instances, however, direct measurement 
cannot be made of demand and supply, and it is necessary to estimate the 
situation on the basis of indexes or indicators developed from related 
series of available data.
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Demand Conditions—Indexes of Demand.—In determining the 
extent of demand, a high degree of accuracy is seldom practical because 
a certain margin must be allowed to take care of the changes which will 
undoubtedly occur in a short time. I t  is important, however, to obtain 
indications as to whether there is strong, good, fair, poor, or no demand, 
and sometimes it can be gaged much more closely than this. Instead of 
trying to make absolute measurements of the demand for a specific 
product, it is usually satisfactory to obtain some kind of an index or 
indicator of the situation.

There are many forms and variations of indexes of demand and they 
have varying degrees of value. Often there is an obviously direct relation 
which makes one series an index of another. For instance, permits to 
build, that are issued by a city building department, indicate the demand 
for certain building materials, and sales of gasoline may be indicative of 
the demand for replacement tires and automobile accessories.

Since demand varies with differences in people, commodities, seasons 
of the year, customs, religions, and ages, as well as with the population 
and purchasing power, it  is obvious tha t it is necessary to use many 
different kinds of indexes. Purchasing power varies widely with the 
business cycle; consequently, it is necessary to have indexes of general 
business conditions in determining the general demand situation.

National distributors find it of great value to have indexes of demand 
for many different geographic sections of the country. This enables 
them to know which districts are the best in which to push sales. When 
demand in some districts is low or declining, they will concentrate their 
sales efforts in the districts where the demand is good or improving.

In order to determine the extent and distribution of demand, data on 
population and purchasing power are of utmost importance in making 
practically all marketing analyses. For many products, the market will 
vary reasonably directly with the population. • This is important in 
determining the relative importance of different parts of the country 
and in determining changes which are taking place in the market in 
rapidly growing communities. And, of course, if the population data 
are to be of greatest significance, it is usually necessary, and sometimes 
imperative, to have classified detailed data on purchasing power.

The methods of making and applying population and purchasing- 
power estimates have been discussed previously. 1 While these methods 
are of great importance in making other types of investigations, it is in 
making analyses of the market that they ordinarily find their greatest 
value.

Supply Conditions—Nature and Extent of Competition.—Most of 
the preceding discussion applies to the demand side of the market. This

1 See Chap. X IX  on Population and Purchasing Power.
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is, however, only one side of the problem and it is also important to find 
out what the situation is on the supply side, or, in other words, to analyze 
competition. Among the more important factors to be determined are 
the source of competing products, the strength of those furnishing com
peting products, and the condition of present stocks.

I t  is necessary to know the source of competing products in order 
to know something about the conditions of production, cost of transporta
tion, tariffs (if the goods are foreign), and other similar factors. I t  is 
obvious that the strength of competitors due to financial backing, good 
will, and other factors, which would make it difficult to introduce a new 
product, should be very carefully considered. If large stocks of a product 
are already in the existing market, prices may be unsatisfactory for some 
time, and it will be better to concentrate upon developing a market 
somewhere else.

Statistics on actual production, shipments, importations, stocks, etc., 
of many commodities may be used in determining the competitive situa
tion of other commodities in the various markets under consideration. 
Large importations of bananas in New York City, for instance, may 
indicate poor conditions for oranges and other fruit in this market.

Statistical information on the stocks of many of the principal com
modities in the country are compiled and published by governmental 
departments, trade associations, and other organizations. The Survey 
of Current Business publishes data on stocks on hand of beef, poik, m ut
ton, sugar, cottonseed products, flour, wheat, rice, corn, oats, rye, barley, 
apples, butter, cheese, eggs, poultry, fish, beverages, coffee, tea, tobacco, 
wool, cotton, silk, rayon, hosiery, hides and skins, coal, coke, petroleum, 
gasoline, iron ore, steel, copper, lead, zinc, tin, lumber, roofing, cement, 
brick, turpentine, rosin, alcohol, rubber, tires, paper, wood pulp, and other 
products. When conditions in the market for one or more of these com
modities are being taken as indicators of conditions in markets for com
modities on which information is not available, care should be taken to 
see that changes in styles, customs, prices, etc., have not destroyed their 
significance.

As previously pointed out, finding a keen condition of competition 
does not mean that one should stay out of a market. If a market is a 
good one it is to be expected that it will attract a considerable amount of 
trade. A highly competitive market, if it is an extensive one, is often a 
good one in which to sell goods through superior marketing methods, 
and it is one of the objects of the market analysis to determine the best 
selling points and best selling methods.

Determination of Market Areas and Sales Territories.—If a manu
facturer, wholesaler, or other distributor is to have an adequate check 
upon his salesmen and what may be expected of them, it is ordinarily
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necessary to divide the total market area into sales territories. This 
involves first a determination of the limits of the total market area, and 
in doing this it is ordinarily necessary to make a study of the distribution 
of the population and purchasing power, the extent of competition, the 
time and cost of deliveries, and the probable future development. Then 
the total area can be divided into territories of approximately equal 
importance, or if they are not equal, the management will know about 
what is to be expected from each area. In problems of national scope, 
it is often desirable to lay out the sales districts on the basis of the large 
population centers with their tributary territories.

In laying out and analyzing trading areas on the basis of important 
centers and tributary territories, the problem is to group properly the 
county population and purchasing-power figures (previously discussed 
in Chapter XIX) around the centers to which they are tributary. The 
principle of this plan is simple and obvious, but its practical working out 
involves many difficulties. In explaining this situation the director of 
research of the J. Walter Thompson Company pointed out that “ perhaps 
the most serious difficulty in this work is that growing out of the vague
ness of the term ‘tributary territory.’ There are for example about 180 
cities in the country which are primary grocery jobbing centers with large 
grocery jobbing houses; but taking large centers and small ones together, 
there are 567 centers with grocery jobbing houses of substantial size. 
One of our first efforts was to group about these 567 centers the territory 
more accessible from those centers, respectively, than from any others. 
In revising this work for publication, the Bureau of Domestic Commerce 
of the Department of Commerce regrouped these territories about the 
180 primary centers alone. 1

“ Either plan is effective for groceries, but neither grouping works 
wholly satisfactorily for drug products. There are 205 centers with 
substantial drug jobbing houses and when the county figures are grouped 
around these with proper allowances for the large center jobbers operating 
on an interstate basis, the result is quite a different grouping from that for 
groceries. 2

1 As p a rt of the 1929 edition of the  “ M arket D ata  H andbook,” th e  Bureau of 
Foreign and Domestic Commerce published a wholesale grocery m ap w ith 183 terri
tories (see Exhibit 202, p. 499). In  the 1938 edition of the “ Atlas of Wholesale 
Grocery T rading Areas” (Bureau of Foreign and Domestic Commerce), the over
lapping of the areas is indicated where it is known to exist. In  the words of the 
Atlas, “ Trading area boundaries are no t high walls over which trade cannot pass, 
rather, they m ark spheres of greatest influence, frequently  bordered by  regions from 
which the center in question draws some trade b u t which are prim arily related to some 
other center.”

2 In 1935, The N ational Wholesale D ruggists’ Association published “ D istribu
tion through D rug Channels in the 84 Wholesale Trading Areas.”  This study pre
sented wholesale drug trading area maps and pertinent m arket data.
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“ Again, for goods sold to the dry goods and department store trades 
the picture is very different from either of the others. There are 681 
places having large department stores and 632 additional places with 
smaller ones. About these places it is possible to group surrounding 
counties in retail shopping areas which will have few exact parallels with 
the areas for jobbing either drugs or groceries. 1

“ By constructing in the manner thus outlined a series of subdivisions 
of the country into various types of homogeneous areas or markets, 
tributary to centers, it might be possible to find a number of centers 
appearing on all or several of the lists which would then become a recog
nizable group of general trading centers. But in the meantime, groupings 
of trading areas about recognizable centers for the various individual 
trades seem to offer the best results.

“ Great progress has been made in the development of figures for 
use in sales quotas. The quantitative figures have been increased in 
variety and trustworthiness; the qualitative figures giving some idea of 
purchasing power have also been made much more useful; and, finally, 
the grouping of these figures in conformity with the sales practice and 
experience of the individual concern has shown marked advance. Instead 
of measuring sales in a given place by comparison with the population of a 
political group, they are now being measured more nearly by the people 
who ought to be reached from that place with due consideration of their 
ability to buy .” 2

Retail Trade Areas.—Although retail trade areas may be laid out 
on the basis of population and purchasing power principally, these and 
other data cannot be applied unless the following factors (statistically 
measured) are taken into consideration:

1. T ransportation  facilities (streets, highways, electric lines, railroads, etc.).
2. Facilities for comm unication (newspapers, telephones, etc.).
3. Competition from other dealers.
4. Business, am usem ent, and other attractions.
5. Topographical and climatic conditions, and their effect.
6. The psychological effect of distance and the m obility of trade.
7. Special barriers, hazards, etc.

In connection with the above, it is obvious that the type of com
modity, the size of the store, the delivery service, the advertising policies, 
etc., must be carefully considered, and that it is possible to influence the 
factors that would naturally determine the size of the territory. Ordi

1 The J. W alter Thompson Company has prepared a detailed tabulation  of these 
retail shopping areas for the entire country.

2 From Paul T . Cherington, “ Some Recent Developments in M arket Analysis,” ' 
an address delivered before the Taylor Society.
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narily, the territory should be laid out on the basis of the best existing 
conditions, allowing, however, for a reasonable amount of advertising 
and other influences which can be brought to bear in a practical manner.

Consumer Market Data Handbook.—While a number of secondary 
sources of data may have to be used in determining market areas and 
sales territories, and while much original information may have to be 
gathered, there is one published source with which all students directly 
or indirectly interested in commodity market analysis should be familiar, 
because of its value as an aid in analyzing the geographical distribution 
of the market for a certain product. This source is the “ Consumer 
M arket Data Handbook,” compiled and published by the United States 
Department of Commerce, Bureau of Foreign and Domestic Commerce. 1

In selecting the items for the Handbook, an effort was made to 
include in each type the items that would be of greatest value to those 
interested in marketing to the different classes of consumers. The 
information was compiled from both governmental and private business 
sources and includes the following information for the 3,073 counties 
in the United States: population and dwellings; retail and wholesale 
sales; value of products manufactured; number of farms; employment 
and payrolls; retail sales by types of stores; income tax returns; auto
mobile registration; radios; residential telephones; domestic electric 
meters; magazine circulation; and farm values.

The county was selected as the statistical unit primarily because 
it is the smallest political unit for which satisfactory statistics are avail
able. The county unit was strictly adhered to with the exception of a 
few instances. The counties are listed in such a manner that it is con
venient to retabulate the figures to fit the particular needs of the individ
ual organization in laying out its market areas. The map in Exhibit 2 0 2  

indicates how the country can be subdivided into sales territories.
The different kinds of county data included in the handbook will be 

used in many different ways, varying according to the different types of 
commodities, sizes of distributors, operating policies, etc. The manu
facturer of electrical household equipment may wish to lay out his sales 
territories on such a basis that the number of electrical consumers in 
each territory will be about equal. Another may wish to weight the 
data for each territory according to its purchasing power, or according 
to the population which represents a potential market. Another would 
have the problem of variations in the success of the different salesmen

1 F irst published in  1929 as the “ M arket D ata  Handbook of th e  U nited S tates.” 
This was followed b y  “ General Consumer M arket S ta tis tics” in 1932, and by the 
“ Consumer M arket D ata  H andbook” in 1936 and 1938. Brief descriptions have been 
given previously on pp. 44 and 446. An “ Industria l M arket D ata  H andbook” is in 
preparation.
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and the territories would be unequal in importance. In  all of these 
instances, however, the manufacturer would have a basis for knowing 
where his markets exist. Likewise, the tire manufacturer has a basis 
for knowing where the tire market is when he refers to the automobile 
registration figures. The figures on farm values may show the farm 
machinery manufacturer where his market is. The manufacturer 
of a safety device for mine hoists knows where the minerals are being 
produced, and so on. I t is not, of course, essential that the distribution

E x h i b i t  202.— “ M arket D a ta  H andbook” wholesale grocery territories map (1929). 
This m ap indicates how the country can be divided into sales territories on the basis of 
economic un its by combining the  counties around central d istributing  cities. (The original 
m ap is £7 by 42 1 inches in size and shows the names of the counties and principal cities.) 
A sim ilar bu t more detailed m ap is included in  the “ Atlas of Wholesale Grocery Trading 
Areas,” published by the  U nited S ta tes Bureau of Foreign and Domestic Commerce, 
M arch 1938 (see first foo tno te  page 496).

be national in scope. Each section of the country, a state, or even a 
part of a state, can be much more readily handled as a market if the 
distribution of that market is understood. A manufacturer of feed for 
dairy cattle, for instance, may be interested only in the figures on the 
dairy products in the State of Virginia, but the distribution of this indus
try tells him where his market is, and he immediately has the basis of 
deciding upon the best receiving points, transportation systems, etc.

Determining the Consumer’s Point of View.—In view of the competi
tion that exists in marketing most commodities a t the present time, it is 
important to determine definitely what selling points make the greatest 
appeal to the consumer. The method is ordinarily simple although the
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application is often difficult. All of the known selling points are listed 
and a large number of consumers are asked to state their preferences. 
Data are compiled from these by classes and the seller is able to determine 
the most satisfactory combinations for the different classes of demand.

In making these audits of public opinion, great care and considerable 
•skill are necessary if one is to uncover the real truth. I t  is not enough to 
take the individual’s word as to his reason for his preference for certain 
commodities, places of buying, services, and other factors upon which he 
bases his choice. This is because he bases his decisions more upon 
emotion and habit than he does upon reason. Consequently, consider
able attention must be given to watching the buyer and recording 
exactly what he does in actual practice. If, for instance, a questionnaire 
is filled out by the average user of household goods regarding why a cer
tain article is purchased and which will show whether advertising, dealer 
recommendation, or experience in use is the most powerful buying motive 
involved, we are likely to find that, according to the answers, experience 
in use ranks highest even in a case where the subtle use of advertising is 
almost entirely responsible for the sales of the product. As a rule, a 
person does not realize how much he is being influenced by suggestion in 
advertising, and the reasons that are given for buying a certain product 
may not be real reasons a t all. Consequently, one of the most important 
points in making a statistical market analysis is the recognition of these 
difficulties. Judgment and experience, of course, are required in solving 
such problems, but many wrong conclusions will be avoided if it is realized 
that the difficulties exist.

Fitting the Product to the Market.—A careful statistical study of 
what the public wants is often extremely valuable in strengthening a 
concern’s competitive position. Many staple commodities, such as 
children’s underwear, household cleansers, brushes and brooms, or bacon, 
bread, cheese, and similar food products, or water heaters and similar 
equipment, are not materially affected by the style element, and their 
sales are determined largely by the number of relatively permanent 
selling points in relation to price. I t  is, therefore, of great importance 
to break such products down into their elements of desirability and then 
combine as many of these elements as possible into one product. Infants’ 
underwear becomes a question of wool, cotton, silk, rayon, or mixtures; 
buttons or tapes; light or heavy; colored or white; softness; shrinkage; 
durability; price; etc. Brooms become a question of weight, durability, 
appearance, etc., in relation to price. Water heaters become a question 
of instantaneous or storage, service, size, and price. Other products 
can be broken down into their component parts in the same way; and by 
collecting information by means of questionnaires or through field 
enumerators, the selling concern will be able to provide the most desirable
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product by classes of people and by localities. Exhibit 203 shows a 
simple questionnaire that was used in analyzing the market for water 
heaters.

I t is obvious that an opinion based on a representative sample, such 
as those just referred to, will often cause decisions to be made in a manner 
which will differ widely from those which will be based upon the opinions

L E T T E R H E A D
January  10, 1931.

W ith the idea of extending the m arket for his product, a m anufacturer of a 
medium-priced w ater heater, making bo th  storage and instantaneous types, 
has asked us to  secure some inform ation for him  about the possible m arket for 
his product in New England.

We feel th a t you will be willing to take the tim e necessary to answer the 
brief questions below, as th e  inform ation furnished now m ay be of real benefit 
to  you a t  a  la te r date, since th e  sales policy will be based upon the facts obtained.

Assuring you of our appreciation of your cooperation,

(Signature)

1. W hat type of ho t w ater heater do you prefer?
Instantaneous ?________________ Storage ?________________________________
W hy?_________________ ______________________________________________

2. W hat priced heater do you m ost frequently install in the average home? 
$_________________ Price range $ ______________ to $______________________

3. (a) Are you thoroughly satisfied w ith the present method of m arketing
heaters through the plum ber? ______ __________________

(6) Would you prefer to  buy  direct from m anufacturer?
W hy?___________________________________________

(c) If bought direct, should heater be installed by
P lu m b er?_ _________ or H eater C om pany?__________________________
W hy?.______________ _______________________________________________

4. R em arks_____________________ _________________________________________
N AM E_____________________ _ _______ADD RESS_______________________
(It is no t necessary to sign this questionnaire.)

E x h i b i t  2 0 3 .— Questionnaire sent to builders in an analysis of the m arket for w ater heaters.

of one or a few. Individual opinions on the part of the management will 
often differ from those of the majority of consumers to an extent which is 
great enough to interfere seriously with the profits of the enterprise. I t  
is often the case, especially in small enterprises, that the opinion of the 
manager is based to greater extent upon friendly compliments than upon 
cold facts regarding the opinions of unsympathetic buyers. If, a t her 
tea, Mrs. Jones is highly complimented on her home-made candy and is 
told that she should start a candy factory and store, she should not be 
too credulous, for she may find that the public has different opinions
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should she actually start the enterprise. Such cases are very common 
in the business world, where enthusiastic inventors of all types of things 
take friendly compliments as indications of the markets for their products, 
only to find later, through the expensive process of trial and error, what 
they could have found out a t small cost by collecting unbiased statistical 
data—namely, that there is virtually no demand for the product.

Statistics in Advertising.—Statistical investigations are valuable aids 
in planning an advertising campaign, in carrying it out, and in checking 
results. Before proceeding with an advertising or selling campaign, a 
concern needs to know the answers to the following questions: Who are 
the users of its product? Where do they live? How many are there? 
How much may they be expected to buy? W hat are the substitutes for 
its product, and how satisfactory are these substitutes? W hat are the 
preferences, likes, and dislikes in connection with its product and its 
competitors? I t is obvious that such information is of utmost impor
tance. The questions, of course, cannot be answered perfectly, but sta
tistical facts and analyses are a great aid in securing better answers 
than could be obtained without them.

In answering the above questions, one ordinarily needs data on the 
size, density, and distribution of population, and facts which indicate 
the characteristics of the people such as race, age, religion, and educa
tion. Any illiteracy, of course, directly limits the effectiveness of adver
tising. One also needs data on incomes and on the distribution of the 
family purchasing power among the different products. By using the 
sampling process, either with questionnaires or personal enumerators, 
much information can be gathered at a relatively low cost which will 
indicate the answers to the last two questions listed above, and although 
the answers will not be based upon complete information, they will be 
much more reliable than mere opinions, and much less costly than 
experimenting with the market.

Careful statistical studies to determine selling points are being used 
with substantial success to increase the efficiency of advertising. Such 
investigations are helpful in deciding what appeals are the strongest, what 
illustrations are the best, what size is the most effective, and how 
frequently the advertisement should appear, as well as in determining 
to a considerable extent what the results are to be before the money is 
spent.

One method of checking up on results of different advertisements in 
different mediums is through keeping careful records of the inquiries. 
The different advertisements in the different magazines are keyed in 
such a way that the inquirer indicates the particular advertisement which 
caused him to send in the inquiry. For instance, the address of the 
advertiser may contain “ Department 263.” This, of course, is not
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really a part of the address but is a key which indicates that the inquirer 
saw the advertisement in a certain magazine, each individual advertise
ment in each magazine also being designated by a different “ department ” 
number. Another method, which is used to determine whether or not 
an advertisement is being read, is to offer, for instance, a complimentary 
booklet on an interesting subject and at the same time to tell the reader 
to send for the booklet, giving its particular number. The general 
subject of the booklet may be advertised in several different magazines, 
but in each of the different magazines the booklet will bear a different 
number, and consequently the advertiser will be able to check the relative 
effectiveness of the different mediums.

In distributing advertising material and circular letters by direct 
mail, it is often advisable to test out the material by sending it to a small 
proportion of the list first. If a certain percentage of inquiries is received, 
the advertiser has an indication of what is likely to happen if the material 
is sent to the remainder of the list. In this way, the advertiser often 
realizes a saving by finding that it is advisable to revise the letter or 
circular or to prepare a new one.

Laboratory tests of advertising are often made by psychologists for 
the purpose of testing effectiveness. These tests are made both before 
and after the advertising is run. There are many difficulties in making 
these tests, however, which interfere with getting accurate results. Most 
of them arise from the fact that the conditions under which the average 
person actually reads advertising cannot be duplicated in a laboratory. 
The reader ordinarily cannot have the same attitude toward advertise
ments under laboratory conditions, where tests are being made, that he 
has when casually reading a magazine. Even with these difficulties, 
however, the advertiser is able to gain much valuable information from 
the records obtained, which he can use to advantage in preparing and 
revising copy.

Another important test in advertising and selling is that of going 
directly to the consumer and discussing the product with him. An 
investigation which was made for a soap manufacturer illustrates the 
value of this kind of information. The manufacturer had made every 
effort to make this soap as good scientifically as it was possible for expert 
chemists to make it. He had also spent considerable sums in getting a 
well-designed cake and an appropriate package. He wished to combine 
in this product as many qualities as possible that would make it a popular 
soap for women. I t  was widely advertised and readily available in 
neighborhood stores. I t  was offered at a reasonable, price, but it would 
not sell. He then conducted an investigation with a representative 
number of women who tried out the soap and discovered a number of 
objections among which the most important was the odor of the perfume.



504 BU SI N ES S  S T A T I S T  ICS

This perfume had been included as a m atter of course by the man who 
had made up the formula, and while it had not been thought objection
able by the men who worked with the soap 8 6  per cent of the women 
in the test objected to the odor and suggested that a different one 
should be used and 64 per cent said tha t the odor was much too strong 
for soap.

The foregoing methods of testing advertisements are also valuable 
in checking up on packages, window displays, counter displays, and the 
like, where their success depends upon their effect upon the consumer.

Advertising is costly, and it is generally thought that much money 
is wasted in this method of creating demand. For this reason, the leading 
publications which sell advertising prepare statistical data for the purpose 
of showing those who are buying the advertising just what kind of a 
market is covered, and about what results can be expected. Reference 
has been made (page 445) to some of the more widely applicable work 
of the Curtis Publishing Company, the Crowell Publishing Company, 
and the International Magazine Company. Much of the market 
analysis work, however, of these and other magazine and newspaper 
publishers is designed to show their advertisers the sizes and types of the 
markets reached through their particular advertisements.

When magazines and newspapers are attempting to determine the 
nature and extent of the markets served, it is ordinarily necessary to 
collect a considerable amount of primary data. An example of a survey 
of this type, made by a college newspaper in analyzing the market that 
it served, is furnished by an investigation conducted by the California 
Daily Bruin. The questionnaire that was used is presented in Exhibit 
204. A few of the results will be discussed in order to indicate how they 
were used. The survey indicated an annual expenditure by the students 
of approximately $1,500,000 for clothing. Naturally, the local depart
ment stores and other dealers in commodities used by these students 
would be interested in this market. According to the survey, practically 
all of the students in the university read their college newspaper, and it 
was also read by the families of 62.5 per cent of the students. Ninety- 
four per cent of the students said that they read the Daily Bruin adver
tisements, while only 24.5 per cent said that they read the advertisements 
of the down-town newspapers. With these figures, those who were selling 
Bruin advertising space could point out the great advantage of adver
tising in this medium, as a method of reaching this market. In the same 
manner, the automobile and other figures were analyzed and presented to 
prospective purchasers of advertising space.

Sales Management Statistics.—The use of statistics in selling has 
increased rapidly during recent years, though there are still many sales 
managers who do not understand their use and who are skeptical of their
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“ C a l if o r n ia  D a il y  B r o in t ”  Q u e s t i o n n a i r e

1. Check the section you live in  
H ollywood.
O ther Sections...........
2. Where do you shop m ost? (Check three in each of A , B , and C.)

.Beverly H ills........... W ilshire............ Beach T o w n s...
(.Santa M onica and 

. . . . nearby towns)

A B C

Army & N avy D ept. Store 
Barker Brothers B aker’s
Broadway D ept. Store H arris & Frank Florsheim
Bullock’s Desmond’s French Slipper Shoppe
Coulter’s Silverwood’s Gude’s
Dyas Forem an & Clark Hackleman & Long
M axime’s H am ner & Son I. Miller
M ay Co. Jacoby’s Innes
J. J. H aggarty Mullen & B luett Walk-Over
Robinson’s Phelps-Terkel W etherby-K ayser
Sears Roebuck Star
W alker’s F ifth  Street Store Young’s

O thers...........................................................
D. E stim ate am ount spent on clothes

3. Do you shop in Hollywood?........
4. Do you shop in the Los Angeles 

downtown d is tric t? .........................
5. W hat is your usual m ethod of 

tran spo rta tion? .................................
6. Do you drive a ca r? ........................

Own one?. . . W hat m ake? ............

7. Is the B ruin  read by members of 
your fam ily?......................................

8. Do you read ads in th e  B ru in ? .. . .

9. Do you read any of the dailies?. .

Do you read the ads in them ?

10. Do you buy tailor-m ade clothes? 
................R eady-m ade?....................

yearly ...............................................................

11. Are you accustomed to dealing 
w ith specialty shops or w ith de
partm ent sto res?..............................
From preference or convenience?

12. Do you ordinarily confine your 
trade to  one store provided it 
meets your requirem ents?.............

13. Do you shop w ithout regard to the 
reputation  and service of the 
com pany?...........................................

14. Do you find th a t advertising 
influences you in deciding where 
to  b u y ? ................................................

15. Is quality  or price the deciding 
factor in your judgm ents? ............

16. Do you ordinarily pay cash or 
charge your purchases?..................

N A M E (optional) A D D RESS SEX

E x h ib it  204..—Q uestionnaire used in analyzing a  university m arket and in determ ining 
the value of a college newspaper as an advertising medium.
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value. The general manager of a certain steel-forging business in a 
recent discussion of the question “ Is the statistician a real help to the 
sales manager?” states: “ I know a sales manager who almost lost his 
job a few years ago. He was and is a great volume builder. His men 
know how to sell merchandise and they get sizable orders. The house 
is never short of orders. But the problem which his management must 
face is that at the end of the month there is no worth-while profit to 
compensate for all the work done. This house tried to get this sales 
manager to install a statistical department. But the suggestion was not 
received in a kindly manner. ‘Too much fool overhead expense now,’ 
was his reply. ‘ Just leave us alone. Give us better goods and, if possi
ble, get your costs down. You’ve got us carrying so much overhead now 
that you are choking us to death. Don’t talk about increasing the 
overhead.’” However, an investigation was made which showed that 
the company’s difficulties lay in the fact that the business was being 
obtained from a territory so broad that, without a proper price differential 
to include freight and without recognizing and adjusting the traveling 
expenses in the distant territory, the company would continue in trouble. 
The selling policy was revised and an advertising program was initiated. 
Within two years enough additional business was developed in the home 
territory, at a good profit, to make the house independent of its distant 
business. 1

Many department stores, as well as other institutions, keep careful 
monthly, weekly, and daily records of sales. As soon as the figures for 
the current week are available, a form is filled out comparing them with 
the sales of the previous week and with those of the same week of the 
previous year. Ordinarily, the week of the previous year referred to is 
the same week according to the calendar—that is, the twenty-fifth week 
of this year would be compared with the twenty-fifth week of last year. 
However, this rule cannot be followed arbitrarily when similar weeks, 
as far as trade is concerned, do not come at the same time every year, 
and, in order to make the analysis more complete, one would compare 
the week preceding Easter Sunday of the current year with the week 
preceding Easter Sunday of other years. Monthly analyses are also made 
by comparing the sales for the current month with the sales for the pre
ceding month and with the sales of the same month of the preceding year. 
And daily comparisons are made by contrasting corresponding Mondays, 
Tuesdays, etc. in previous weeks, months, and years. Tendencies and 
changes over a longer period of time may be analyzed, as indicated in 
the previous discussions of long-time trends.

1 D e u t e , A. H., General Manager, The Billings and Spencer Company, in Printers’ 
In k , M arch 7, 1929.
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In setting sales quotas, it is extremely important that the sales man
ager know the condition of the business cycle in the industry as accurately 
as possible. If the quota is the principal basis of paying salesmen, and 
it is based on prosperous conditions, salesmen will not receive a fair 
income during a period of depression. If the quota is based on a depressed 
market, the salesmen will receive such large amounts in prosperous 
times that they will be greatly out of proportion to just incomes.

Forecasting Sales.—In making a forecast of sales, one must first 
find out as much as possible about the past and present conditions which 
affect future conditions in the market for the particular concern’s prod
ucts. Then the forecast is made by applying the information in making 
the schedule of sales expectations. But a sales forecast should not be 
made by a mere mechanical application of information, although definite 
statistical procedure may be followed in arriving at the estimates. The 
forecast itself is not ordinarily as definite as it appears to be, and its 
best use depends upon a complete understanding of its real value. I t  is 
a systematic estimate which gives the sales manager or other executive 
a better idea of what to prepare for than he would have without it, but 
as a rule so many things can happen, which cannot be foreseen, that the 
sales forecast should not be followed blindly.

The information that is to serve as the basis of a sales forecast is 
gathered in various ways. Sometimes the necessary data are furnished 
by dealers. Sometimes they are collected by salesmen in the field. In 
other instances the investigations are based on information secured 
directly by the home office. In most instances, it is advisable to use the 
reliable secondary data that are available on such questions as population, 
purchasing power, financial conditions, building activity, retail trade 
conditions, and the like, even though extensive primary investigations 
are also made.

Field Investigations—Primary Forecasting Data.—Personal investi
gations in the field, when they can be made, are often of great value in 
connection with making sales forecasts. These may be carried on in a 
number of ways. A company’s representatives, when calling on the 
trade, may report upon the sales expectations of each dealer for 
the following year. From these data on sales expectations, along with the 
representatives’ own observations, a sales estimate for each district may 
be made.

When gathering information of the above type, definite question
naires or schedules should be filled out for each dealer, showing not only 
what the dealer himself expects his sales to be, but what the representative 
believes is a reasonable expectation. Exhibit 205 presents a dealer’s 
sales estimate questionnaire for gathering information to be used by a 
manufacturer in making a sales forecast. This form includes dealer’s
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and representative’s estimates, sales for the current year, and stocks at 
the beginning and end of the year—all by classes and types of products.

After obtaining the estimates of dealers’ sales, the compilation of the 
company sales budget for the entire district and for the country as a whole 
is undertaken. In this procedure, however, the dealers’ sales amounts

D EA LER ’S E ST IM A T E  O F SALES

For year______
Firm  name____________ Location_______________D ate_____________
E stim ate by___________ Position_______________ Co. R epresentative

D ealer’s 
sales 

estim ate 
for next 

year

Sales 
th is year 
(approxi

m ate)

Budget 
for this 

year

Representa
tive’s sales 
estim ate for 

next year

Expected 
stock hold

over (at sell
ing price) 

end of 
this year

Stock hold
over (at sell
ing price) 

beginning of 
this year

Product I 
Grade A

Grade B

Grade C

Product I I  
Grade A

Grade B

Etc.

T otal . . . .

E x h i b i t  2 0 5 .— D e a l e r ’s  s a l e s - e s t i m a t e  q u e s t i o n n a i r e  f o r  g a t h e r i n g  i n f o r m a t i o n  u s e d  b y  a  
m a n u f a c t u r e r  i n  m a k i n g  a  s a l e s  f o r e c a s t .

must be converted into the manufacturing company’s sales basis. In 
other words, the dealers’ gross margins and the jobbers’ gross margins 
must be eliminated. This can be done by deducting the average or 
standard mark-up from the sales estimate for each product, but as this 
may vary among different products, the percentage mark-up deduction 
may need to be computed for each type of article. Also, the dealers’ 
holdover stocks must be taken into consideration in estimating the 
manufacturer’s sales. In this connection, it is important to note that an
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increase in the stock held over does not necessarily mean that the dealer 
will not order to fill the entire expected sales requirements. Larger sales 
volume usually requires larger total holdover, although it usually results 
in a smaller -percentage of holdover for inventory requirements. The 
important feature in making adjustments of manufacturers’ sales esti
mates because of dealers’ holdover stocks, is to observe variations from a 
standard percentage of holdover stock. Thus, if product II, Grade A sales 
are estimated for the next year a t $5,000 for a given dealer and he has 
goods 011 hand of that grade and product of $4,000 at the sales price, it is 
probable that he will buy only enough during the coming year to end the 
year with a normal balance. Thus, if 20 per cent of the annual sales is a 
normal holdover, this dealer could be expected to order the product of 
this grade in the amount of $2,0 0 0  a t his selling prices, as this would 
leave a $1,0 0 0  holdover a t the end of the next year.

The example above indicates how an analysis of expected sales is made 
on the basis of dealers’ and representatives’ estimates. A similar 
analysis of sales probabilities can sometimes be made by determining the 
expected sales according to salesmen’s estimates.

To illustrate, we may consider the case of a furnace manufacturing 
company which has a retail department handling sales and installations 
of furnaces in new buildings and replacements in old buildings. Sales 
are made by salesmen who follow up every “ lead” evidencing a proposed 
new building or the remodeling of an old building. These salesmen 
establish contacts with architects, builders, and contractors. In esti
mating the sales of the retail or installation department for the following 
month, quarter, or year, the estimates of the individual salesmen should 
be indicative of the immediate consumer demand, although their esti
mates may not accurately forecast sales of a period far in the future.

In using salesmen’s estimates to assist in the preparation of a sales 
forecast, a careful analysis of the past estimates of each salesman and of 
his actual sales must be made. Each salesman must be made to realize 
that his estimate is more than a prediction; it is a quota expected from 
him. In making his estimate he will need to refer to his record of sales 
in progress and in anticipation. His sales for a similar period in a 
previous year will be important for comparison, but his knowledge of 
current conditions and current prospects should be most significant. 
Accuracy in making a sales forecast through the salesmen’s estimates is 
dependent upon their realization of their responsibility for careful 
estimating. Obviously, to make the sales forecast definitely valuable 
to the manufacturer, the salesmen’s estimates must be by types of prod
ucts as well as in total.

Collecting Forecasting Data at the Sales Office.—Many companies 
may not find it financially possible, or even advisable, to send representa
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tives into the field to call on dealers. Also, until their salesmen are 
properly trained, the salesmen’s estimates may be unreliable. Therefore, 
it may be necessary to limit the investigation of conditions in the different

Front

Back
E x h i b i t  206.— C ounty analysis card for sales-quota determ ination. (Courtesy, Perfection

Stove Company.)

territories to information collected in the companies’ offices. The 
practice of the Perfection Stove Company is illustrative of this method of 
surveying sales probabilities. This practice will now be described in 
connection with Exhibit 206.
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“ The unit accepted by the company for the accumulation of data and 
for purposes of forecasting sales expectations is the county. This unit 
was chosen because the product of the company—oil heaters—obtains its 
best distribution in rural sections, where buying power is good and fuel 
conditions are favorable to the use of oil. A detailed analysis has been 
made, for each county, of all conditions which seem to affect the sale of its 
product, and the resulting data are entered on a ‘ county card ’ (Exhibit 
206).

“On these cards, the shipments to dealers are tabulated by counties, 
a report being sent to each district manager every three months, showing 
the county totals by items for his district. The manager has a duplicate 
set of the cards and is advised of any additional information or changes. 
The card provides for the leading competition the company has to meet. 
The information, therefore, was obtained mainly from a ‘poll’ of oil-stove 
users, conducted by magazines and journals in which the company 
advertises. To supplement this condition of competition, the company’s 
own salesmen check up from time to time by questioning the dealers they 
call upon. I t is readily admitted by the company tha t these data are 
not complete, yet they do give an exceptionally good ‘ cross-section ’ view 
of county conditions and are proving in practice accurate bases from 
which to work. The latest government and other reports of crop, 
financial, and trade conditions are carefully analyzed and used to modify 
the expectation of business to be done, as well as to reveal the sections 
where special advertising or intensive work is required.

“ The county card, on the reverse side, shows what business has been 
done for several years back, and there are now being accumulated, by 
means of the punched card system, monthly shipments. This knowledge 
of general conditions and best sales is considered essential for a reasonable 
estimate of prospective business.

“As soon after November 1 as the October statistics are completed, 
the statistical and research department makes up detailed statements 
covering the 10 months’ business, January to October, plus an estimate 
from November to December. These statements are then forwarded to 
each district manager for a preliminary estimate of the next year’s 
business. The estimates, after being carefully reviewed, are translated 
into a manufacturing budget so that the cost department may develop a 
manufacturing program and figure standard costs for inventory purposes. 
As it is a six weeks’ job to make entirely new standards for a possible new 
line of product, the necessity of beginning this work by November 15 is 
clearly seen.

“ After the preliminary sales estimates have been reviewed and the 
manufacturing program decided upon, the budget officer visits the 
district offices in turn and works out with each manager a revised sales
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budget, adjusting the ratios of the various products and increasing or 
decreasing items which appear to be out of line. Upon the budget 
officer’s return to Cleveland the figures are again carefully reviewed and 
then approved by the general sales manager and the directors. ” 1 f

Market Trends.—In solving marketing problems, busihess men are 
constantly thinking of the long-time trend and its relation to the other 
movements. The two principal trends to be considered in this connec
tion are the trend of the market for the product and the trend of the 
particular company’s sales of that particular product. Though the 
business man constantly has long-time trends in mind and must consider 
them, it is difficult to determine them accurately.

I t  is of utmost importance that changes and faults in the basic trend 
be discovered promptly so that they will not be mistaken for cyclical 
variations. Often these may be discovered through investigations and 
analyses which are not statistical. This is illustrated by the wholesale 
dry goods and grocery situation in Los Angeles in 1926. Department- 
store sales were increasing steadily, while wholesale dry goods sales 
showed a marked tendency to decline. An investigation indicated a 
shift to the effect that department stores were buying more of their 
merchandise directly from the manufacturer and less from the whole
saler. Another investigation indicated that a similar situation existed 
in the grocery trade in Los Angeles—that is, while the city had been 
growing steadily, wholesale grocery sales had declined. The explanation 
was that chain grocers had a much larger proportion of the retail trade 
in 1926 than they had in 1921, and while chain stores were buying a 
considerable proportion of their groceries from jobbers in 1921, they were 
buying practically all of these goods directly in 1926. In addition to 
this, the tendency to consume a larger proportion of fresh fruits and 
vegetables had also influenced the basic trend of wholesale grocery sales.

Seasonal Variation.—It is generally appreciated that seasonal varia
tion plays an important part in many types of distribution. Exhibit 
157, page 327, shows the Christmas peak in shoe sales very distinctly, 
and Exhibit 155, page 324, shows the summer peak in gasoline consump
tion. A statistical determination of the average seasonal variation aids 
materially in making plans for the year’s business. Seasonal variation 
often occurs in a market as a whole and in a concern’s business as a whole, 
but, if the best results are to be obtained in making constructive analyses, 
it is often necessary to break a concern’s business up into minor parts and 
to study the variation in small groups or single lines of commodities.

In many instances, seasonal peaks and valleys in a concern’s business 
can be smoothed out to a considerable extent, with profitable results.

1 B r u e r e , H e n r y , and A r t h u r  L a z a r u s , “ Applied Budgeting,”  pp. 1 2 3 - 1 2 6 ,  
M cGraw-Hill Book Company, Inc., New York, 19 2 8 .
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In other instances, the causes of the seasonal'variation are more funda
mental and it is advisable to fit the business carefully to the market con
ditions as they exist. In both cases, it is obvious that it is necessary to 
have a thorough understanding of the seasonal variation, and, in this 
connection, statistical methods serve a very useful purpose.

Marketing and the Business Cycle.—In no field is the proper analysis 
of the business cycle of any greater importance than in marketing. All 
that has been said in past chapters regarding the analysis of the business 
cycle is of great importance in market analysis. Undoubtedly, this is 
already appreciated by the reader, because several of the examples used 
in illustrating business cycles in previous discussions of this subject were 
distinctly marketing problems. Some of the greatest losses in handling 
commodities are due to misjudging the cyclical conditions of the market. 
The 1920 silk situation, for instance (see page 272), furnished a striking 
example of lack of information, wrong information, and incorrect analysis 
regarding the cyclical condition of the market.

Similar problems were faced by those who were engaged in other lines 
of wholesale and retail trade. “ In the autumn of 1919, the merchandise 
manager of a department store in New England began to make plans 
lor the spring trade in one of his important lines. He knew the prices of 
raw and finished goods had been advancing steadily, and retailers had 
encountered difficulties in securing prompt deliveries. He was convinced 
that he must place his orders well in advance of his needs. His store, 
like that of other retailers, had sold an unprecedented amount of goods. 
Trade rumors appeared to indicate that the supply of raw materials was 
less than normal, and it was so difficult to secure deliveries that retailers 
duplicated orders with different manufacturers in order to be assured 
°f the delivery of part of their requirements.

“ The merchandise manager thus decided to place in the autumn an 
order for the full requirements of the anticipated spring trade in 1920, for 
the purpose of avoiding the loss of prestige which the store would face 
rf it were unable to supply its customers. To finance its purchases the 
company negotiated a bank loan at a time when money rates were rising, 
when wholesale and retail prices of all commodities were tending upward, 
and when the rapid advance—although the manager did not know this 
fact—had led to a considerable amount of speculation in the goods he 
Wished to buy. The loan was obtained, the order given, and the result, 
°t course, was a heavy loss.

“ I t  should here be pointed out that the retailer must carry stocks on 
hand. He must expect to make some losses in a period of depression. 
Some retailers believe that it is wise to build up a reserve in a rising 
•Market, fixing prices on a replacement value; they believe that it is good 

usiness to take losses early in a falling market by the same process of
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determining prices by replacement values. If information were provided 
to enable the retailer to change his present habits and buy ‘from hand to 
m outh’ a t the top of the boom and in larger quantities in a period of 
depression, bank credits would be relieved and cancellations decreased. 
I t  is the natural tendency a t present to overstock in boom times and to 
stop buying in depression. This tendency is strengthened by the diffi
culty of obtaining deliveries in a period of boom.

“ The following instance of two manufacturers in the shoe industry 
illustrates the difference between what may be readily recognized as a 
conservative policy in one period of the business cycle and what just as 
clearly becomes a speculative policy in the other extreme of the cycle.

“ The first manufacturer of shoes, well along in the period of expansion, 
received more than normal orders from his customers. He knew the 
industry was overexpanded but he lacked any basis for judging how to 
handle his business a t this time. Supplies of leather were apparently 
very small; congested railroad conditions made it imperative to have his 
raw material shipped to him several weeks before it was usually neces
sary; prices of leather were rapidly rising. The men in the industry did 
not question the price a t which leather could be purchased, but seemed 
willing to pay any price for raw material laid down at the factory. Under 
these conditions the manufacturer followed what must have seemed to 
him a conservative policy by purchasing raw material enough to cover 
his orders. Then came the break in leather prices; cancellations poured 
in, and he was unable to liquidate and experienced an enormous loss on 
his inventory of raw material.

“ Another manufacturer, under the same market conditions and at 
the same stage of the business cycle, convinced himself through a study of 
conditions tha t his orders were inflated and that it would be unwise to 
cover with raw material. He cut his orders to 25 per cent of his require
ments. Other executives in his plant and particularly his sales organiza
tion opposed this policy. They prophesied not only that he would have 
to cover a t high prices but that he would probably not be able to secure 
raw material a t all and consequently his relative position in the industry 
would be destroyed. After the break this shoe manufacturer was able 
to purchase raw material to fill his requirements at much reduced prices, 
and he was able to send his sales organization into the field with a line of 
shoes produced at low cost, in competition with his competitors who were 
attempting to liquidate high-priced inventories.

“ I t  was not because one of these managers was conservative that he 
was more successful in coping with the problem of cyclical losses. The 
distinction that should be emphasized is that the manager who knew and 
acted with reference to the fundamental facts of the relationship of his
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particular business to his industry and who had a sound knowledge of 
general business conditions from study of statistical data of trade gener
ally was able, to a large extent, through policies planned in 1919 and 1920, 
to avoid the difficulties of 1921, while the manager who ran his business 
without reference to such factors was gambling in his most important 
decisions.

“ A problem which business men faced in 1920 and 1921 was the 
widespread uncertainty caused by cancellation of orders. From one 
standpoint these cancellations were entirely unjustifiable. Legally the 
orders constituted contracts and should have been carried out. I t  is 
important, however, to consider why widespread cancellations occurred. 
Their extent was undoubtedly due to at least two causes, both intensified 
by the wide fluctuations in that particular cycle.

“ First, in the period of inflation of 1919 and 1920 an unusual and 
perhaps unprecedented delay in securing deliveries was caused by the 
breakdown of transportation facilities near the peak of the boom. Many 
business men not only placed orders earlier than usual but also duplicated 
them, or ordered in larger quantities, with the expectation of having 
deliveries scaled down. When the slump came they had strong temp
tations to cancel.

“ Second, price levels had been on such a high plane when orders were 
placed, and the fall in prices was so violent, that many business men faced 
the alternative of cancellation or bankruptcy. Under these conditions 
it was wiser for the seller to accept cancellation than to deliver material 
to a customer who could not pay.

“ From the illustrations of business experience which we have 
reviewed, it is evident that knowledge of one’s own business should be 
strengthened by knowledge of the conditions in the industry of which it is 
a part, and by information about current and future trends in general 
business conditions. The business man is placed thereby in a strong 
Position to exercise judgment based on facts rather than on guesses, 
speculations, or approximations.

“ First, he must have available for his use current facts about general 
business conditions throughout the country and knowledge of the proba
ble future trend of general business conditions.

“ Second, he must have the basic facts about his industry. Because 
his particular business is influenced by conditions affecting his entire 
mdustry, he must be in a position, with others in his industry, to study 
Jts peculiar industrial problems.

“ Third, he must secure enough facts about his own business to give 
him not merely statistics but a proper basis for judgment as to his general 
Policies.
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“ Fourth, he must inform himself in regard to the general credit 
situation and especially the attitude of his own bank toward extensions of 
loans. ” 1

Importance of Random Movements.—In analyzing market conditions, 
it is of utmost importance that random movements be identified as 
quickly as possible so tha t they will not be mistaken for cyclical varia
tions. As is the case in studying faults in the trend (previously dis
cussed) these random movements may often be discovered through 
investigations and analyses which are not statistical. Random variations 
are particularly characteristic of the changes in market conditions because 
of the effect of styles, fads, and similar influences, which vary widely from 
time to time and are difficult to analyze.

Price Situation.—Among the more important parts of the market 
investigation is a thorough analysis of the price situation. This involves 
collecting adequate current and past data and analyzing them over a 
period of time. Trends, seasonal variations, cycles, and random move
ments, all may be important. Studies often must be made which com
pare the price relation of one industry to another or different parts of the 
same industry to each other.

If prices are high in a certain locality as’ compared with other areas, 
or if they are unusually low, then an attem pt should be made to find out 
the reasons for this condition and whether the condition appears to be 
permanent or temporary. Since prices are determined largely by 
supply and demand, they should also be analyzed in relation to the 
purchasing power of the buyers. This is necessary in order to determine 
the quality of the product that should be pushed in any particular 
market.

In determining whether a price should be lowered or raised, it is often 
well to compare the prices of the product under consideration with those 
of some of the commonly published price indexes. In this way, one often 
has a good indication of the general demand conditions.

Importance of Allowing for Price Changes.—Any statistical com
parison of sales or other data based on dollar valuation is likely to be 
misleading unless the effect of price changes is thoroughly understood. 
The statistician of the Graybar Electric Company, writing in 1929, 
explains this difficulty in terms of his company’s experience: “ The sharp 
general rise in prices brought about by the war, which affected those in 
the electrical supply field, led the Graybar Electric Company to weight 
its sales statistics so as to show physical volume of sales as early as 1918-

1 From  “ Business Cycles and U nem ploym ent” report and  recom m endations of a 
com m ittee of the P resident’s Conference on U nem ploym ent; short report published 
by the U nited S tates D epartm ent of Commerce (pp. 3-9), and full report published 
by M cGraw-Hill Book Company, Inc., New York, 1923 (pp. xiii-xviii).
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1919. The upward swing of prices had become so pronounced by 1919- 
1920 tha t had not this been done in some of the studies made, estimates of 
sales based on dollar valuation would have been 10 0  per cent or so out of 
the way on the basis of physical volume. And the studies would have 
been more confusing than helpful to the sales department and almost 
altogether valueless to other departments.

“ This m atter of price fluctuation is quite generally given considera
tion in connection with sales statistics. But there is a tendency to give 
it consideration only occasionally. If sales show an increase over last 
month in dollar value, many sales managers are satisfied to let well 
enough alone for the time being. And they do not ask the statistical 
department for an adjustment until the end of the year, or the end of 
several years, when there may be a rude awakening. A salesman who 
doubles the volume of his sales in a period of a year or so, as some of the 
Graybar salesmen did in 1916 and 1917, and again in 1919 and 1920, 
naturally likes to think as well of his accomplishment as possible, and 
so does his sales manager. But it does no good to keep him on a pedestal 
of false dollar value only to knock it out from under him a t the end, as is 
inevitable if any great changes in prices occur. Nor is it any more 
lair to him to leave him in a needlessly deep pit if prices are declining. 
Therefore, it is not only important that adjustments of dollar volume 
to physical volume should be made, but that the adjustment should be a 
continual monthly operation.

“ To take a representative commodity by way of example, an average 
carload of iron conduit, which is a staple electrical supply handled by 
the Graybar Company, was worth $1,412 in 1914. The average cost in 
1920 had shot up to $3,135, and the cost at present (1929) for the same 
quantity has dropped to $2,570. Since the requirement of this com
modity per unit of building construction has not changed materially 
m the meantime, the efficiency of the sales department is more properly 
measured by the units of merchandise than by dollar value, and it is 
apparent that the adjustment should be checked at frequent periods. 
Thi s is even more true in the case of the service and warehouse depart
ments whose efficiency is wholly measured by the physical volume 
°f merchandise handled. Their expenses are measured in current dollars, 
but for the same dollar they have to handle 2 2  per cent more conduit 
than they did in 1920. For, in 1920, sales of $100,000 worth of conduit 
represented only 32 carloads, whereas in 1929 that amount of sales 
^presents 39 carloads; and in 1914 it represented 71. And this is but 
°ne example of price fluctuations in commodities in our field.

“ Of equal importance is the manner in which the adjustment is made. 
The Graybar Company has worked out a series of commodity indices 
which it employs for this purpose, based on price changes in 19 represen-
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tative groups of the 60,000 items that it carries. In each group, key 
commodities are selected. And the commodity index for each group is 
based on the average selling price of these commodities during each 
month. This index is applied directly to statistics relating to individual 
groups of commodities; then, for some purposes, a composite commodity 
index is employed which is arrived at by averaging the group indices and 
weighting them in accordance with the importance of each group in terms 
of sales.” 1

Transportation—Time and Cost.—Freight charges in marketing 
often amount to a considerable proportion of the final cost of the product. 
Weakness or strength in a particular market often depends upon small 
differences in transportation costs. When shipping goods long distances, 
it often happens tha t there are several routes to be considered. Water 
transportation is ordinarily less costly than rail transportation. Rail 
transportation for long distances is ordinarily less costly than truck trans
portation, while truck transportation competes strongly for freight that 
is hauled relatively short distances. An adequate compilation of data on 
the subject will ordinarily answer any question of cost quite clearly.

Freight rates, however, do not always constitute the only factor in 
deciding the method of transportation that is to be used. Time is always 
of considerable importance and sometimes it is of very great importance. 
In shipping goods from one coast of the United States to the other, water 
freight rates are low as compared with rail rates but the greater time 
involved often prevents the use of this method. This is especially true 
in shipping perishable products. I t  is obvious that transportation 
requirements vary greatly with different commodities, but the finding of 
the most economical method in the long run is greatly facilitated by the 
careful use of statistics.

Locating Stores.—Analyses of store locations vary widely with the 
different types of stores. Some of the principal problems involved in 
locating a retail drug store and in locating a department store will be 
discussed briefly a t this point.

Most of the merchandise handled by a retail drug store is classed as 
convenience goods; that is, the different products are purchased at a 
convenient location. Consequently, the trade depends upon those who 
find it convenient to make their purchases there. Statistical checks, 
showing the number of persons which pass given points, will help to 
determine the most favorable locations where the trade depends on 
drop-in customers as it does in many downtown locations. If it is to be a 
neighborhood store, the number of people living in the immediate vicinity

1 G a r d i n e r , J. H ., S tatistician, G raybar E lectric Company, abstracted  from 
“ G etting the T rue Sales Story from S tatistics,” Sales Management and Advertisers’ 
Weekly, p. 327, February 9, 1929.
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has an important bearing. In making these surveys, careful judgment 
must be exercised in order that the data may be classified so that they will 
be most significant. I t  is important to know how many persons pass a 
location during the different hours of the day. Such a classification 
indicates to a considerable extent whether they are laborers going to 
work, or business people who go to work a little later, or shoppers who 
do most of their buying still later in the morning. In the afternoon, the 
first heavy movement of traffic is ordinarily shopping traffic, which is 
followed by business people and workmen going home, and this in turn 
is followed still later by the going and coming of the theater crowds. 
Automobile traffic on heavily congested streets is ordinarily of but little 
importance as drop-in trade. In fact, the net effect of heavy through- 
traffic maybe negative, since it discourages people from crossing the street 
and serves as a barrier against the market on the opposite side of the 
street. Other factors, such as purchasing power, are just as important 
m this connection as they are in connection with the problems previously 
discussed.

The procedure in analyzing the location for a department store is 
quite different from that just mentioned. The number of people passing 
a given location may be small and might indicate a poor location for a 
drug store, but this fact would not indicate whether or not the location 
Would be a good one for a department store. In selecting a site for a 
department store, the problem is much more extensive and depends upon 
such factors as the present and potential accessibility in relation to the 
location of present and future purchasing power. I t  also depends upon 
Jts nearness to similar stores in the shopping district. Such factors as 
width of street, parking facilities, street car service, and the like are also 
°f great importance.

Specific Selection of Prospects.—After making a general analysis 
°f demand, the next step is to make a specific selection of the prospects 
to be followed up. This procedure will be explained by referring to the 
experience of the Standard Conveyor Company, which, by reducing its 
Prospects’ list 67 per cent increased its sales 15 per cent. In referring 
to this the president stated: “ Had anyone asked us a year or so ago 
how well we knew our market, it is quite possible that we would have 
Pointed to our old prospect list of 12 0 ,0 0 0  and said that was the whole of 

I t  was—and then some.
“ To-day, with our list of 39,000, we name as prospects only those 

c°mpanies which are specifically interested in what we, or our competitors, 
^ake, and which can use our products in their factories.

“ That is my idea of knowing your market. When you know that— 
When you know where your goods can be sold—the actual selling of them 

a clearly defined problem.
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“ Every business has its individual peculiarities. If it is to be success
ful, it must have a definite place, and while its activities might enlarge, 
it cannot get outside that place. Our own business consists of the manu
facture and sale of various conveyors, which are of no value to some 
industries, but invaluable to others. The foremost element in deciding 
this is labor. A 1 2 -man shop in a back room, naturally, would have no 
use for an elaborate conveyor installation which would keep production 
moving steadily.

“ Yet there was a time when we were expending sales effort on pros
pects which were not prospects at all, because they had not, and never 
would have, a use for our conveyors.

“ Our sales promotion manager worked nearly a year to devise a new 
method of checking our future sales. Taking our old prospect list, he 
checked it up with Dun and Bradstreet and learned that a certain rating 
would average a certain number of employed workers. This seldom 
deviated. As our product is either useful or of little use, dependent on 
the number of men employed, right there we had the means of making 
a list which would consist only of plants tha t would have a definite need 
for our products. Not every business can use that measuring stick 
but almost every one can find some similar way of picking a real prospect.

“ When we had pared down our list, we checked the total number with 
the investigations of others and found it a reasonable one—it approxi
mately agreed, for instance, with the industrial coverage of certain 
publications.

“ This was narrowing our selling effort to a point where it could be 
felt. I t was a m atter of clearing the decks for action. Our action was 
to compile an industrial census, telling us the whole story about each 
one of these 39,000 companies. When the census was completed, 
we had in graphic detail the fact that there are about 30 major indus
tries which we can serve. We had them divided as to industry and 
territory; if we wanted to know how many automobile manufacturers, 
for instance, were in a given territory, our industrial census gave us the
exact information.

“ With this information at hand, when it came to selling, instead of 
sowing our seeds broadcast, we were dropping them in well-defined rows 
what any regulated business should do.

“ Our own selling is done through territorial branch offices, and, 
through our industrial census, we have set quotas for each salesman. 
The element of the salesman entered into the setting of these quotas to 
some extent. His work for the year before was considered. But the 
main thing was—what should he be able to do?

“ Some companies hold their contact with the market entirely through 
their commercial travelers. Salesmen are given geographic territories.
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Armed with a prospect list and such inquiries as have happened into the 
office, they are sent out on the road. Spurred on by the burning enthu
siasm of a go-getter sales manager, they are given such indefinite instruc
tions as to work their territories thoroughly and do their best to increase 
sales. It is a m atter of ‘hurrah’ selling entirely: ‘Smith sold so much 
last month,’ they are told, ‘now you go out and sell this much more.’ 
The men try  it—and sometimes succeed, for enthusiasm is indeed a 
wonderful thing.

“ Yet this is not constructive salesmanship. It is like blindly shooting 
at a covey of quail with a shotgun: because they fly close and your gun 
scatters wide, you may bring down a bird or two.

“ In this kind of organization an office conference is usually held to 
determine production. The sales manager brings forth his records. 
‘Business conditions in the Midwest are good,’ he reports, ‘and the 
salesmen are cleaning up. With any luck at all, their sales should be 
such-and-such. In the West, the men are averaging so-and-so.’ And 
down through the list of territories he goes, adding up such-and-such, 
and so-and-so, and this-and-that, until he has figured what production 
should be—based on what salesmen have been selling.

“ What a slip-shod way of doing business! What an unkind way— 
unkind to every man in the organization. A production figure is set, 
but it is not a true production figure. The men in the factory are working 
on the achievements of the men on the road a year ago. Their jobs, 
their whole lives, depend on it. The men on the road are content to 
average last year’s mark, or perhaps, carried away by the sales manager’s 
gusts of enthusiasm, to do a little better.

“ How much better it would be to call the salesman aside, and 
give him a quota of sales. ‘You can sell this much,’ you would 
tell him, ‘because in your territory there are so many industries which 
are particularly adapted to the use of our products. Here are their 
names.’

“ One of our salesmen came in not long ago, complaining about the 
quota we had set for him. ‘ I t ’s too high,’ he said. ‘ You’ve got me down 
to sell 7,000 feet of gravity conveyor this year, while last year I only sold 
half that much and was supposed to have had a' good year.’

“ I called in our sales manager and together the three of us went 
°ver this man’s territory, with our industrial census before us. ‘Look 
here,’ I said, pointing to the census, ‘in your territory there are 46 lumber 
concerns. Now last year you didn’t  sell a single lumber company, 
though every one of them is a potential user of our conveyors. Here are 
automobile manufacturers—how many feet of conveyor did you sell 
automobile companies last year?’

“ In that manner we went down through the list.
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“ ‘I ’m glad I complained, so that I could get set right,’ he admitted. 
‘I t ’s a m atter of directing energies. I was sort of in the dark, and this 
thing brightens up the way. I believe I can sell more than my quota.’ 
I thought he could, too—and he did . ” 1

Questions and Problems

1. W hy are m arketing analyses im portan t to  m anufacturers and  traders?
2. Before attem pting  to  build up a new m arket, w hat da ta  on the product and 

on the consumers should be collected?
3. Are prim ary or secondary da ta  m ost often used in m arket analyses?
4. W hat type  of study  of the m arket should first be m ade? How extensive 

should i t  be?
5. How accurately can th e  dem and for, and supply of, a product be measured?
6. How can indexes or indicators of dem and and  supply be obtained for specific 

products? Illustrate.
7. How are population and purchasing-power da ta  used in determ ining the 

extent and distribution of demand?
8. How can data  on comm odity stocks be obtained?
9. Discuss the problem of determ ining m arket areas and sales territories.

10. W hat factors m ust be considered in laying ou t retail trade  areas?
11. Explain how th e  “ M arket D ata  H andbook of the U nited S ta te s” can be 

used in m aking m arket analyses.
12. How would you determine w hat the public w ants in a particular product? 

Are questionnaires reliable for obtaining the consumer’s reasons for purchase? Dis
cuss th e  difficulties involved in collecting such data.

13. In  fitting a  product to  the m arket, w hat kinds of investigations should be 
made?

14. W hat does a concern need to  know before proceeding w ith an advertising 
cam paign? How can the inform ation be secured?

15. W hat types of da ta  and analyses are particularly  im portant to  the sales 
m anagem ent officials in: (a) national distributing organizations, and (b) departm ent 
stores?

16. W hat is th e  nature  of a  sales forecast, and how should data  be obtained for it?
17. How does stock holdover by  dealers affect the m anufacturer’s volume of 

sales, and how can the la tte r estim ate his sales from dealers’ estim ates?
18. How are salesmen’s estim ates used in the preparation of sales forecasts?
19. W hat da ta  does the Perfection Stove Company use in making sales forecasts, 

and how does i t  get the inform ation?
20. W hy is i t  im portant th a t basic trends be determ ined as accurately as possible 

in m arket analyses?
21. How are seasonal variation studies used in improving one’s position in the 

m arket?
22. W hy is careful analysis of the business cycle so im portan t in the field of 

m arketing?
23. How m ay the business cycle affect departm ent store purchases and sales?

1 D o n a h o w e r , H. L., President, S tandard  Conveyor Company, abstracted  from 
“ We Threw 67%  of Our Prospects Overboard—and Our Sales Increased 15% ,” 
System, p. 577, November 1926.
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24. Is a conservative policy of purchasing adequate when a boom period reaches 
a high point? How can inflation in size of orders be ascertained? W hy are order 
contracts sometimes no t enforced in a  period of depression?

25. W hat four fields of business facts m ust be studied to judge the position of a 
business in  regard to business cycles?

26. Discuss the im portance of discovering random  m ovem ents in m arket analyses.
27. W hat types of price analyses should be m ade in connection w ith investigations 

of the m arket?
28. Discuss the effect of price changes in term s of the experience of the G raybar 

Electric Company.
29. W hy is i t  im portan t to  m ake studies of tim e and cost of transportation?
30. In locating retail stores, w hat da ta  should be collected? Discuss the differ

ences in analyzing drug store and  departm ent store locations.
31. How did th e  S tandard  Conveyor Com pany obtain an efficient list of prospec

tive customers? How does i t  d irect its salesmen?
32. Using the  “ M arket D ata  H andbook,” m ake a report on the m arket for house

hold electrical equipm ent in the U nited States or in a certain area.1
33. Using th e  “ M arket D ata  H andbook,” analyze the m arket in a  certain area 

or in the U nited States as a whole for certain products in which you are in terested .1
34. Select a  certain stree t com er in your city, and analyze it  as a location for a 

retail drug store.1
35. Select a certain street corner in your city, and analyze it as a location for a 

departm ent store.1

1 See Appendix IV, pp. 671 to 712, for suggestions for organizing and outlining a 
report.



CHAPTER X X II

REAL ESTATE ANALYSIS

Practically every one is interested in the problem of analyzing real 
estate. This interest may be from the point of view of determining 
general values or from the point of view of determining what is best for 
one’s own particular purposes. The problems of land are basic to most 
economic activities. Its value varies in accordance with the importance 
of its use, and while it may be of considerable value for use in agriculture 
or mineral production, it ordinarily has its greatest value when used as 
building sites.

Use of Statistics in Real Estate.—In order that one may determine 
as definitely as possible whether, for instance, one piece of real estate is 
more valuable or more desirable than another, all costs considered, it is 
necessary to have as many definite measurements of conditions as can 
reasonably be obtained. There are so many factors involved in determin
ing the value of a piece of real estate tha t it is always impossible to do so 
with 10 0  per cent accuracy, but often the collection of only a few of the 
outstanding statistical facts will enable one to make a much better 
decision than could be made without them. More specific uses of statis
tics in real estate will be suggested from time to time throughout the 
chapter.

Defining the Problem and Planning the Investigation.—All tha t has 
been said regarding the definition of the problem in connection with 
previous discussions applies with equal force to a problem of real estate 
analysis. Before undertaking a survey, the specific question to be con
sidered should be carefully outlined so that plans can be made to include 
the collection of as much as possible of the important information. 
Since there are so many factors involved, it often happens th a t a pre
liminary analysis is of great value either in showing tha t it is not advisable 
or necessary to investigate further, or in showing that additional informa
tion should be included, which was not considered in the original plan. 
A preliminary survey ordinarily can be made in such a way th a t it will 
not be necessary to duplicate the effort when a more detailed survey is 
made later.

Supply and Demand.—In analyzing real estate situations, business 
men often find simple statements of the relation of supply and demand
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very valuable when such are possible. Examples of reports of this type 
are the dwelling and office building vacancy surveys made in a number 
of cities.

Statements of real estate vacancy situations are ordinarily most 
valuable when accompanied by practical interpretations of their signifi
cance. In other words, what does a vacancy of 5, 10, 15, or 20 per cent 
mean? In Los Angeles, for instance, studies of the relation of supply to 
demand in office buildings showed a vacancy of 20.3 per cent on December
31, 1926, and indicated a vacancy of 25 per cent early in 1927. The 
question naturally arose as to whether or not a vacancy as high as 25 
per cent was actually serious in a city with a rate of growth as rapid as 
that of Los Angeles. The significance of such a vacancy factor was made 
somewhat clearer by making estimates of how long the supply would 
probably last if no additional buildings were added except those already 
under construction. These estimates indicated in 1926 that even if no 
more new office space was placed upon the market, except that which 
was then under construction, there would be practically no shortage by 
1930 and there might be a substantial vacancy at that time. In this 
way, the situation was stated in a practical manner so that its significance 
was easily appreciated. (The methods of making these estimates were 
explained in detail in Chapter XVII, pages 368 to 372.)

When making analyses such as the foregoing, however, it should be 
fully realized that the relation between supply and demand may not 
always control the situation. At the time the above Los Angeles survey 
was made, it was obvious that a number of new buildings would be con
structed in the face of such an unfavorable situation because of long-time 
lease agreements made during the 1923 to 1924 boom, which called for 
the erection of height limit office buildings during the following few years.

Forecasting Demand.—Representative problems of estimating future 
demand will be considered by using various subdivision situations as 
illustrations. The methods are of general interest and will indicate how 
other problems can be analyzed.

During the years from 1921 to 1929 there was widespread city land 
speculation throughout the country. In many cities the population 
increases had been large, but they did not justify all the gains in land 
Prices. Population growth is a very important factor in determining 
real values of land, but it only partly controls the changes in prices. A 
study of this relation was made in connection with a group of Wisconsin 
cities (where conditions were relatively stable), which showed that in 
cities with less than 15 per cent increases in population from 1902 to
1922 the increases in land prices (after correcting for changes in the pur
chasing power of the dollar) were roughly from 60 to 70 per cent. This 
indicates that even in stable communities, the increases in land prices
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may be due to factors other than population growth and changes in the 
value of the dollar.

Although great profits have been made in certain instances, the sub
division of city lots ordinarily involves large risks and danger of unusual 
loss. And, no m atter how great the risk, it is usually accompanied by 
hopes of great gain on the part of a large number of persons who are not 
able to distinguish between sound and unsound values, and who believe 
that they are making safe investments. These errors in judgment are 
usually caused by inaccurate and inadequate information regarding the 
normal possibilities of future demand. “ There is always an element of 
uncertainty in such expansion due to the fallibility of human judgment 
and the lack of information in regard to the community’s development. 
But this element of uncertainty can be and is being reduced by more 
careful analysis of the growth and movement of population, and of the 
trend of values, which reveals the condition of the market for home, 
factory, or business sites. In so far as real estate dealers and owners seek 
and take advantage of more complete information of this character, their 
forecasts of the needs of the community will become more accurate, and 
urban developments based on these forecasts will become investments 
rather than bad speculation .” 1

Forecasts of future demand which are based upon population forecasts 
are of considerable value in making future plans for projects which are 
related to real estate values. Methods of estimating future population 
have been explained previously. The using of these estimates in analyz
ing and forecasting real estate conditions will now be discussed.

The making of demand estimates on the basis of population forecasts 
can be illustrated by referring to a survey of the Los Angeles subdivision 
situation which was made in 1924.2 Population forecasts were made 
indicating that Los Angeles City3 would have a population of 1,250,000 in 
1930, and 1,500,000 (minimum) or 2,000,000 (maximum) in 1940. 
From two independent bases, the relation of population to occupied lots 
was determined. (In this study, a lot was considered as occupied if it 
had a building on it, and it was necessary to make a correction for vacan
cies in buildings when estimating future demand on the basis of popula
tion.) Dividing the above estimates of future population by the number 
of persons per occupied lot (corrected), the estimated number of lots 
needed to 1930 was 54,855, and the minimum and maximum estimates 
of the number needed to 1940 was 107,367 and 212,390, respectively.

1 E l y , R ic h a r d  T ., and E d w a r d  W. M o r e h o u s e , “ Elem ents of Land Economics,” 
p. 94, The M acmillan Company, New York, 1924.

2 Eberle & Riggleman Economic Service, Vol. II , No. 11, March 16, 1925.
3 Excluding outlying districts.
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The survey showed that in Los Angeles 197,208 lots were occupied while 
156,557 were vacant. From these figures it was easy to estimate the 
relation of the supply already in existence to the probable future demand. 
In other words, the figures indicated that six years later (in 1930) 101,702 
of the then vacant lots would still be vacant if no more lots were sub
divided, since there was a probable demand for only 54,855 out of the 
total vacant of 156,557. Carrying the estimate forward to 1940, the 
figures indicated that if no more lots were subdivided, 49,190 lots would 
still be vacant on the basis of the minimum population estimate and 
there would be a shortage of 55,833 on the basis of the maximum. While 
such figures indicated a very unfavorable investment situation on the 
whole, it was obvious that still greater allowances would have to be made 
because it was certain tha t many more new subdivisions would be laid 
out. This point is important because there is a strong tendency to lay 
out new subdivisions and sell them through well-organized aggressive 
sales methods, while owners of individual lots are unable to apply such 
aggressive sales efforts, and, consequently, their lots remain unsold and 
undeveloped.

I t is difficult to say just what proportion of lots should remain vacant 
for the best interests of a community under the present economic system. 
The ideal of 100 per cent occupancy is, of course, not possible. Further
more, the proportion vacant would normally be larger in a rapidly growing 
community where there is greater chance of gain due to the increase in 
land values. I t  does not seem necessary from an economic point of view, 
however, that a community should carry an overhead burden in vacant 
lots of 44.25 per cent, as was the case in Los Angeles City (excluding 
outlying portions) in 1924. In the outlying districts, 62.12 per cent of 
the lots were vacant and it was probable (on the basis of the minimum 
and maximum demand estimates) that between 40 and 20 per cent would 
be vacant 16 years later, in 1940, even if no more lots were subdivided. 
Students of business economics readily appreciate tha t such a tremendous 
unnecessary overhead burden in the form of frozen investments in unpro
ductive property has an unfavorable effect upon the business of the 
community.

Reasons for Expansion.—In making a statistical analysis of real 
estate, it should be realized that the subdivision of lots is economically 
legitimate only when they are needed as sites for additional homes, busi
nesses, industries, or public purposes. This, of course, includes the 
margin of vacant lots necessary to provide for the laying out of large 
tracts, etc. An excessive proportion of vacant lots is an economic drain 
on a community and has no advantages. If capital is invested in pro
ductive industries instead of in unproductive lots, the result is to attract 
more persons to the territory because of the added demand which is
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created for labor, capital, and management, which, in turn, creates a 
demand for more site land.

Ripening Costs in Land Utilization.—Land, which is taken out of 
agricultural use, subdivided into lots, and held until it is needed for a 
home, factory, business, or public site, is said to be ripening into use. 1 

That is, a certain portion of land must be held vacant during the transi
tion from a lower form of use to a higher form of use. To convert farm 
land into occupied city lots takes time and waiting. This is necessary, 
providing the subdivision itself is necessary.

The reason why many investments in lots are so poor is that the costs 
of waiting are underestimated. A long period may be necessary for the 
lots to ripen into use, while the investor too often expects to get his princi
pal back, with interest and profit, in a short time. The average person 
who invests in lots does not keep careful accounts and does not make 
careful estimates of the costs of carrying vacant land. Hence, there is a 
tendency to underestimate the costs of taxes and special assessments 
and to neglect to make due allowance for a fair rate of compound interest.

It is not generally realized that the costs of carrying vacant land 
through a ripening period are so great that a sound financial position as 
well as foresight based on careful forecasting is necessary if the investment 
is to be profitable over a period of time. Enormous profits are made on 
land at certain times in certain localities, and these instances are given 
wide publicity and emphasis in the “ high-pressure” selling methods of 
real estate salesmen. Underestimates of the costs and overestimates of 
the increases in land values on the part of the average person place him 
in an attitude of mind where he is likely to make many unprofitable 
investments.

Costs of Carrying Vacant Lots.—In the Los Angeles vacant lot survey 
previously mentioned, the cost to the community of carrying the vacant 
lots was estimated. Based upon the assessed valuation (corrected for 
differences between assessed values and real values), the value of the 
vacant lots in Los Angeles County was then $1,100,000,000. Since the 
cost of carrying unproductive city lots averages not less than 10  per cent 
per annum, the cost of carrying the lots vacant in Los Angeles County 
in 1924 was at least $10 0 ,0 0 0 ,00 0  annually. If any increase occurred in 
land values during the year, the above cost would, of course, be reduced 
by the amount of this increase. The significance of the vacant lot 
situation may be better realized by making a comparison with other 
industries, which shows that the total value of vacant lots in Los Angeles 
County in 1924 was approximately four times as great as the amount of

1 See R i c h a r d  T. E l y , and E d w a r d  W. M o r e h o u s e , “ Elem ents of Land Eco
nom ies,” pp. 95-97, The M acmillan Company, New York, 1924.
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capital invested in manufacturing industries of tha t county a t the time 
of the 1919 census of manufactures.

Lots as Investments.—Although, in certain instances, fortunes have 
been made because of increases in land values, investment in city land, 
especially if it is vacant, requires careful and skillful analysis and selection 
if the net gain is to be greater than the compounded interest on a savings 
account. A careful investigation covering vacant tracts in New York 
City for a 42-year period showed that the holding of vacant land is not 
a profitable form of investment, except for short periods of time in 
exceptionally favorable locations. Similar conclusions have been reached 
in other studies of land values. The publicity given to the small propor
tion of extremely profitable land investments and the general lack of 
adequate knowledge regarding carrying costs influence the small investor 
or speculator, who is not able to discriminate between good and bad 
locations, to pay prices for vacant lots which discount increases in value 
for many years to come, and actually leave him a practical certainty of 
heavy loss when all costs are counted. While the average person believes 
that it is a simple problem to make good investments in city land, this 
is probably one of the most technical and involved types of investment.

One very important factor, which must be recognized in investing in 
lots, is the aggressiveness of other lot holders in the community. That 
is, for instance, a subdivider, who has the necessary financial resources, 
may lay out lots in a poor location. These lots may be occupied before 
other lots in a better location, because of the deliberate and well-planned 
advertising and selling methods which actually serve to create a preference 
for the less desirable property. The less desirable property then becomes 
the more desirable property.

The rapidity with which costs accumulate should also be realized. 
Carrying costs on vacant lots are seldom less than 10  per cent annually. 
On a 10 per cent basis, since an amount doubles in approximately 8 years 
at this rate when compounded annually, a lot owner who purchased a 
lot at $2,000 would have to receive $4,000 at the end of 8 years, or $8,000 
at the end of 16 years, in order to receive back his original investment, 
carrying costs, and a fair rate of interest.

Speculation in Site Land.—Much of the buying of land is speculation 
of the most pronounced kind. In  many of these instances, of course, the 
buyer feels that he is making a conservative investment. Many trades 
take place at prices which cannot be justified on the basis of accurate 
data. For instance, in a certain community, it may be possible to build 
and fill one apartment house. If this is done, however, the tendency is for 
all of the other owners of similar lots to feel that their lots are worth 
large amounts as sites for similar buildings, even though there is little 
probability of filling them.
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The pressure of speculative building is an important factor in con
nection with site land prices. If one buys an apartment-house lot at a 
price which is justified only as an apartment-house site, he cannot hope 
to receive a fair return upon his investment unless he places an apartment 
house upon it. If he does place an apartment house upon the lot, it may 
be impossible to fill it. A survey of the situation in Los Angeles in 1926, 
for instance, showed that within a two-mile radius of Westlake I ark 
there were enough apartment-house lots to care for over eight times the 
apartment-dwelling population of the city.

One of the principal reasons for the inflated prices of many residential 
neighborhood lots is found in the magic effect of the words “ income 
property” or “ business property,” regardless of whether or not there is 
any reasonable possibility of using the property for purposes which will 
yield an income. Referring again to the above-mentioned survey of 
Los Angeles, it was shown (1926) that there were enough apartment-house 
lots within a six-mile radius of the intersection at Pico and Hoover Streets 
to accommodate almost three times the total population of the city, ii 
one placed an average of only five families on each lot.

The same kind of maladjustment often occurs in neighborhood busi
ness property. In  Hollywood, for instance, only 7.0 per cent of the occu
pied land was actually used for business sites (1926) while 16.3 per cent 
was zoned for business and held at business site prices. In some 
areas, the proportion of apartment-house dwellers will increase to the 
extent that all of the business property will be used, but in others the 
restrictions are such that the population in the area can never increase 
to the extent that all of the business property can be used for business 
purposes.

The efforts of the better class of realtors, city planning commissions, 
and others who are attempting to prevent the zoning of land for purposes 
for which it cannot be used for a great number of years, if a t all, should 
receive the strong support of all who are interested in sound land values. 
If a community’s development is to be the most rapid and sound, the 
speculators who are holding land for practically impossible purposes 
should be replaced by those who will actually use the property as home 
sites or for other economic purposes.

Trends, Seasonal Variations, Cycles, and Random Movements.—The 
importance of considering trends, seasonal variations, cycles, and random 
movements has been emphasized from time to time in connection with 
previous discussions. In most analyses, it is not necessary actually to 
compute these changes, but it is necessary in nearly all cases tha t the 
movements be appreciated at least in a general way. Often, if the data 
are presented graphically, these different types of variations can be 
observed to a degree that is accurate enough for practical purposes.
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Since wrong assumptions regarding the trends and cycles have been 
responsible for so many mistakes in analyzing real estate, these move
ments will now be considered in some detail.

Long-time Trends in Real Estate.—There are many conspicuous 
examples of steep upward trends in real estate values. I t  is extremely 
important, in analyzing real estate values, tha t one discover any changes 
in the trend as soon as they occur, if possible, and that one does not confuse 
the upward swing of the business cycle with the long-time trend. I t is 
generally known that there have been large and rapid increases in the 
values of lots in the large American cities during the last decade, but it is 
not generally known that some of the values were less a t the time of the 
1929 boom than they were 20  years earlier. Los Angeles, for instance, 
enjoyed a very rapid rate of growth from 1910 to 1930, but this 
should not have been taken to mean that all values increased as rapidly 
as those which were commonly given publicity. In an investigation of 
down-town business lot values in this city, made in 1926/ data on the 
assessed valuations of a representative number of corner lots were 
gathered and the average increases over a 2 0-year period were computed 
for each of eight different sections. The increases varied from practically 
nothing in one of the sections (which is the oldest part of the Los Angeles 
down-town business section) to an increase of nearly 700 per cent in one 
of the newer down-town sections, where the lots were worth practically 
800 per cent of their 1907 value. A large part of the increase in this last 
section was undoubtedly cyclical, though many purchasers proceeded 
on the assumption that it was principally basic trend. The opportunities 
to gain through long-time increases in city land values may be good in 
many locations, but the investor should take care that he does not 
purchase a lot in a location which has reached its peak and which is 
not only experiencing a cyclical decline, but which has also had an 
unfavorable change in the long-time trend.

When considering trends in vacant land values, it is important to 
determine whether or not there is any net gain over a period of time— 
that is, whether or not the increases due to long-time trend more than 
offset the carrying costs. The fabulous increases in certain down-town 
New York land values are commonly referred to by real estate salesmen 
when selling property in large cities. However, there is another side to 
the question which is not so commonly discussed. A careful investiga
tion has been made covering the history of vacant tracts in the city of 
New York for the years 1880 to 1921 together with the history of the 
number of tracts that were subdivided and sold as lots. This report 
gives the following conclusions: “ (1) A large part, and in some cases,

1 Eberle & Riggleman Economic Service, Vol. I l l ,  No. 47, November 22, 1926.
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all of the increase in the value of vacant land is offset by actual payments 
to the city in the form of taxes and special assessments with interest 
thereon. (2) These charges have increased rapidly within recent years, 
and at the same time the rate of increase in land values has fallen. (3 ) 
The holding of vacant land is not a profitable form of investment, except 
for short periods of time in exceptionally favorable locations. (4 ) 
Purchasers of outlying vacant lots at public auction almost invariably 
pay prices which discount future increases in value many years to come, 
and leave to the purchaser a practical certainty of heavy loss. ” 1

The increases in the prices of lots during the period from 1913 to 1920 
were emphasized by the rising general price level. This must be carefully 
observed in analyzing trends of real estate prices, as well as trends of 
other prices.

The foregoing discussion does not mean that investment in city land 
is not profitable, but it does mean that a careful analysis should be made 
of long-time trends before investing. And it means that the up-swing 
of a business cycle must not be confused with the trend. Many very 
profitable investments have been made in city land and there is no reason 
to believe that they cannot continue to be made if the locations are 
carefully and skillfully analyzed.

Real Estate Cycles.—Almost every major cycle of prosperity in this 
country is accompanied by a high degree of real estate activity. This 
often takes the form of a boom in certain localities. In fact, some of our 
greatest booms have been those that were based on real estate specula
tion. The “ crowd,” including some of the most highly successful 
citizens of the area concerned, is carried away by the enthusiasm which 
accompanies the vast increases of wealth that are thrust upon the lucky 
ones. Those who actually understand the economics of the situation 
are in the minority.

An outstanding characteristic of both real estate and building cycles 
is that they are several times as great in amplitude and length as the usual 
general business cycle (see Exhibit 207, which shows real estate cycles 
since 1800 and building cycles since 1830). Real estate and building cycles 
tend to be from 15 to 20 years in length, while the general business cycle 
tends to be only a few years in length. Recognition of the difference 
between the tendencies of real estate and building cycles on the one hand 
and those of the general business cycle on the other is imperative in any 
analysis of real estate conditions. An outstanding aid in analyzing cur
rent cyclical conditions in real estate is The Real Estate Analyst, a national 
economic service devoted entirely to problems of real estate, which was

1 A r n e r , G. B. L., “ Land Values in New York C ity ,” Quarterly Journal of Eco
nomics, Vol. X X X V I, pp. 545-580, August 1922.
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described briefly in Chapter XVII on Business Forecasting, page 
391.

There have been many real estate booms in the United States during 
the past 100 years. From 1834 to 1837 the valuation of the property 
in Mobile, Alabama, increased from $4,000,000 to $27,000,000. After 
the panic of 1837 the values decreased more rapidly than they had risen. 
During this same period (a few years before 1837) people were coming 
into the State of Illinois so rapidly that it was believed that cities would 
spread all over the prairie and that there would be no farming land left. 
City lots were laid out on what are to-day the most isolated farms. 
Lands were sold for more than their present value and for more than 
fifty times their value at that date . 1 In 1919, farms were selling in Iowa 
at $300 to $400 per acre. In 1930, these same farms were being sold at 
from $100 to $150 per acre.

One of the most spectacular real estate booms of recent years was 
the Florida boom of 1925. In Miami, where the boom centered, business 
lots were sold at prices which were greater than the prices for the best 
lots in cities from ten to fifteen times as large. I t  was estimated that one 
subdivision alone near Miami would require approximately one billion 
dollars of annual income to support the residential land values, whereas 
the entire annual income of the United States at that time was only 
approximately seventy-three billion dollars. The Florida boom also 
reached a very high stage in many of the smaller towns and villages. 
For instance, in Lake Wales, an interior town of 2,747 persons (1925 state 
census), a business lot about two blocks from the center of its business 
district was sold for $800 per front foot and another lot was sold for $1,0 0 0  

per front foot. In towns of this size, a business enterprise can seldom 
produce enough in a specific location to warrant paying more than a few 
thousand dollars for the entire lot. From the overoptimistic situation 
which accompanied the boom, Florida passed abruptly into a severe 
period of depression. With her undeveloped land, mineral, climate, and 
beach resources, Florida undoubtedly has a steep upward tendency in her 
long-time growth, and the depressed conditions are as unrepresentative 
as were the conditions of the preceding boom.

Random Movements in Real Estate.—In analyzing real estate cycles, 
it is not only necessary to make the usual distinction between minor 
cycles, which recur every few years, and major cycles, which occur only 
once or twice during a business generation and sometimes they do not 
occur this often, but it is also necessary to identify the random move
ments. The type of boom which a community may experience due

'S e e  I v a n  W e i g h t , “ Farm  M ortgage Finance,” p .  5, M cGraw-Hill Book Com
p a n y ,  I n c . ,  New York, 1923.
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to the building of a railroad or the opening up of new lands in some 
instances may never be repeated, and consequently it is important to 
recognize that such a boom is not cyclical. More extreme examples 
of random movements are the booms which accompany the development 
and exhaustion of natural resources, such as the oil booms in Oklahoma, 
Texas, and California, or the mining booms which caused such cities as 
Rhyolite, Nevada, to flourish and decline. (Rhyolite, once a city of 
several thousand persons, now has no human inhabitants.)

The determination of whether or not a boom is cyclical depends upon 
whether or not the natural conditions and other factors are such that the 
condition can be repeated. Florida, for instance, still has the same 
climate, the same advantageous location, and the same other economic 
factors which constituted the principal bases for the development result
ing in the boom of 1925, and, therefore, it is practically certain that other 
cycles will follow, though it may be some time before another boom 
occurs which will be as extreme as the last one. Rhyolite, on the other 
hand, no longer has the mineral resources, as far as is known, and has no 
other bases for development. Its boom was distinctly a random one, 
and consequently cannot be expected to recur. In the development of 
most communities, however, cyclical and random movements occur 
together, and while it is not possible to isolate the two movements com
pletely, they should be determined as accurately as possible.

Control of Real Estate Cycles.—In analyzing an economic situation 
in real estate activity, it is important to note the degree of control that is 
exercised by those who appreciate the real situation. In a boom, there 
are many who have had wealth thrust upon them, but who believe that 
their success is due to their ability, and these men do not hesitate to give 
advice and make recommendations which are thoroughly unsound, but 
which are readily believed by the unwary public. While those who 
appreciated the situation in the Florida boom published much sound 
economic information for the guidance of buyers, they had but little 
actual control over the unsound publicity and exaggerations that were so 
widely broadcast. In  this boom, one of Florida’s newly made mil
lionaires, posing as an authority on the economic questions of the area, 
described the port at Miami as the “ future great Pan-American port of 
the Atlantic,” which will “ grow into something far greater than New 
Orleans, Galveston, or Savannah,” and many persons believed that this 
development would take place within a few years. (In 1926, the New 
Orleans foreign tonnage was approximately 75 times that of Miami.)

An example of a city which grew rapidly after the World War, 
but in a remarkably steady manner, is San Diego. There was no boom 
to correspond with the Los Angeles boom of 1923 or the Florida boom of 
1925. The growth of San Diego was accompanied by a much more
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conservative attitude than that which characterizes a speculative 
boom. When activity reached a high point in the cycle in 1926, certain 
interests made exaggerated claims regarding the fortunes that could 
be made in San Diego real estate, but there was a very strong sentiment 
against such practices, which was effective in preventing inflation of the 
type that was characteristic of the Los Angeles and Florida booms. It 
is said tha t much of the acreage tha t was annexed to the city was added 
for the purpose of preventing improper street work, building, etc. An 
idea of the difference between the 1926 prosperity in San Diego and the
1923 boom in Los Angeles is given by the per capita building statistics 
which were $150 per capita in San Diego and $250 per capita in Los 
Angeles. By 1928, both cities had declined to approximately $100 per 
capita.

Land and Building Vacancy Statistics.—The importance of knowing 
the relation between the supply of and the demand for various types of 
land and building space in connection with analyzing retail and other 
markets for commodities, investment conditions, and general business 
conditions, as well as the real estate situation, has been indicated 
previously. To determine such relations, it is ordinarily necessary to 
make a field survey. Often the problem of expense makes it impossible 
to make a complete enumeration, and the method of sampling must be 
used. When determining the vacancy situation in apartment houses and 
office buildings, it is necessary to cover practically all, or at least a large 
proportion, of the individual buildings, if the figures are to be representa
tive. A substantial field sample, however, of single dwellings, neighbor
hood stores, and other small buildings which are present in large numbers, 
will indicate the vacancy situation in these structures accurately enough 
for many purposes. In some instances, other data can be used as an 
index of vacancies. For example, the percentage of idle gas meters has 
been used in certain Ohio cities, and, in London, England, the records of 
the percentages of idle water meters furnish an index of vacancies since 
1871.1

Most of the vacancy (or occupancy) surveys that have been made in 
the various communities were directed by local real estate boards,.but 
such surveys have also been made by post offices, police departments, 
housing associations, universities, banks, public utility companies, and 
other organizations. Very often, however, the best results can be 
obtained by a joint committee representing the different interests in the 
community. Some of the more important points involved in making 
vacancy surveys of buildings will now be considered. This description of

1 For the London index of idle w ater meters, see George F. W arren and F rank  A. 
Pearson, “ W orld Prices and the Building Industry ,” pp. 127-129, John Wiley & Sons, 
Inc., New York, 1937.
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the methods and technique of making building vacancy surveys indicates 
the procedure that may be followed in a cooperative project directed by 
a joint committee, and as such will serve as an example in making many 
other types of surveys which could not be undertaken by an individual 
concern or organization. The need for various types of primary data 
that may be gathered in this manner quite commonly arises when an 
economic survey of a community for development, marketing, or other 
purposes is undertaken along the lines suggested in the outline for a 
city commercial and industrial survey presented in Appendix IV, pages 
671-712, inclusive. Under the cooperative plan the first step to be taken 
by the various interested parties is to organize a survey committee. 1

Organizing an Occupancy Survey Committee.—A local occupancy 
survey committee should include interested representatives from such 
organizations as the local real estate board, the city planning commis
sion, the post office, the city government, mortgage bankers’ associa
tion, chamber of commerce, building owners’ and managers’ association, 
apartment house association, builders’ exchange, telephone and other 
public utility companies, health councils, and university bureaus of eco
nomic research. There are many other organizations which might have a 
definite interest in the compilation of occupancy data. This committee 
might well be organized on a permanent basis with a chairman, vice- 
chairman, secretary, or other officers.

Planning the Survey.—In making a vacancy survey, it is important 
to lay out a careful plan of how the work is to be done and what is to be 
included with due regard for the probable use that will be made of the 
data. In making this plan, one should carefully consider the following 
questions: W hat will be the scope of the survey ? How will it be financed ? 
How will the field data be collected? How will the data be tabulated? 
And how will the data be presented and reported? It is desirable in 
many instances to include an analysis with the report for those who wish 
to use it as an aid in making their own special applications of the data.

Financing an Occupancy Survey.—In making an occupancy survey, 
it is important to utilize available information, as far as possible, in order 
to keep down expenses. In most instances a successful survey depends 
upon a considerable amount of contributed help. Such assistance can 
often be contributed by business, governmental, and civic organizations 
with very little sacrifice, where it would be impossible to raise the funds 
necessary to hire regular enumerators. With the proper organization 
and use of contributed help, a survey of a large city, which otherwise 
would cost several thousand dollars, can often be completed at a cost

1 This description of m ethods of making an occupancy survey is abstracted  in part 
from “ How to Make an Occupancy Survey,” prepared by the U nited States D epart
m ent of Commerce and published by the N ational Conference on Construction.
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of a few hundred dollars, and a survey of a small city can often be made 
with practically no cash outlay.

Conditions will vary from city to city and from time to time in the 
same city, but a rough idea of the cost involved may be obtained from 
estimates of the cost of a survey of St. Louis, which covered the number 
of units occupied, vacant, and under construction, and the number of 
extra families, all by classes of buildings for 128 districts of the city. 
These estimates are presented in Exhibit 208.

Determining the Information to Be Gathered.—Before an occupancy 
survey is started, careful consideration should be given to determining

C o s t  o f  M a k in g  O c c u p a n c y  S u r v e y  i n  S t . L o u is

Actual
cost

E stim ated  cost 
if all work 

were paid for

Supervision....................................................... * 00* 
001 

50.75 
001

309.00 
187.34 
108.25
150.00

$ 1,000.00 
12,000.00 

50.75
300.00
309.00 
187.34 
108.25
150.00

G athering field d a ta ......................................
Labor for punching ca rd s ...............................
Sorting and tab u la tin g ....................................
Copying and checking tab le s ........................
P rin ting  forms for field records....................
Printing reports (3,000)..................................
O ther costs (maps, drawings, etc ) ..............

T o ta l ................................................................ 805.34 14,105.34

* C ontributed  by Albert Wenzlick Real E s ta te  Com pany. Research D epartm ent, 
t  W ork done by  Post Office. (Because of th e  fam iliarity  of le tte r carriers w ith conditions in their 

d istricts, they  are sometimes able to  fill ou t th e  occupancy survey cards with b u t relatively  little  effort 
and  a t bu t little  or no extra cost to the Post Office.)

t  Use of sorting and tabu la ting  machines contributed  by In te rna tiona l Business M achines Corpo
ration.

E x h i b i t  208.— The above table illustrates how, by use of contributed help, surveys can be 
made which m ight be difficult if not impossible to finance on a direct cash basis.

just what information is desired. Frequently omission of desirable 
information is discovered after the survey has been completed. Care 
should be taken to guard against any such omissions. In determining 
the types of information that the survey should show, it is well to set up 
dummy tables with appropriate headings and stub-items, and then, 
working backward from these tables, make up the schedules and other 
forms in such a way that the desired information may be procured.

Unit of Measurement.—In making practical occupancy surveys of 
residential and neighborhood buildings, it is necessary to use a unit of 
measurement which is easy to apply in the field and which is readily 
understood in analyzing the data. Ideally, it might be desirable to use 
such units as square feet of usable area, but practically, especially in 
the case of residential buildings, it is doubtful if the interpretations and
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applications would be any better than when a simple count is made on 
the basis of accommodation units. That is, for most purposes in making 
occupancy surveys of residential and neighborhood business buildings 
(but not large office and industrial buildings), it is practical and usually 
desirable, in order to save expense, to collect the data on a basis of the 
number of units. In residential buildings the unit is the space designed 
for and ordinarily occupied by one family. In neighborhood stores and 
neighborhood office buildings, a unit is the space ordinarily designed 
for and occupied by one concern. 1

Area to Be Included.—One of the first questions to be decided is that 
of the territory to be covered. I t is important to give due consideration 
to the outlying districts. These districts are often excluded to save 
expense and later when back information on the outlying areas is needed 
for comparative purposes, it is not available. The official boundaries 
of cities are not ordinarily satisfactory as boundaries of the areas which 
should be covered by occupancy surveys.

Areas by Which Data Are to Be Recorded.—In analyzing local 
situations it is very important to have the data recorded by small sub
divisions of a city. Different districts in a city do not grow at the same 
rate, and conditions vary to a great extent from one part of the city to 
another. One part of a city may be declining while another is growing, 
and still another is standing still.

The number of small areas into which a city should be divided will 
vary with the size of the city. I t  is probable that the average area should 
contain not more than 5,000 or 10,000 people, allowing for increases for 
the next decade or so. 2 Population and area of these unit districts will 
vary considerably in any one city, but an attem pt should be made to lay 
out each district so that the conditions within it will be as uniform as 
possible. In determining these unit areas, it is not feasible to use postal 
districts or city wards because their boundaries are often changed. 
Probably the best unit area basis for taking vacancy surveys is the 
“ census trac t.” The boundaries of census tracts are permanent, which 
makes the area a valuable one, not only for the collection of census and 
occupancy data, but also for the collection of other types of data by the 
various organizations in the city.

Date of the Survey.—In determining when to make an occupancy 
survey, there are many points which should be considered. In the first

1 I t  is desirable in the more complete surveys of store, office building, or industrial 
space, especially if the buildings are large, to  record space on the basis of square feet 
of rentable area ra ther th an  units.

2 The average population per census tra c t in the nineteen cities which are on a 
census tra c t basis is from approxim ately 2,000 to approxim ately 16,000. Ten of 
these cities, however, have trac ts  w ith an average population between 3,000 and 7,000.
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place, consideration should be .given to whether the survey is to be 
taken annually or at other intervals. The value of a survey is greatest 
if it is taken at regular frequent intervals so that comparisons can be 
made with past dates and so that trends and changes can be studied.

Every month in the year has been used as a survey date, but the most 
popular dates are in the autumn and in the early spring. A survey taken 
in January or February gives late data for the use of real estate men and 
others who are analyzing the spring market for building space. How
ever, the financing of large-scale building projects and, to a certain 
extent, other building projects, is ordinarily arranged before the end 
of the calendar year, and if the vacancy information is to be used in build
ing up a case with a financial institution, or if it is to be used by the 
financial institutions in analyzing conditions, it must be available before 
the first of January.

Classification by Types of Structures.—It is important to report 
vacancy conditions by types of structures. The classification of major 
types of residential and neighborhood-business buildings might be as 
follows: Single houses (“ freestanding”), horizontal double houses1 

(sometimes called “ semi-detached”), row houses, 1 vertical two-family 
houses (one family over the other), flats, apartment houses, living quarters 
over stores, neighborhood stores, and neighborhood offices. 2 Local 
conditions will undoubtedly make necessary some variation in these 
classifications. Sometimes one or more classifications can be dropped, 
and sometimes it may be necessary to add one or two classes in order to 
meet local requirements. In many instances it will be advisable to sub
divide the preceding major classes.

Standardized Terms for Types of Dwellings.—In cooperation with 
the National Association of Real Estate Boards, the Mortgage Bankers’ 
Association, the National Association of Building Owners and Managers, 
the American Statistical Association, and other organizations interested 
in improving occupancy surveys, the United States Department of Com
merce has suggested the dwelling designations shown in Exhibit 209. In 
arriving at these standards, the secretaries of real estate boards and other 
interested individuals throughout the country cooperated in dividing all 
residential buildings into the major types illustrated. In  many cities 
it will be advisable to have subclasses under these major types. For 
instance, in Los Angeles it is desirable to classify single houses on the 
rear of the lot separately from single houses on the front of the lot for 
the reason that there is a major distinction between the desirability of 
these two subdivisions of the single dwelling class. In St. Louis and other

1 In some cities units are owned separately, in others this is not customary.
2 In most of the large cities the local office building owners' and managers’ associ

ations have made extensive surveys of office space occupancy on a rentable area basis.
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MAJOR CLASSES OF DWELLINGS 
TH E TERM “ UNIT.”  A S  U SED  BELOW , D ESIG N A TES ONE FAMILY ACCOMMODATION

©

T ypical c h a ra c te r is t ic s*  s in g le  b u ild in g  fo r  
occupancy by one fam ily -  o rd in a r i ly  1 o r  2 s to r ie s .

STANDARD TERM: 

LOCAL TERM:_____

S in g l e  h o u s e

Note: Sometimes i t  i s  ad v isab le  to  make 
sep a ra te  c la s s i f ic a t io n s  fo r  houses on th e  f ro n t 
o f th e  l o t  and houses on th e  r e a r  o f th e  l o t .  As 
a  m a tte r  o f convenience, s in g le  houseb which are  
used  as  rooming houses, o r which co n ta in  l i g h t  house
keeping  accommodations where m ajor s t ru c tu ra l  a l t e r 
a t io n s  have not been made are  inc luded  in  the 
c la s s i f i c a t i o n ,  " s in g le  houses."

©

T ypical c h a r a c te r i s t i c s :  h e a t ,  no t fu rn ish e d  - 
no J a n i to r  se rv ic e  -  freq u en tly  in d iv id u a l ou ts id e  
en tra n ce s  -  o rd in a r i ly  3 to  6 u n i t  capac ity  and 2 
s to r i e s ,  bu t sometimes g re a te r  number o f  u n i t s  and 
as h igh  as 3 and even U s to r i e s .  (The heavy dashed 
l in e s  show th e  d iv is io n s  between u n i t s . )

STANDARD TERM: 

L00AL TERM:

F l a t

Note: 8ee note a t  bottom o f  s e c tio n  6.

©

T ypical c h a r a c te r i s t i c s :  two fam ily u n i t s  
s tand ing  s id e  by s id e  -  o rd in a r i ly  1 o r  2 s to r ie s .  
(The heavy dashed l in e  shows th e  d iv is io n  between 
u n i t e . )

STANDARD TERM: Horizontal double houae 

L00AL TERM:___________________________________.

©
T ypical c h a r a c te r i s t i c s :  hea t 
fu rn ish e d  -  has J a n i to r  se rv ic e  ■ 
J o in t  main en trance -  u su a lly  
has e le v a to r  se rv ic e  (but not 
always) -  o rd in a r i ly  more than 
10 fam ily  u n i t s .

STANDARD TERM: Apartment house 

LOCAL TERM:__________________________

Note: I t  i s  suggested th a t  th e  d iv is io n  between 
c la s s  5 and c la s s  6 in  n o rth ern  c i t i e s  may be made on 
th e  s in g le  b a slB  o f  w hether o r  not h ea t i s  fu rn ished . 
In  southern  c i t i e s  th e  d i s t in c tio n  may be made on the 
b a s is  o f  w hether o r  no t J a n i to r  se rv ic e  i s  fu rn ish ed .

©
U-

T ypical c h a r a c te r i s t i c s :  sev era l 
u n i t s  b u i l t  to g e th e r  in  a  row -  
in d iv id u a l o u ts id e  en tra n ce s .

STANDARD TERM: 

LOOAL TERM:

Row h o u se

R e s id e n tia l q u a r te rs  over 
B tores -  u su a lly  one s to ry  
over s to r e .  (Do not include 
apartm ent houses which have 
s to re s  on the ground f lo o r . )

STANDARD TERM: 

LOOAL TERM:_____

L iv in g  q u a r t e r s  o v e r  
s t o r e s

©

T ypical c h a r a c te r i s t i c s :  two fam ily u n i t s  -  
one over th e  o th e r . (The heavy dashed l in e  shows 
th e  d iv is io n  between u n i t s . )
STANDARD T’SRM: Vertloal two-family house

©
O th e r  i m p o r t a n t  t y p e s  i n  y o u r  

o i t y  t h a t  o a n n o t  b e  I n c lu d e d  i n  t h e  
o l a s s e s  i l l u s t r a t e d  a b o v e .

E x h ib it  209.— Questionnaire used by the U nited S tates D epartm en t of Commerce in  
obtaining inform ation on local term s applied to different types of residential structures. 
The “ standard  te rm s” are those which were recommended for types of dwellings for 
standardized vacancy surveys. This system provides for the addition of any special types 
which m ay be of local im portance.
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cities it is advisable to distinguish between two-family flats and all other 
flats. Likewise, in many cities it is desirable to keep regular apartment 
houses and apartment hotels separate.

I t  is obvious that there are many line cases or “ in between” types, 
which are not readily classified according to the types listed in Exhibit 
209. Unless such a type is an important one it is suggested that it be 
included in the most nearly related class. If this classification is not 
feasible, it will be necessary to carry an additional class. In Los Angeles, 
for example, the bungalow court is common. Although it might be 
possible to include the bungalow court in one of the major classes shown 
in Exhibit 209, its inclusion probably would not be desirable, because, 
from the point of view of land occupied, size of building, class of tenant, 
etc., it is a distinct type. In this city, therefore, it is undoubtedly 
advisable to add a class called “ bungalow courts.” In New York it 
may be desirable to add another class to take care of tenement houses; 
but in many cities it would be possible to include tenements with flats 
or apartment houses by merging them or by making them a subclass.

In most cities there are several kinds of dwellings which might be 
considered as separate classes, but which, for practical purposes, are diffi
cult to classify satisfactorily because of changes in use. For instance, 
there is the rooming house, the fraternity house, the house with light 
housekeeping rooms, and the like which might be recorded separately 
for certain purposes. Because of the difficulties involved, however, it 
is usually customary to include each with the most nearly related type 
of dwelling. Unless there are strong reasons to the contrary, therefore, 
the rooming house or the house with light housekeeping rooms, if it is a 
single house structurally, would be included with the single family houses, 
and, if it is a double or row house structurally, it would be included with 
double or row houses.

In working out the classifications presented in Exhibit 209, an 
attem pt was made to standardize the classifications that could be used 
for the entire country and, at the same time, to avoid interference with 
local customs and usages. The classifications are based upon the dis
tinctions that are most commonly made between the different types of 
buildings. They are not based upon structural differences alone. The 
distinction between a flat and an apartment house is often made according 
to qualities other than type of structure, although size of building is 
usually closely related to these other qualities. For instance, in the class 
of buildings called “ flats,” ordinarily heat is not furnished and there is no 
janitor service; frequently they have individual outside entrances, 
and they are usually from three to six units in capacity. Apartment 
houses, however, as a rule have heat furnished; they have janitor service; 
they have one or more joint entrances; they commonly have elevator
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service; and they are usually larger buildings than flats. Ordinarily it 
will not make much difference in which class doubtful cases are placed 
because they are closely related to both classes. There should be no 
difficulty, however, in differentiating between most apartment houses and 
most flats.

Occupied and Vacant Units.—It is important to have the total number 
of occupied as well as vacant units in order that percentage relations may 
be determined.

The question sometimes arises as to just what the words “ occupied” 
and “ vacant” mean. In most cases there will be no difficulty, but in 
some instances questions will arise. If a house is temporarily closed, 
while the occupant is on a vacation, it should not be counted as vacant 
unless the space is actually on the market. If, however, certain unoccu
pied space is under lease, and is considered as “ not vacant” by the 
owner, and if at the same time the lessee is trying to sublet the property, 
it should be considered by the enumerator as vacant. One should watch 
for such conditions when obtaining vacancy information from apartment 
house managers and office building managers, since in some instances 
they consider their buildings fully occupied if all of the space is leased 
even though tenants may have moved out and the space may actually 
be on the market.

Buildings under Construction.—It is obvious that data on buildings 
under construction are important in analyzing the vacancy situation. 
These buildings should not be counted as vacant because they are not 
ready for occupancy. Such data indicate the immediately potential 
supply and, if no change occurs in demand, the supply of vacant space 
will be augmented to the extent of these buildings when completed.

Again we have the question of classification. When should a building 
be classified as “ under construction” ? A portion of an apartment house 
may be furnished and actually occupied before the remainder is ready 
for occupancy. In  such a case the units which are vacant and not ready 
for occupancy should be recorded as “ under construction.” Another 
question that often causes difficulty is: Just when does a building start 
to be under construction? If the excavation work has just begun, is 
the building under construction? Inasmuch as excavation work is 
sometimes completed long before the erection of the building is com
menced, it is probable that, in making an occupancy survey, the best rule 
is to consider tha t a building is not under construction until the use of 
building materials has actually been started.

Doubling-up.—During periods of depression, when incomes are 
curtailed, large numbers of families give up maintaining separate house
keeping quarters and move in with friends or relatives in order to reduce 
expenses. Thus, vacancies sometimes increase substantially with no
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new building and with no decrea.se in population. I t is obvious that the 
number of extra families is an important figure which should be obtained 
if possible. The cooperation of the post offices is a very valuable aid in 
securing this information for the different types of dwelling units. The 
postmen probably know better than any group in a city when outside 
families are temporarily living in a unit with another family.

For general occupancy survey purposes, it is probably advisable to 
keep all records on doubling-up in such a way that the individual family 
cannot be identified even on the field card. The field card described in 
Chapter II, page 26, provides for recording totals for each class by 
blocks. In case any question is raised as to whether or not the gathering 
of information on doubling-up necessitates inquiring too much into 
private family affairs, the explanation can be given that the data are 
recorded only as totals for blocks, and that no record of individual families 
is made even on the original field cards.

Other Classifications.—There are other classifications under which 
occupancy data can be grouped if facilities for gathering and handling 
the data are available. Among those which have been found to be of 
value are: “ size of units in number of rooms by types of buildings” ; 
“ rental or value of units by types of buildings” ; “ age of building” ; 
and “ equipment,” especially in apartment houses.

Necessity for Definition and Simplification of Terms.—The importance 
of excluding unnecessary classifications and information, especially in 
the initial surveys, cannot be overemphasized. I t is very difficult to 
make clean-cut and accurate definitions of many of the terms which must 
necessarily be used in making occupancy surveys, and the addition of 
any terms that would not be widely used in a given city should be 
discouraged.

In the preceding discussion an attem pt has been made to limit the 
number of items and classifications to those which are most important. 
The preceding classifications are suggested only after a considerable 
amount of study, carried on in cooperation with individuals and organiza
tions in various parts of the country tha t have made occupancy surveys. 
Often those in charge of making an occupancy survey are requested to 
include highly specialized classifications which would have only a very 
limited use. In such instances, it is usually desirable to have a special 
investigation made, which should be paid for by the individual or concern 
requesting the specialized information.

The preceding description of classifications has been given in consider
able detail, in order to illustrate the types of problems that must be con
sidered in statistical surveys and how practical approaches can be made to 
their solution. These examples are representative of the usual difficulties 
that confront those whose responsibility it is to plan a statistical survey,
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and are indicative of the care that must be taken in deciding upon such 
details before starting the work of gathering the data.

Gathering the Data.—The problem of gathering occupancy data 
centers mainly on the item of personnel needed for field work. To facili
tate the field work the classifications by which the data are to be gathered 
should be as simple as possible, and their number should be limited to the 
minimum consistent with the use to be made of the data. I t  is also 
important to provide the proper schedule form for the use of the enumer
ators in the field.

As indicated previously, many different methods have been used to 
secure the personnel necessary for making vacancy surveys. Among 
the most important are:

Paid enumerators.
Help contributed by real estate boards.
University students (course work).
Police.
Help contributed by public utilities.
Post office letter carriers.
The above, it is understood, applies only to the personnel to be used 

in the field for gathering the data and may not include the clerical staff 
which is necessary after the field data have been gathered.

Paid enumerators are seldom used as the sole method of gathering 
occupancy data, because of the expense involved. I t is ordinarily easier 
to secure contributions in the form of personnel than it is to obtain the 
money necessary to pay enumerators. When a large number of enumer
ators are wanted for one or two days’ work, it is sometimes difficult 
to secure those who are sufficiently reliable for their work to be accepted. 
Of considerable assistance in this regard, are the employment offices 
in colleges and universities which often have lists of students who are 
familiar enough with this type of work to make good enumerators and 
who are glad to have work for a day or so. Another source, which has 
been found to be helpful, is the waiting list of street-car motormen and 
conductors maintained by the street-car companies. The usual type of 
employment agency ordinarily is not in position to furnish help of the 
type required for such investigations.

In many instances the problem of securing personnel has been solved 
by the real estate men directly, either by contributing their own time or 
the time of their employees. The desired information is gathered for 
certain specified sections of the city which are assigned to them. Some

the larger universities which have practical courses in statistics are 
mcated in cities where it is desired to make occupancy surveys, and a 
Practical laboratory problem can often be worked out in which the 
students take part in gathering the field data. The city police depart-
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ment has in some instances made occupancy surveys in which the original 
information was gathered directly by the police force. In connection 
with their work of analyzing local conditions, the public utility companies 
have often helped in various ways to gather information such as occu
pancy data.

Probably no type of personnel can do a better job of gathering occu
pancy survey field data than the Post Office Department’s letter carriers. 
These men are more familiar with the conditions in their districts and 
can record the data more accurately and with less difficulty throughout 
a city than any of the other classes of enumerators mentioned in the 
preceding list. This is particularly true in connection with gathering 
data on extra families to determine the extent of “ doubling-up. During 
recent years the Post Office Department has cooperated under certain 
conditions in making occupancy surveys. In most of the cities which 
have made occupancy surveys, the local groups have taken advantage of 
this assistance.

The Field Schedule Form.—A convenient schedule form for recording 
the desired information in detail should be provided by the local group 
having charge of the survey. An example of such a form with complete 
instructions has already been described on pages 26 and 27 in connec
tion with Exhibits 3A and 3B. This form includes spaces for recording 
the number of units “ occupied,” “ vacant,” and under construction, 
and the number of “ extra families,” by classes of buildings, and is 
designed to be filled out for each side of every block. I t is important 
to confine the use of a card to one side of a block for convenience in assign
ing the cards to subdistricts or census tracts, and to simplify enumeration 
and checking. This is especially important when the information is 
collected by letter carriers, for the reason that it is a convenient method 
of breaking up the letter carrier’s route. I t  would be very difficult for 
a carrier, for instance, to collect the information by entire blocks, because 
such a system would not fit in well with the layout of his route.

Compilation and Tabulation.—The compilation and tabulation work 
in this particular type of vacancy survey has already been described 
in detail in Chapter IV, pages 51-57, as examples of hand and machine 
tabulation methods. Exhibit 7, on page 52, shows a master working 
table form which provides space for the data to be compiled and foi the 
corresponding percentages showing the proportions occupied, vacant, and 
under construction, and the proportion occupied by extra families. From 
this table, or from the machine tabulations of equivalent data, the desired 
special-purpose tables can be compiled, such as the one in Exhibit 210.

Analyzing Real Estate Vacancy Data.—As indicated previously, the 
residential vacancy survey has been described in some detail to provide 
an example which will serve as a general guide in making other real estate
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T o t a l  N u m b e r  o p  L iv in g  U n i t s  a n d  N u m b e r  V a c a n t , w i t h  P e r c e n t a g e s  
V a c a n t  b y  T y p e s , f o r  33 D i s t r i c t s  o f  t h e  C i t y  a n d  C o u n t y  o f  

D e n v e r , S e p t e m b e r  1937

Total 
num ber 
of units

T otal
num ber
vacan t

Percentages vacant

Dis
tric t

T otal
Single
resi

dences

Double
resi

dences

2-family
resi

dences
Terraces A part

m ents

A 2,790 20 0 .7 0 .8 0 .0 0 .0 0 .0 2 .6
B 6,540 63 0 .9 0 .8 0 .9 3 .5 0 .0 4.1
C 2,777 44 1 .6 1.1 0 .9 2 .4 2 .5 4 .0
D 1,887 8 0 .4 0 .6 0 .4 0 .0 0 .0 0 .0
E 2,626 19 0 .7 0 .8 0 .0 0 .0
P 3,035 35 1.2 0 .6 0 .8 0 .8 3 .2 5 .3

g & h 1,708 10 0 .6 0 .5 2 .0 0 .0 1 .7 0 .0
I 970 7 0 .7 0 .9 0 .0 0 .0 0 .0 0 .0
J 1,242 6 0 .5 0 .5 5 .9 0 .0 0 .0 0 .0

K & L 2,009 40 2 .0 0 .8 3 .3 0 .0 2 .4 2 .5
M 6,490 46 0 .7 0 .5 0 .4 0 .2 0 .5 2 .5
N 1,411 18 1.3 0 .7 2.5 7 .2 0 .8 1.2
0 4,692 72 1.5 1.5 1 .0 2 .2 1.2 2 .6
P 4,988 68 1.4 0 .2 0 .6 0 .0 2 .8 1.5
Q 5,583 72 1.3 2 .0 0 .5 0 .0 0 .0 1.3
R 3,305 39 1.2 1.3 0 .5 0 .8 0 .9 1.8
S 3,517 21 0 .6 0 .6 0 .4 2 .4 0 .8 0 .8
T 3,811 44 1.2 1.2 0 .8 0 .0 0 .0 0 .0
U 3,255 40 1.2 1.3 1.1 1.2 0 .5 1 .4
V 3,666 67 1.8 1.8 3 .6 1.2 2 .6 1.3
w 2,608 29 1.1 1.2 0 .9 0 .0 0 .0 0 .0
X 1,154 3 0 .3 0.1 0 .0 0 .0 1.5 0 .0
Y 3,441 49 1.4 1.5 2 .1 0 .0 1.0 0 .0
Z 3,113 60 1.9 1.7 1.4 0 .0 0 .0 3.1
A -l 1,047 8 0 .8 0 .8 1.4 0 .0 0 .0
B-l 620 5 0 .8 0 .7 0 .0
C-l 707 7 1 .0 1.0 0 .0 0 .0 1.4
D -l 694 12 1 .7 1.6 0 .0 0 .0 20.0
E -l 3,067 62 2 .0 2 .0 2 .8 0 .0 0 .0 1.7
F -l 1,598 25 1.6 1.7 0 .0 0 .0 0 .0
G-1 

All dis
723 9 1.2 1.3 0 .0 0 .0 0 .0 0 .0

tricts 85,074 1,008 1.2 1.1 1.0 1.0 1.2 1.8

E x h i b i t  2 1 0 .— An exam ple of a sum m ary tab le  th a t  can be compiled from the m aster 
Working table suggested in E xhibit 7, page 52. Classification of vacancy sta tistics by 
sTOall sections of a city  or m etropolitan area is of great im portance in their practical appli
cation. (Courtesy, School of Commerce, University of Denver, and Denver Reed Estate 
Exchange.)
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surveys. The analysis of real estate vacancy data requires their careful 
interpretation in relation to many other indicators of local business situa
tions. The position in the business cycle, the tendency of the long-time 
growth, questions of seasonal variations and random movements—all 
are important. There is, of course, a very direct relation to new con
struction, but there also appears to be a tendency for vacancies to 
increase when construction falls off, for the reason that there is an 
inevitable crowding and reduction in the use of space when incomes 
decline.

The tendency to “ double-up” should be very carefully considered 
in any analysis of vacancy figures, even though adequate statistical data 
may be lacking. The importance of this is indicated by the 1931 St. 
Louis survey, in which data on extra families were collected. 1 In this 
city, in the spring of 1931, there were more than two and one-half times 
as many extra families living in single houses as there were vacant single 
houses available. I t  was likely, however, that when these families again 
occupied separate quarters, they would move into the multiple family 
dwellings as well as into single family houses. I t  was obvious that the 
number of vacant units of all types (19,206) would be substantially 
reduced if the 1 1 ,5 9 7  extra families again occupied separate quarters. 
In other words, if the number of extra families were subtracted from the 
number of vacancies, the vacancy percentage would be reduced from 
almost 9 to a little over 3.

It is difficult to say what percentage of vacancies is best for all con
cerned. Conservative practice requires, however, that the usual types 
of income buildings should be constructed in such a way that a 90 per 
cent occupancy will net a profit. From the point of view of the individual 
concern that is planning to build an office building, a high vacancy does 
not mean that a new building should not be built a t all, but it does mean 
that if the building is built, it should be so superior in relation to rental 
rates that there will be no difficulty in attracting tenants who are occupy
ing other space. If a superior building and service cannot be offered 
a t competitive prices with a resulting net profit to the owners, then 
undoubtedly the project should wait until these conditions can be met.

In dwelling structures, there is considerable competition between the 
different classes as well as within each class. That is, an apartment 
house competes to a certain extent with single family houses as well as 
with other apartments. Again, supply and demand seem to have freer 
play in the single family house situation and ordinarily a tendency toward 
increased vacancies would be accompanied by considerable cutting ol

1 G reater St. Louis Occupancy Survey, Spring, 1931, made by the St. Louis Post 
Office under the direction of D elbert S. Wenzlick.
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rents. These and other such variations do not present any unusual 
difficulties, however, if the principles previously discussed are clearly 
understood.

Rents and Prices.—Data on rents and prices are very significant when 
analyzed in relation to vacancies. Changes in rents and prices are the 
real indication of the effects of changes in the vacancy situation. Rising 
rents ordinarily indicate an accumulating demand for new space. Rent 
indexes for various cities throughout the country are compiled by the 
United States Bureau of Labor Statistics, the National Industrial Con
ference Board, and the Real Estate Analyst.

Real Estate Appraisal or Valuation.—The appraisal or valuation of 
real property is becoming a specialty which requires skillful use of 
statistics. The typical appraisal involves such statistical problems as 
measuring the rate of growth of cities and the corresponding rate of 
absorption of land into various kinds of uses, the prediction of future 
growth and distribution of population, the determination of building life 
and building mortality, and the testing of the validity of capitalization 
rates. Appraisers also use the various statistical enumeration and 
sampling devices in their surveys to secure data on vacancies, rentals, 
expenses, building activity, subdivision activity, and other factors, which 
they use in making valuations.

Real properties (sites, sites and buildings, leasehold estates, leased 
fees, or other units capable of separate ownership and independent 
operation or enjoyment) have become so complex, and their values so 
difficult to determine, that the valuation of the appraiser who determines 
values on the basis of opinion alone is no longer considered reliable. 
Good judgment and experience, of course, are more important than ever, 
but they must be based upon the use of scientific statistical methods.

The technique of making appraisals cannot be expressed in complete 
detail in the limited space which can be given to the subject in this 
volume. Consequently, the discussion will be limited to some of the 
more important points that are of general interest, and the reader is 
referred to special works on this subject when a more complete description 
is required . 1

General Principles Involved in Valuation.—In approaching the study 
of principles of appraisal, two broad outstanding subjects should be 
carefully distinguished. First, there is the subject of method, which has

1 See Frederick M. Babcock, “ The Valuation of Real E sta te ,” M cGraw-Hill Book 
Company, Inc., New York, 1932; John A. Zangerle, “ Principles of Real E state 
Appraising,” Prentice-Hall, Inc., New York, 1927; and o ther books on appraisals 
listed in Appendix IX  beginning on p. 761. See also Frederick M. Babcock, “ Com
mon Errors in A ppraisal M ethod— An Analysis,” National Real Estate Journal, 
November 24, 1930, and other articles on appraisals published in this magazine.
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to do with the devices of logic and reasoning used in appraising. Second, 
there is the subject of data, which involves the proper selection, collection, 
and handling of information. The use of the right method will not result 
in correct appraisal if the data are inaccurate or inadequate. Likewise, 
the use of accurate and appropriate data will not result in correct appraisal 
if the wrong method is used.

I t  is also important to appreciate the distinction between the theoreti
cal method of valuation and the practical methods of valuation. The 
theoretical method is dictated by economic theory. Whatever creates 
value phenomena in real estate becomes a part of the theoretical valuation 
method. The practical methods should be in accord with the theoretical 
method in so far as possible. Many classes of properties cannot be 
appraised, except roughly, and by methods which very poorly approxi
mate the correct theoretical method.

Finally,, in any study of the principles of appraisal, it is necessary at 
the outset to distinguish sharply between cost and value. The importance 
of making this distinction is not generally realized, and there are still 
many mortgage men and real estate dealers who consider a dollar of cost 
to represent a dollar of value, even though in their own experiences there 
may have been many instances where clearly the cost of the property had 
a very remote, if any, relation to its value.

The Theoretical Valuation Method.—The fact that real properties 
have utility gives them market values. The values are exchange values 
produced by bidding in the market. In such bidding, prospective pur
chasers weigh anticipated benefits of ownership against prices; thus, we 
say that present capital value is the result of anticipated future benefit or 
the expected future income stream. Anticipated returns can be in 
monetary or amenity form. The present worth of the future returns 
expected constitutes present value. Hence, the theoretical method of 
valuation comprises the prediction of future returns and the determina
tion of their present value. Three elements are involved: (1) an expected 
or anticipated return in the form of an income or flow of amenities; 
(2 ) an interest rate reflecting risk or the degree of certainty of the predic
tion; and (3) the resulting value. This method parallels the operation 
of the real estate market.

Practical Valuation Methods.—In practice there are three general 
approaches in making valuations:

1. The income method.
2. The comparison method.
3. The cost method.

The first method is the most accurate and correct. The last two some
times have to be used in practice when it is impossible to use the income 
method. These three methods will now be discussed briefly.
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Under the income method, property is valued by discovering the present 
worth of a predicted earning expectancy. T hat is, future earnings are 
predicted and their present capital value is discovered by discounting. 
The income method is practicable for use where the property is of such a 
character that it produces (or can be expected to produce) predictable 
earnings in money form. I t parallels, so far as possible, the correct 
theoretical method and is, therefore, the most accurate of the .various 
methods. The result of the calculation is the total value of the property. 
If it is desired to distribute the total between land and building (or other 
fractional parts of the property), the separation is made by dividing the 
total net earnings between the parts. In the case of a building repre
senting the highest and best use of the land, an amount is deducted from 
the total predicted income sufficient to return the investment in the 
building during its useful commercial life and to pay, in addition, a fair 
rate of interest return upon that portion of the building investment 
which remains invested from year to year. The remaining net income is 
capitalized to discover the land value—that is, the investment which 
will yield the remaining income at a fair rate of interest is determined. 
In cases where the building does not represent the highest and best use 
of the land, the building value is made residual. In all cases, the process 
comprises a distribution of the total value. I t  is never sound practice 
to combine fractional appraisals to determine total value.

Under the comparison method, the property being appraised is con
trasted and compared with similar properties which have been sold. 
This method of appraisal does not correct for booms and depressions 
and should be resorted to only when the first method cannot be applied.

Revenues.
First floor, rental v a lu e ...................................................................  $ 28,500
Upper floors, rental va lue ............................................................... 122,300 $150,800
Vacancy and contingency allowance (5 per cent for first floor,

15 per cent for upper floors)...................................................... 19,770
Effective gross revenue estim ate ..................................................  $131,030

Expenses.1
H eat, light, and pow er....................................................................  $ 12,480
Jan ito r’s departm en t........................................................................  10,290
Elevator departm en t........................................................................  3,110
M aintenance and repa ir..................................................................  7,125
General expense................................................................................. 8,905
T axes....................................................................................................  26,180 68,090
E stim ated  norm al annual net earnings........................................... $62,940

1 Depreciation should no t be included as an operating expense in estim ating the 
net income to be capitalized.
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It, therefore, has but a limited application. Its most common use is in 
determining the values of individual family dwellings. The future 
returns are in the form of amenities and the present importance of the 
future amenities can be determined only by assuming that market prices 
are fair estimates of their value. This method is considered one step 
down from the pure theoretical method. However, it will be noted that 
the income method requires the use of the comparison device (in deter
mining the capitalization rates).

Under the cost method, it is assumed that the value of a property is 
equivalent or directly related to the cost of reproducing it. This method 
departs radically from the sound valuation theory. As a practical 
matter, it is impossible to estimate accrued depreciation and obsolescence 
directly. However, this method is the one commonly used in the valua
tion of many kinds of factories and industrial properties. With all of 
its inaccuracies, no better method is available in such cases because of 
the u tter impossibility of ascertaining the portion of the income of the 
manufacturing business that should be allocated to its real estate. This 
method is generally used in the appraisal of “ service” properties, such 
as schools, courthouses, and churches, where it is assumed that the 
maximum value of the properties to their owners cannot exceed the cost 
of replacing them. In such instances, there is no practical way of deter
mining the deduction necessary to arrive a t a figure representing “ value.”

An Illustration of Valuation Procedure.—An instance of. the procedure 
in determining the value of a property, based upon methods previously 
discussed, will now be described briefly.

An office building constructed in 1913 has a gross building area per 
floor of 10 ,0 0 0  square feet and its height is 80 feet, making a total cubical 
content of 800,000 cubic feet. At the present time, this type of building 
costs 60 cents per cubic foot, and a fair estimate of the replacement cost 
of construction new is $480,000. Carrying charges during construction, 
the cost of financing, etc., would amount to about $125,000, making a 
total estimated required investment, exclusive of land, of $605,000. 
This amount does not represent the present value of the building. I t is 
an estimate of the total cost, exclusive of land, which would be required to 
replace the building in new condition at prevailing prices.

By means of a study of the prospective rental market, leases in force 
in the building, the competitive position the building occupies, probable 
operating expenses, etc., the appraiser predicts average yearly revenues 
and expenses as indicated a t the bottom of page 551. I t is estimated 
that the building, if new, would have a total commercial life of 45 years. 
It is also estimated that the building, because of its present condition 
and position in the rental market, will have a remaining commercial 
life of about 20 years. The valuation then proceeds as follows:
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E stim ated norm al annual net earn ings......................................... $62,940
Annual level sum for 45 years required to  return  *605,000

and pay 8J per cent on the declining investm ent residues. 5 2 ,768,
Residual re tu rn  on la n d ....................................................................  $10,172
Value of the land a t 6 per c e n t....................................................... $169,533
Value of building: present value of $52,768 per year for 20

years a t 8 j  per c en t........................................................................ 499 352
Total va lua tion ...........................................................................  $668,895

In the above example, for the sake of simplicity, the earnings have 
been estimated on the basis of the average rate for the remaining life 
of the building. I t is better practice to predict an earning expectancy, 
which declines from the full earning power predicted for the following 
year to a level of earnings just sufficient to pay the return necessary to 
support the land in the last year of the life of the building. Another 
point that should be noted in connection with the preceding illustration 
is that the actual age of the building was not an element in determining 
the present depreciated value. The fact that the building was built in 
1913 had no bearing upon its present value. The value was determined 
strictly on the basis of future productivity.

Appraisal Data Requirements.—As previously indicated, appraisal 
accuracy not only depends upon selecting the right valuation methods, 
but also upon having accurate, adequate, and appropriate data. The 
collection and tabulation of data is probably the greatest task of the 
appraiser. The data necessary in valuation may be classified as follows:

1. Data Pertaining to City Growth and Districts.—This includes past 
and present statistics 011 number and characteristics of population; 
purchasing power; trend of development; building activity; city planning, 
zoning, and other restrictions; public utility services; transportation 
facilities, including streets and highways; special developments, condi
tions, etc .; and such influencing factors as business development, shopping 
and amusement facilities, educational facilities, general improvement 
program, public confidence, climatic conditions, drainage, general 
public standing and financial rating of owners in district, and 
indications of the progressiveness of the community.

2 . Data Pertaining to Architecture—  This involves much information 
and knowledge which only an architect possesses and, consequently, the 
services of an architect are often necessary in doing appraisal work. I t  
is important to have information which will show what types of archi
tecture are sound in relation to style and design, so that fads and other 
factors, which are only temporarily popular, may be discovered. Pro
ductivity and functional design are closely related.

3. Data Pertaining to Obsolescence.—This includes statistical and other 
data which will show to what extent certain factors tend to cause buildings
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to decline in value, so that the rates of obsolescence may be computed 
with some degree of accuracy.

4. Data Pertaining to Revenue Productivity.—This includes data 
pertaining to rental rates, etc., of similar or competing buildings.

5. Data Pertaining to Expenses.—This includes data on current 
operating expenses, taxes, etc.

6 . Data Pertaining to Costs.—This includes not only building costs, 
but all costs involved in the development of land, carrying charges, 
financing costs, etc.

7. Data Pertaining to the General Market for Investment.—This 
includes information on real estate, income, foreclosures, and the like, 
as well as data on mortgage rates, security markets, and other informa
tion of assistance in determining the relative desirability of real estate 
properties as investments.

8 . Data Pertaining to the Local Real Estate Market.—This includes 
statistics and other information on the vacancy situation; probable 
resale possibilities; transfer prices; numbers of speculators, developers, 
and investors; and asking and offer prices.

9. Data Pertaining to the Property.—This includes a general descrip
tion of the location, legal description, size and shape of land, description 
of building, description of leases, details regarding encumbrances, state
ment of special assessments, and present use of premises.

Among the more important sources of information which would be 
used in compiling the data listed above are the following:

1 . Past and current operating statements and lease rolls of the 
property being appraised, and of other buildings of similar character.

2. General sources, such as owners and tenants of near-by properties, 
local real estate brokers, and others interested in local developments.

3. Local government departments, such as city building department, 
city engineer’s office, city or county zoning or planning commission, 
county assessor’s office, city street department, city and county boards of 
education, and other departments which may have information.

4. Private sources, such as banks, title companies, insurance com
panies, public utility companies, architects, builders, and construction 
companies.

5. Trade and other associations, such as real estate boards, building 
managers’ associations, building material associations, engineers’ and 
architects’ associations, and chambers of commerce.

6 . Primary or original surveys made by the appraiser himself. This 
is undoubtedly the most important source of all. I t  is always necessary 
for an appraiser to examine property personally.

Although the better appraisers are rapidly becoming more skillful 
in applying the available rental, vacancy, overproduction, subdivision,
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and other statistics in their efforts to increase the accuracy of their 
valuations, it should be appreciated that one of the greatest difficulties 
in making an appraisal is to secure sufficient, satisfactory, and adequate 
data. The problem of securing the proper information, for instance, 
on the long-time trend and economic cycle in a certain city or in a section 
of a city is particularly difficult. The bases of the values of real proper
ties are to be found in their future productivities. The appraiser, 
therefore, not only finds it necessary to use statistical procedure in his 
appraisal methods, but he must also make practical applications in the 
form of business forecasts, production analyses, marketing analyses, and 
investment analyses as discussed in other chapters of this book.

Questions and Problems

1. W hy is i t  im portan t to  m ake statistical analyses of real estate conditions?
2. W hat use can be m ade of da ta  on building and lo t vacancies?
3. How can the fu ture dem and for lots and buildings be forecast?
4. In  growing communities, w hat is the significance of vacan t lots?
5. W hy is an excessive vacancy in lots an unsound condition?
6. W hen is i t  economically justifiable to lay ou t new lots?
7. W hen is land said to  be “ ripening into u se” ?
8. How do carrying costs during the period of ripening into use compare with 

purchase prices?
9. W hat is the difference between real estate investm ent and real estate specu

lation?
10. W hat is the influence of speculative building on land prices?
11. Is the holding of vacan t land for long periods of tim e usually profitable? 

Why?
12. Describe th e  real estate cycle. Explain the m istakes th a t are commonly made 

in confusing cyclical m ovem ents of real estate prices w ith their long-time trends.
13. Discuss land booms. Are they  influenced by cycles in general business?
14 Do random m ovem ents or tem porary conditions ever affect real estate prices? 

Illustrate.
15. How do inaccurate statem ents and unsound judgm ents by representative 

prom oters and speculators affect the severity of a real estate boom? Discuss the 
possibilities of controlling the real estate cycle.

16. How would you proceed in collecting da ta  on vacancies in dwellings, and  how 
would you classify dwellings for this purpose?

17. W hy is it  im portan t to have residential vacancy da ta  classified by  the different 
kinds of dwellings and by small areas?

18. How would you proceed in collecting inform ation on office-building vacancies?
19. Discuss the problem of tabu lating  vacancy data.
20. W hat are some of the principal points to  be observed in analyzing vacancy 

data?
21. W hy are statistics im portan t in making appraisals of real property?
22. In  connection w ith appraisals, distinguish between m ethod and d a ta ; theo

retical m ethod and practical m ethods; and cost and value.
23. Explain the theoretical method of valuation.
24. Describe three practical m ethods of valuation.
25. Illustrate in detail an instance of determ ining the value of a business property.



556 B U S IN E S S  S T A T I S T I C S

26. In making real estate appraisals, information should be compiled upoii what 
subjects, and what are some of the specific facts that should be obtained?

27. What sources can be used in obtaining data for use in making valuations?
28. Select a certain lot in your city, and analyze the trends of factors that affect

its value. . . .  ,
29. Make a survey of vacant residential buildings in your city, and analyze the

data gathered. Use the sampling process if necessary.
30. Make a vacancy survey of the store buildings in your city, and analyze the 

data gathered. Use the sampling process if necessary.
31. Prepare a detailed plan with forms for making a complete vacancy survey ot 

residential and business buildings in your city.
32. Analyze the vacant lot situation in your city.
33. Select a property in your city, and make an appraisal of it.

CHAPTER X X III

INVESTMENT ANALYSIS

It is the purpose of this chapter to discuss the practical use of statistics 
in analyzing investments. Many severe losses have been sustained 
because investors did not realize the risks that they were taking, and 
were not able to use relatively simple statistical precautions, such as 
those suggested in the following pages. The discussion will be confined 
principally to procedures to be used in determining whether or not an 
investment is desirable by helping to answer such questions as: Is the 
concern’s financial position safe? Is there a good market for the com
pany’s products? Has the management shown itself to be capable in 
times of stress? Do the earnings compare favorably with earnings of 
similar companies? Methods of getting information on these and 
similar questions from the point of view of the investor will be considered.

Opportunities in Investment.—At all times, whether in prosperity or 
depression, there are some industries which are in a strong position in 
relation to both volume of business and profits. At the same time, other 
industries are simply marking time or are slowly declining as a result of 
changes in economic conditions, poor management, or changes in the 
demand for their products or services. The making of successful invest
ments depends upon the ability to select the most promising companies 
in soundly established but growing industries, and the ability to determine 
a favorable time and price a t which to buy.

The demands created by changes in the standard of living and by the 
constant growth of certain industries furnish opportunities to make 
profitable investments which will have large capital appreciations as 
well as satisfactory dividend or interest incomes. One of the purposes 
of statistical analysis in investment is to help one to select those securities 
which, by reason of peculiarly favorable circumstances, can be expected 
to increase in value and yet give adequate safety at all times. In this 
connection it should be emphasized that consistent investment success 
is attained not by constant day-to-day trading and shifting of securities 
m the market for quick profits, but by buying securities of the best 
managed enterprises in soundly expanding industries and by holding; 
them for long-pull appreciation in value. I t  is also to be recognized that, 
during periods of general business depression and low earnings, statistical 
analyses are essential in order to select the securities of companies

557
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which will maintain earnings adequate to maintain dividend or interest 
payments, and which will enter succeeding periods of recovery and 
prosperity in a position to take advantage of the more favorable business 
conditions.

Place of Statistics in Investment Analysis.—As a general rule, the 
average business man will have but little information upon good prospec
tive investments unless he makes a definite effort to get the information 
himself from reliable sources. However, he may have considerable 
favorable (but unreliable) information on weak or unsound securities. 
The reason for this is tha t much selling effort is necessary in the case of 
new or weak securities and the better investments are not pushed so 
hard as the poor investments. In fact, some of the strongest sales efforts 
are made in connection with very weak or even fraudulent securities. 
And these efforts are successful chiefly because of the ignorance and 
lack of analytical methods on the part of prospective investors. A good 
rule in investing is never to buy anything that any one tries to sell. In 
other words, one should buy established securities as the result of inde
pendent or unbiased investigation or advice.

“ In no other field of business has more been said and written—and less 
actually understood—than in that of investments and stock speculation. 
Superficial ‘analyses’ of conditions, fanciful theories for guessing short 
swings, tips, rumors of mergers, pools, ‘insiders’ activities, and a hundred 
other things are to be found on every hand. Everywhere advice is 
dispensed freely and in great quantities. Generally, the more cheaply 
it is secured the more expensive it proves in the end.” 1 Definite statisti
cal facts, if properly analyzed and understood, will greatly reduce losses 
of hard-earned savings due to investing in weak or worthless securities.

Those Who Will Not Study Should Be Content with Low Yields.—It 
does not seem reasonable that people will work hard to save up a few 
hundred dollars and then make an “ investm ent” in securities about 
which they actually know nothing except what salesmen tell them. Such 
investors expect high yields or fortunes, when in reality they often receive 
no return and lose their original investments. Only those who make 
careful analyses of their investments have the right to expect higher than 
the usual incomes. Others, as a rule, should confine their investments 
to conservative securities recommended by reliable investment counselors, 
or to such securities as those in which savings banks may legally invest 
their deposits.2 The latter ordinarily include the interest-bearing obliga
tions of the United States Government, certain state and municipal bonds,

1 From Foreword to “ Consistent Investment Success,” copyright 1928, by The 
Brookmire Economic Service, Inc., New York.

2 It is not to be assumed, however, that all investments which are legal for savings 
banks are desirable for the conservative investor.
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conservative real estate mortgages, and certain bonds of well-established 
railroad companies with favorable records of stable earnings. Of 
course, absolute security is unattainable. Three of the Great Powers 
which took part in the World War are no longer in existence, although 
bonds of such governments were considered very safe before the war.

Distinction between Investment and Speculation.—There is no 
well-defined distinction which will enable us to place all investment in 
one class and all speculation in another. There is no question but that a 
person wishes to make an investment when he walks into a reliable 
broker’s office with cash or a certified check to make an outright pur
chase of stocks or bonds, with the expectation of receiving a regular 
reasonable return in the form of interest or dividends, and with the 
expectation of receiving back at a later date the amount paid. If, 
on the other hand, he wishes to open a margin account and buy widely 
fluctuating stocks which he would expect to sell in a few days or weeks at 
a profit, there is no question but that he wishes to speculate.

The degree of risk and the amount of gain expected furnish indications 
of investment and speculation. If the risk is great, usually one is specu
lating, and if the risk is low, usually one is making an investment. It 
often happens, however, that what one thinks is an investment, is specu
lation of the most pronounced kind. Statistical checks, skillfully used, 
will usually correct this difficulty.

Investors often select their stocks in such a way that they can reason
ably expect them to appreciate over a period of time (say at least a few 
years). Speculators ordinarily expect their stocks to appreciate in a few 
days or weeks. The first class (investors) should select their stocks (or 
have them selected) on the basis of skilled analyses of the conditions of 
the companies and their present and probable earning powers. The 
second class (speculators) select their stocks chiefly on the basis of 
hunches and tips regarding the day-to-day erratic movements of the stock 
market.

In this chapter, we are concerned only with the problems of invest
ment. And while investments can be made in other things, our discussion 
will be confined chiefly to investments in stocks and bonds, although 
mortgage loans and real estate will be briefly considered. Much of the 
discussion of stock and bond analysis applies also to mortgage-loan 
securities.

The Relation of the Investor to the Investment.—Before analyzing 
particular securities, the investor should make an analysis of his own 
particular requirements. Some people can afford to take greater risks 
than others. Young persons, as a rule, can afford to take greater risks 
than older persons. Single persons ordinarily can take greater risks than 
those who have families to support. Investments for widows and
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orphans commonly require the maximum safety. Those who have 
independent incomes can take greater risks than those who do not. 
Some people are temperamentally unfitted to assume risks, and the 
uncertainty may even affect their health, while others enjoy taking a 
chance and are good losers in case the venture is unsuccessful. Some 
investors are properly trained and are willing to make careful analyses, 
while others are not.

As the amount of the risk assumed depends to a considerable extent 
upon the type of security purchased, we shall now consider fundamental 
differences in the securities available for investment.

Investment Analysis.—An investment analysis should be made 
from at least three points of view. First, the nature and rights specified 
in the security purchased must be determined, particularly in relation to 
other securities which the concern has issued. Second, conditions in the 
security markets as a whole must be studied in order to know general 
market trends. And, third, the companies issuing the securities must 
be investigated thoroughly to determine the real value of the rights 
stated in their securities, and to determine whether the market prices o) 
the individual securities make them really attractive as an investment. 
These three points of view will be considered in the order given.

Stocks and Bonds.—It is assumed that the reader has a preliminary 
knowledge of securities and tha t it will not be necessary to explain such 
terms as “ stocks” and “ bonds.” I t is believed advisable, however, to 
review some of their principal features from an investment point of 
view.

In a corporation having bonds, preferred stock, and common stock, 
the bondholders ordinarily have the first claim on assets and a claim 
on gross revenue prior to stockholders’ claims. The preferred stock
holders have the first claim after the bondholders have been satisfied 
(assuming that there are no unpaid accounts or other prior obligations), 
and the common stockholders have the last or residual claim.

Bonds are usually mortgage loans bearing a fixed rate of interest, 
although there are a number of bond issues known as “ debentures” 
which are not secured by specific pledges of property. The bondholder 
ordinarily does not participate in the earnings even if the company 
becomes exceptionally prosperous.1 However, the prosperity of the 
company affects the safety of the bond principal and interest, and 
frequently specific bonds are considered to be sound investments because 
of the continued prosperity of the company rather than on account of the 
liquidating value of the property pledged.

Common stocks represent ownership of the enterprise, which includes 
the right to earnings. With the increased chances to gain, there is also

1 There are, however, occasional exceptions to this rule as pointed out on p. 562.
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an increased risk as to principal and income. But because the profits 
above a stated rate on the preferred stock ordinarily go to the common 
stockholders, large fortunes have been realized by those who have owned 
common stock shares in successful businesses.

From an investment point of view, preferred stocks lie in between 
bonds and common stocks. Preferred stocks represent shares in the 
ownership, but ordinarily they bear fixed rates of dividends. Since the 
security is less than that of bonds, the dividend rates are higher than 
bond interest rates. When considering preferred stocks, the investor 
should carefully investigate the conditions under which they are issued, 
as, for instance, whether they are cumulative or non-cumulative; whether 
the dividend rate is limited to a certain percentage or whether the stock 
participates in the dividends; whether the stock is redeemable by the 
company at a certain premium; and whether it is convertible into common 
stock. All other rights and privileges of the stockholder (appearing on 
the face of the certificate) should be carefully studied by the investor. 
The investor should know these conditions before becoming a stockholder, 
although he may never wish to exercise any of his rights, especially if he 
has been successful in selecting a prosperous company. Above all, the 
investor should endeavor to select only the companies which are and may 
reasonably be expected to remain successful. This involves the statistical 
analyses which will be discussed later in the chapter.

I t  should be pointed out that there is a wide variation in the attrac
tiveness of specific investments in each class of the securities just dis
cussed. Some bonds are safe while others are not. A specific concern’s 
bonds are ordinarily safer than its common stock, but the common stocks 
of some concerns are much safer than the bonds of others. A stock, 
which is scientifically selected, can easily be safer both as to principal and 
income than a bond or preferred stock which is bought with no investiga
tion. For example, the common stock of the American Telephone and 
Telegraph Company, which has an unbroken dividend record of 38 
years, is a more sound investment from the standpoint of security and 
return on the investment than either preferred stock or bonds in com
paratively new companies which may or may not prove to be successful. 
The financial records and the prospects for future success are the deter
mining factors.

Variations in Types of Bond Investments.—Even among bonds there 
are many variations in the attractiveness of the investment, owing to 
differences in the types of bonds issued and to differences in the types of 
organizations issuing the bonds.

An investigation to determine the particular characteristics of, and 
rights offered in, a given bond, and the comparison of these characteristics 
and rights with those of other available bonds is the first step in a bond



562 B U SI N E S S  S T A T I S T I C S

investment analysis. Bonds may be classified on the basis of (1) purpose 
for which issued; (2) security of principal; and (3) payment of interest 
and principal. Bonds are referred to as bridge bonds, equipment bonds, 
improvement bonds, etc., referring to the purpose to be accomplished or 
the use of the money. Classified according to security of principal, 
bonds may be (a) prior-lien bonds, which take precedence in their claim 
over mortgage bonds; (6) mortgage bonds protected by mortgages on the 
property, which may be first, second, third mortgages, e tc .; (c) debenture 
bonds, having no security except the company’s promise to pay; (d) collat
eral trust bonds, which are secured by stocks, bonds, or mortgages of other 
companies owned by the company issuing the collateral trust bond; or 
(e) government bonds, issued by city, county, state, or national govern
ments. Bonds classified according to the payment of interest and 
principal may be: (1) income bonds upon which interest is paid at the 
discretion of the board of directors; (2) profit-sharing or participating 
bonds, which share in profits in addition to receiving a fixed rate of 
interest; (3) tax-free covenant bonds, upon which the company agrees to 
pay the Federal income tax to the extent of 2 per cent on the interest 
upon authorization of the recipient of the interest;1 (4) tax-exempt 
bonds—the interest on municipal and state bonds is free from Federal 
income taxation; (5) convertible bonds, that is, bonds which carry the 
right under specified conditions to be converted into some other security, 
such as preferred stock or common stock; and (6) perpetual bonds, which 
have no date of m aturity when the principal must be repaid to the 
holder.

United States and Other Government Bonds.—The bonds of the 
United States Government have been considered to be the safest invest
ment available, and probably will continue to be so regarded unless the 
total amount issued, including short-term notes and certificates of 
indebtedness, should become so large that investors doubt the ability 
of that government to meet interest requirements and repay principal. 
The total of these obligations outstanding on June 30,1938, was approxi
mately $37,165,000,000, and they are secured by the wealth of the 
nation, which has been estimated at from 250 to 360 billion dollars during 
the past decade,2 and by the annual income of the nation, which was 
estimated at approximately $67,500,000,000 for the year 1937.3 Interest 
paid on the United States Government obligations issued before 1917 
and on all Treasury Notes, Treasury Bills, Treasury Certificates of 
Indebtedness, and obligations issued under the Federal Farm Loan Act

1 These bonds have not been issued since December 31, 1933.
2 See Moody’s “ Manual of Investments— Government Securities,” pp. 24-25, 

1938.
3 National Industrial Conference Board.
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is free from income tax, and the interest on Treasury Bonds and Savings 
Bonds is partially tax free. The tax position of a security is important 
in determining its rank as a desirable investment. A 4 per cent bond, 
subject to a 50 per cent tax, yields a net return of 2.5 per cent, which is 
less than the yield of a 3 per cent government tax-free bond.

The bonds of Great Britain, Dominion of Canada, the Scandinavian 
countries, and Switzerland also have had a good reputation. In many 
instances, however, the bonds of foreign governments are very unsafe 
investments. Before purchasing such securities, careful analyses should 
be made of past records of political stability, government policies, burdens 
of taxation, etc., as well as the history of the particular bond under 
consideration. The importance of securing especially sound and impar
tial advice when purchasing foreign investments can not be too strongly 
emphasized. No income-tax advantages are obtained by residents 
of the United States who purchase foreign bonds.

State Bonds.—The desirability of state bonds as an investment 
depends upon: (a) the good faith of the people of the state in paying 
their debts as shown by their past records (many state debts have been 
repudiated in the history of the United States but there has been no 
repudiation in recent years); (b) the wealth of the state compared to the 
size of the debt and the total population; (c) the laws regulating the state’s 
debts; and (d) the tax position. State bonds are exempt from Federal 
taxation and usually from state and municipal taxation in the state where 
issued. State bonds, in general, rank next to Federal government bonds 
as safe and conservative investments, but all state bonds are not con
sidered equally good.

Municipal Bonds.—Most municipal bonds1 rank high as conservative 
investments, but greater care must be exercised in investing in municipal 
bonds than in either United States Government or state bonds. Towns 
sometimes develop rapidly as the result of a boom, and decline later 
almost as rapidly. Cities have more frequently repudiated their debts 
because of loss of ability to pay than have states. Furthermore, munic
ipal bonds are sometimes declared illegal.

The size of the city’s debt relative to the value of the taxable property 
is, of course, a basic factor in determining the desirability of its bonds. 
Two general tests of the desirability of municipal bonds are : (a) whether 
they are legal investments for savings banks, and (b) whether they are 
offered for sale by well-established and reliable investment bankers.

1 In this discussion, the classification of municipal bonds is limited to direct, full 
obligations of towns and cities of—say— 10,000 people and over. Bonds issued by 
smaller localities or portions of municipalities are generally considered as municipal 
bonds, but there are many types of these bonds to which the present discussion is 
not applicable.
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Nevertheless, an investment in municipal bonds should not be made as a 
result of these general tests alone, but an investigation should always be 
made of the financial condition of the city or district issuing the bonds, 
and the property securing them.

Corporation Bonds.—Corporation bonds are usually secured by a 
mortgage under the terms of which specific property is pledged as security 
for the payment of both principal and interest. The mortgage, however, 
may not necessarily be a first lien on the property. Bonds, moreover, 
are rarely known as third- or fourth-mortgage bonds, since such a title 
would indicate too plainly the inferior lien. The investor, consequently, 
must be on his guard. Second-mortgage bonds, for instance, are often 
termed “ first refunding” ; third-mortgage bonds are designated “ general 
mortgage,” “ consolidated,” etc.

I t  is one thing to know definitely the exact property which is pledged 
as security for a bond, but it is quite another thing to determine its real 
value. From an investment viewpoint, corporation earning power is the 
true measure of value. The ratio of fixed charges to the net income 
available for the payment of these charges reflects the security of the 
bonds. In determining the number of times interest charges should be 
earned to reflect a satisfactory condition, one must consider the type of 
business activity in which the corporation is engaged. In railroad com
panies, 1.50 to 1.75 has been considered satisfactory for the largest com
panies; public utilities require 1.75 to 2.00;1 and industrials should earn 
at least twice the interest charges even in the most unfavorable years. 
Proper accounting principles must be used in determining net income 
available for interest charges; otherwise a false impression will result.

With the exception of the bonds of some of our leading corporations, 
industrial bonds have not proved very popular. In the first place, the 
conservative investor finds no appeal in industrial securities because of 
the speculative element. And the more venturesome individual expects 
a larger return than industrial bonds assure. This is reasonable because 
of the sacrifice in security which he makes. In the second place, there 
are relatively few issues of industrial bonds because of the instability ol 
earnings of the average company.

Investment Characteristics of Preferred and Common Stocks.— 
Other things being equal, preferred stock is a safer form of investment 
than common. The preference is usually as to both dividends and assets, 
and from an investment standpoint, this advantage tends to offset the 
limited income return. Common stocks often have a fair investment 
rating, in many cases superior to the bonds of other corporations which 
are not so prosperous. The test of such a security is not so much in

1 A lower rate may be applied in eases of proven stability of earnings.
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the amount of earnings in prosperous years, as it is in the amount in 
times of depression. The stock of any company that is able year in and 
year out, through dull times as well as busy, to show substantial earnings 
and regular dividends may be considered as offering a good opportunity 
for a permanent investment.

To the extent that potential appreciation in value is desirable in 
investment, stocks surpass bonds. Certain types of investment stocks 
have inherently a better opportunity for appreciation than others. 
Preferred stocks which enjoy a participation in income privilege are 
in this class. Common stocks, which have gained an investment rating, 
offer the best opportunities from the standpoint of potential appreciation’ 
because the income which the common stockholders may receive is 
limited only by the earnings of the company. But common stocks 
purchased during prosperous times usually contain a greater element of 
possible depreciation than appreciation. The increased earnings of a 
company during a period of prosperity cause its stock to sell at higher 
prices, and subsequent declines in business conditions, assuming that 
prosperous times can never be constant, result in lower prices.

Little likelihood exists that bonds (except those with conversion 
privileges) will ever sell at a large premium as compared with common 
stocks, because of the fundamental difference that bond income is, as a 
rule, limited, while common-stock income is ordinarily unlimited. When 
the return on stocks is limited, as on preferred stocks, the price will tend 
to keep within the same limitations as bond prices.

Form of Capitalization.—In selecting an investment in stocks or 
bonds, the capitalization of the company is one of the controlling factors. 
In a company which has issued bonds, preferred stock, and common stock, 
part of the revenues must be used to pay bond interest and part must be 
used to pay preferred-stock dividends before anything is available for 
common-stock dividends (or for the surplus). If dividends of, say, 6 
per cent are paid on the common stock of such a company during a period 
of prosperity, it can easily happen that there will be nothing at all for 
common-stock dividends during a period of depression. Other things 
being equal, therefore, there is considerably more risk in investing in 
the common stock of concerns heavily capitalized with fixed obligations 
than there is in buying the common stock of a concern whose capitaliza
tion consists entirely of common stock.

If the capitalization of a concern consists entirely of common stock 
and business becomes depressed, there will be no bonds and preferred 
stock to absorb any profits that may be earned, and they can be dis
tributed as reduced common-stock dividends. (Of course, if bonds and 
preferred stocks represent only a small proportion of the capitalization, 
this objection may not be important.)
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While bonds and preferred stock have greater security of both princi
pal and income than the common stock of the same concern, they bear 
only a fixed rate of income and often are not so desirable as the common 
stock of equally prosperous companies whose entire capitalization is 
represented by common stock. Common stock shares in the earnings 
and common stockholders get the full benefit of a concern’s prosperity 
whether the earnings are paid out in dividends or left in the surplus

Perhaps the other side of the question should be mentioned at this 
point as there are those who claim that the common stock of a concern 
with a high proportion of its capitalization in the form of bonds and pre
ferred stocks is the best buy, because only a limited proportion of the 
profits made on the capital furnished by the bond and preferred stock
holders go to the holders of these securities. The rest goes to the holders 
of the common stock. Such would be the case when the concern is 
prosperous, but it is equally true that the common-stock dividends may 
be entirely wiped out in times of depression because of the prior claims o 
the bonds and preferred stock. The chance of increased earnings carries 
with it a greatly increased risk. The principle is the same as in buying 
on a margin. Safety is sacrificed for the chance to secure a greater gain. 
If a careful analysis shows the common stocks of the two types of concerns 
to be equally desirable in other respects, the conservative business man, 
who wishes to reduce his risk and at the same time share the profits, 
will buy the common stock of the company which has the smaller pro
portion of bonds and preferred stock.

The purpose of the foregoing brief discussion of the different types of 
stocks and bonds has been merely to point out general characteristics 
and principles. Analyses to determine the relative position and rights 
of stocks and bonds of a given company are sometimes very complicated ; 
a single corporation may have several classes of bonds, several classes 
of preferred stock, and several classes of common stock, and some may be 
convertible to other classes and some may be redeemable. Obviously, 
these conditions should be carefully investigated in any investment
analysis. ,

Investments in Real Estate Mortgages and in Real Estate.—Popular
forms of investment in the United States include real estate mortgage 
loans and the actual real estate. The preceding chapter on real estate 
analysis describes methods of determining the values of real estate and 
probable trends in these values, as well as other factors which are impor
tan t to the investor. Since these mortgage loans have real estate for 
their security, similar analyses should be made in determining then 
safety and desirability. One of the chief objections to both mortgages 
and real estate as forms of investment is the lack of a ready market.
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They cannot be disposed of on a moment’s notice, as a rule, so readily as 
can well-selected bonds or stocks.

Security of a mortgage loan depends upon two factors: the priority 
of the lien, and the margin of equity. Upon receiving a mortgage, the 
lender, or mortgagee, has a lien upon the property. As the owner of 
such lien he may acquire the property in case of failure to pay the loan. 
There may be, however, other claims which take precedence over his. 
The second factor determining the safety of the principal is the difference 
between the amount of the loan and the value of the property. In 
large cities, the limit of safety for real estate mortgages is generally 
regarded as 66 | per cent and in smaller towns 25 to 40 per cent. A farm 
mortgage on improved farms rarely should exceed 50 per cent.

Six of the important elements of risk that must be considered in 
connection with mortgage investments are: (1) inaccurate appraisal, 
(2) influence of depressions and panics, (3) neighborhood changes, (4) 
deterioration of buildings, (5) losses in foreclosure, and (6) danger of 
forced sales. Each of these should be carefully analyzed by the lender.

Active Listed Securities.—The careful investor will usually do well 
to confine a major portion of his investments to readily salable securities 
that are listed on responsible exchanges. The reason for advising that the 
securities be both listed and readily salable is that the business investor 
often wishes to have a ready market as one of the requirements in his 
investment. He may neither wish nor expect to sell the securities at a 
moment’s notice, but he wishes to have an investment liquid enough that 
he may be able to sell it readily if this becomes desirable. Active listed 
securities are also better collateral for loans, as the bank can sell them 
readily in case the loan is not paid. If the investor is certain tha t he will 
not wish to dispose of the securities, this feature is not so important, and 
he may find a satisfactory investment in such securities as bonds of small 
cities which are unlisted and for which there is no active market.

The fact that a stock or bond is listed does not indicate that it is 
active. In 1930, less than one-quarter of the stocks listed on the New 
York Stock Exchange were active. To be readily salable, the stock 
need not be an active one, as there are a number of high dividend paying 
stocks that are inactive, either because the price is so high, or the issue 
is so small. Ordinarily there would be very little difficulty in disposing 
of such stocks on the exchange. However, they may not be desirable 
investments.

In connection with market activity, it should be pointed out that 
there is no definite relation between activity and investment value. A 
reasonable degree of activity is a desirable quality, but many excellent 
securities are rather inactive, while many very active securities are of 
little investment value.



568 B USI  N E S S  S  T A  T I S TIC S

Sources of Data on Stocks and Bonds.—All of the larger newspapers 
of the country publish data upon stocks and bonds, such as daily price 
quotations, volume of stock or bond sales, dividend rates, dates dividends 
are declared, and short summaries of the current profit and loss state
ments. Much more complete information is carried in such specialized 
dailies as The Wall Street Journal or the Boston News Bureau. One of the 
best sources is the Commercial and Financial Chronicle. Poor’s Manual 
and Moody’s Manual give detailed information on many companies. 
Specialized service is furnished by the Standard Statistics Company, 
The Brookmire Economic Service, Babson’s Statistical Organization, and 
others. The investor can also get some information from his bank,
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and if he is not already familiar with the various investment banking and 
brokerage houses, he should seek his banker’s advice when selecting such 
agencies. This last point, the selection of an investment banker or 
broker, is very important, for there are many houses in most of the large 
cities whose practices and standards are not a t all satisfactory from the 
point of view of making safe and sound investments.

Investing in Relation to Long-time or Cyclical Swings. I t should 
be emphasized again tha t the profits made through appreciation, as 
considered in this discussion, are based upon changes which take place
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over a considerable period of time, such as several months or a few years.1 
In such analyses we are not concerned with attem pts to make profits due 
to day-to-day or week-to-week fluctuations. The fundamental underly
ing movements in business, like the tides, can be analyzed and their 
movements can be forecast. But the short-time day-to-day fluctuations, 
like the waves, are subject to various surface conditions, which often have 
no relation to the deeper-seated forces. Probably most of those who 
deal in stocks are trying to make profits from day-to-day or week-to- 
week fluctuations, but this type of dealing, on the whole, should be classed 
as speculation and not as investment. In this discussion, we are inter
ested in the fluctuations which can be accounted for on an economic 
basis, such as increases in earning power.

The opportunity to take advantage of the cyclical swings in the stock 
market is indicated graphically in Exhibit 211, which shows the Dow-
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E x h i b i t  212.— How changes in the prices of three stocks (an industrial, a public utility , 
and a railroad) have offered opportunities for gain.

Jones averages for both industrials and railroads from 1897 to 1937. 
Every few years (or sometimes months) one can buy when prices are 
relatively low and sell when prices have increased from 50 to 100 per cent, 
providing he makes the statistical analyses that will enable him to buy 
and sell the right stocks a t the right times.

Exhibit 211 shows the average prices of groups of representative 
stocks. Ordinarily, however, one is interested in the swings of individual 
stocks when he wishes to buy.2 The opportunities to profit from the

1 The term “ long-time swings” should not be confused with “ long-time trend.” 
Long-time swings is a term commonly used in investment circles to distinguish the 
changes that take place over a few months or years from the day-to-day and week-to- 
week fluctuations. The terms “ long-time pull” and “ long pull” are also commonly 
vised in this connection.

2 If one wishes to invest in the average of a number of high-grade securities he can 
do so by investing in one of the better investment trusts.
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cyclical up-swings in prices of three individual stocks (an industrial, a 
public utility, and a railroad) can be appreciated by referring to Exhibit 
212. A study of the high and low figures in the table of Exhibit 214, 
on pages 582 and 583, will also indicate the investment opportunities 
furnished by 36 oil stocks.

I t  is important, as a rule, to select stocks of concerns whose basic 
trends are distinctly upward rather than downward. Unless this is 
done the declining trend will offset part, if not all, of the cyclical gains.

From previous discussions of the effect of business cycles, seasonal 
variations, trends, and unusual movements upon business data, the 
reason for considering these factors in analyzing a company and the 
price of its securities should be apparent. Ordinarily, however, the more 
refined methods discussed earlier in this book will not have to be applied. 
If one understands the computation and the use of these methods, he can 
consider the various forces or movements a t considerable length without 
actually making the detailed computations.

Security Price Indexes.—In making a general Study of security prices, 
an index of the security market is particularly useful. Also, in studying 
the price of an individual stock (or bond) it is necessary to make compari
sons with the general price level of all stocks (or bonds) and with the 
price level of a group of similar stocks (or bonds), in order to determine 
whether the individual price has been affected by market conditions in like 
manner and degree. In recent years, certain indexes of security prices 
have been computed and are published regularly to show monthly, 
weekly, and even daily composite changes. Several of these indexes will
now be discussed.

The Dow-Jones Index of Stock Prices—The oldest security price 
index is that of Dow, Jones & Company, present publishers of The Wall 
Street Journal. This index was started in 1884 as a simple average of the 
daily closing prices of 11 common stocks. In 1897, this index was 
changed into two indexes: one, the simple average of the daily closing 
prices of 20 railroad stocks; and the other, a similar average of 12 indus
trial stocks. In 1916, the number of industrial stocks was increased to 20' 
and in 1928 to 30. In 1930, a new average of 20 utility stocks was added. 
The railroad and utility averages are still unweighted averages—that is, 
they are obtained by adding together the closing prices of the day of the 
20 selected stocks in each average and dividing each total by 20. The 
industrial average is now an index, which, though not weighted, permits 
the occasional shifting of stocks in the average to accommodate changed 
conditions, stock dividends, etc., without destroying the continuity of 
the index. These averages are published in many financial papers and 
magazines. Similar indexes of bond prices are also published.

i For the period from December 1914 to October 1916, quotations are available 
for both the 12- and 20-stock series. (See Exhibit 211, page 569.)
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The New York Times Index.—The indexes published by The New 
York Times are prepared as simple averages of the daily high, low, and 
closing prices, respectively, of 25 railroad stocks, of 25 industrial stocks, 
and of the 50 stocks combined. There are nine series—three each for 
railroad, industrial,' and the combined stocks, showing, respectively, 
the course of the high, the low, and the closing prices. Like the Dow- 
Jones Index, there is no system of weighting the prices included; each 
index is stated in terms of dollars to show the average high, the average 
low, or the average closing price of each group. The New York Times 
Index was started in 1911.

Indexes of the Standard Statistics Company.—In 1923, the Standard 
Statistics Company introduced a weighted index based on the market 
prices of 228 stocks and weighted by the number of shares of each stock 
outstanding at the date of each price quotation. In 1929, the index was 
revised to include 406 issues, and subsequent additions have been made 
so that in June 1938 there were 420 issues included in the index. In 
addition to the index of price movement of all stocks, this company 
publishes group indexes to indicate separately the movement in industrial, 
in railroad, and in public utility stock prices. These groups are further 
subdivided into 62 groups to give the movements according to com
panies producing automobiles, food products, coal, copper, oil, leather, 
etc. The indexes are based on weekly quotations (usually Wednesday 
closing prices) and the purpose is to show broad market tendencies 
rather than day-to-day fluctuations. They are expressed as percentage 
relatives with the year 1926 as a base period.

In addition to the weekly indexes of stock prices, the company pub
lishes a daily index, compiled in the same manner as the weekly, but 
including only 50 industrial stocks, 20 railroads, and 20 public utilities. 
The industrial stocks included are representative of all major industries, 
and they have been chosen with a view to making the daily index closely 
similar to the weekly in direction and time of movements.

Several supplementary indexes are prepared by the Standard Statistics 
Company. These include: (1) weekly indexes of the price and yield of 20 
high-grade industrial preferred stocks; (2) weekly index of the prices of 
19 New York City bank stocks; (3) weekly index of the prices of 18 fire 
insurance company stocks; (4) weekly index of 18 investment trusts’ 
shares; and (5) weekly indexes of the price and yield of high-grade bonds, 
based upon 67 issues subdivided into groups of 15 industrials, 15 utilities, 
15 railroads, 15 municipal bonds, and 7 United States Treasury Bonds. 
Also a daily index of 60 bond prices is prepared, with supplemental 
indexes for 20 industrial, 20 railroad, and 20 utility bonds.

Investigation of the Concern Whose Securities Are under Considera
tion.—The most important consideration in choosing securities, whether
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they are stocks, bonds, or mortgages, is not the conditions and rights 
stated in the security, nor is it the price in relation to other securities hav
ing like rights and conditions. Although these are important in choosing 
an investment, an investigation of the company or enterprise whose 
securities are under consideration is of even greater significance.

In the remainder of this chapter, the principal factors ordinarily to be 
considered in investigating business concerns from the investment point 
of view, will be discussed. These factors may be briefly listed as follows:

1. Nature of the Industry.
a. Kind.
b. Stability and history.

2. Location Relative to
a. Markets.
b. Sources of materials.
c. Labor.
d. Capital.
e. T ran sp o rta tio n  facilities.
/.  Related industries.

3. Management.
a. Character.
b. Success and standing.

4. Markets.
a. In the industry.
b. For the concern.

5. Capital Structure and Ownership.
a. Control.
b. Distribution of securities.

6. Growth of the Concern.
a. Reason of, in past.
b. Future prospect.

7. Financial Statements.
a. Analysis of.
b. Ratio analysis.
c. Accounting policy.

8. Earnings Records and Reality of Earnings.
9. Stock and Bond Prices; Financial Policies.

o. History.
b. Yield.
c. Dividend and other financial policies.

10. Safety of Principal and Income.
a. Appraisal of risk.
b. Adequacy of return in relation to risk.

11. Business Cycles, Seasonal Variations, Trends, Unusual Movements.
a. Of the concern.
b. In the industry.
c. In general.

Nature of the Industry.—Usually the first consideration in choosing 
the securities of a concern for an investment is the nature of the industry
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in which it is engaged. Industries having government franchises, under 
which competition is limited, and permanent operation for a fair return 
has been aided by state or national regulation, are not comparable with 
other industries. Therefore, the problems in choosing the security of 
a railroad, a telephone, or a gas and electric corporation are not the same 
as those encountered in investing in an oil company, a lumber operation, 
or a department store. Even in picking the securities of these last men
tioned types of companies, the important points to investigate vary 
because of differences in the industries. Oil companies may produce in 
the oil fields; they may also refine; and they may distribute to the retail 
trade through their own stations. Lumber-producing companies usually 
do not retail their products to the consumers. Department stores deal 
only with consumers and, usually, only within a limited area. Because 
of such differences in the nature of the business of these companies, it is 
not possible to compare their investment attractiveness solely on the 
basis of their financial statements a t a given moment of time. Partic
ularly, the conditions must be examined to determine the stability of the 
industry and its prospects for the future.

Companies that manufacture luxuries ordinarily are more hazardous, 
from an investment standpoint, than those that produce necessities. 
Temporarily, the profits earned by producers of amusement equipment, 
such as sporting goods, may be large; but continuing profits are not so 
probable in such industries as in sugar refining or cigarette manufacturing.

Concerns manufacturing consumers’ goods usually suffer less in 
depression periods than companies manufacturing capital goods which 
are used in plant expansions and in the creation of new industrial enter
prises. Often such capital expenditures, as for new buildings, equipment, 
and even the maintenance of existing equipment, can be deferred for 
several years, whereas goods for direct consumption usually have a more 
steady demand.

Often the best opportunities for investment in an industry exist when 
conditions appear to be at their worst. In industries that have proved 
to be indispensable, the securities of the strongest companies are some
times available a t particularly low prices, because the industry has 
suffered a severe or extended period of depression. During such a depres
sion many investors do not recognize that readjustments are taking 
place—competitors are being eliminated and overexpansion is being 
corrected. These factors often make the securities of the surviving 
companies particularly desirable a t the moment when short-sighted 
holders of these securities are most discouraged. At such times, if the 
careful investor determines beyond all reasonable doubt that the industry 
is a permanent one and that the prospects for better conditions are not 
too far in the future, he is assuming a low risk in purchasing securities
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of the strongest companies. Obviously, such analyses to deteimine t e 
permanence and the future prospects of the industry must be made care
fully, and they require the collection of much statistical data on conditions 
in the industry and the use of the products.

Location of Enterprise—When selecting an investment, it is impor
tan t to consider the location of the enterprise in relation to its markets, 
its sources of raw materials, capital, labor, and such other considerations 
as the general reputation of the community. In many instances, an 
enterprise cannot have the best location from the point of view of all 
of these factors, but it should be well located in relation to a t least some 
of them. Often it is desirable to gather data which will show whether 
the industry should be located near one factor or another if these factors 
are scattered. Industries vary widely in this respect. A lumber mill 
ordinarily will be located near the timber supply so that it will be neces
sary to transport only the commercially valuable portions of the logs. 
Bread manufacturing, on the other hand, must take place near the market 
because of the high rate of deterioration of the finished product.

Another important consideration is location in relation to transporta
tion facilities. This involves a study of waterways, railroads, highways, 
airmail routes, and any other method of transportation or communication
of importance to the concern.

Some communities have developed in such a way that they present 
advantages for certain kinds of industries as compared with communities 
which do not have such development. An automobile manufacturer, 
for instance, finds a trained labor supply, sources of capital in sympathy 
with the automobile industry, and the necessary related industries m 
and around Detroit. New England is noted for textiles, Ohio for iron 
and steel, Minneapolis for flour milling, and Los Angeles for motion 
pictures. Anything as unusual as a cotton textile mill in North Dakota 
or an automobile factory in Arizona should be investigated with more 
than the usual care before considering it as.an investment.

Necessity for Checking up on the Management.—In the preceding 
outline of factors to be considered, one of the principal items is manage
ment. I t  may seem that this factor would be the only one that need be 
considered, and that the checks upon the success of any management 
need not be statistical. This is not the case, however, for it is in connec
tion with checking the management tha t statistics serve one of their most 
useful purposes; it not uncommonly happens that when the management 
is apparently successful, conditions are actually very unsound. A repre
sentative illustration of this is the 1920 difficulty of the Goodyear Tire 
and Rubber Company,1 described in Chapter X III. The phenomena

1 After the 1920 reorganization, the Goodyear Company prospered, and in the 
depression of the 1930’s it was one of the strongest of the rubber companies.
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growth of this concern and its large surplus caused many investors to 
believe that the company was in the hands of an exceptionally capable 
management. A check-up of the management in 1919, however, would 
have indicated that the company had recklessly expanded its fixed invest
ment a t high costs, and that it had a large merchandise inventory which 
had been accumulated at high prices during the prosperity period of the 
business cycle. The prudent investor, with these facts a t hand, would 
know that the company would be in no condition to pass through a period 
of depression in industry. I t  not infrequently happens that a manage
ment which is successful in building up an industry is deceived by its 
own optimism into thinking that an unsound financial structure is safe 
and strong.

Markets for the Concern’s Products.—One of the most important 
factors to be analyzed in making investments is the market for a con
cern’s products (or services). Under our present economic organization, 
a company has less control over this factor than over many of the others, 
and consequently the outlook for the market for a concern’s product 
must be favorable at the outset. Ordinarily a company can change 
its methods of manufacturing, or even its financial organization, for 
these are internal questions which can be controlled within the concern. 
But the market depends upon external conditions and, ordinarily, success
ful development depends upon meeting the conditions of the market 
rather than upon trying to change the market to fit the product. To be 
sure, such forces as advertising or salesmanship can be used to create 
demand, but competition is so keen that even where they are used to their 
fullest extent, the product must be one which will definitely satisfy the 
demand of the trade if the concern is to benefit from a lasting market.

I t  is in analyzing the conditions of the market for a concern’s product 
that the investor has one of the greatest opportunities. A few years 
ago the securities of certain agricultural machinery manufacturers were 
low priced because the poor implement and machinery market resulted in 
small or no profits, with corresponding dividends. Farmers had not 
been buying machinery nor implements since the agricultural depression 
of 1920. An analysis of the market showed that the farm purchasing 
power was increasing and that the need for new farm equipment was 
greater than it had been for several years. A substantial decline in the 
raising of horses also indicated that there would be an increase in the 
demand for substitutes in the form of tractors. The indicated improve
ment in the market for agricultural equipment took place, and the securi
ties of the established manufacturers correspondingly increased in value.

Suggestions for making surveys of the market for a concern’s products 
^vere given in the previous chapter on Marketing Analysis. Though the 
investor’s point of view is somewhat different from the point of view of
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the sales manager, the principles are the same, and need not be dis
cussed again a t this point. As in the previous chapter, the market 
should be analyzed for the industry as a whole as well as for the individual
conccrn.

Capital Structure and Ownership.—Inquiry regarding the ownership 
and capital structure is important for several reasons. One should know 
something about the policies of the group of shareholders that controls 
the organization, and how widely the ownership is distributed. I t  often 
happens that two large groups of stockholders with two widely different 
policies of operation and management are constantly fighting for control. 
As a rule, such a condition is undesirable, for it makes consistent progress 
difficult. Again, it is very important to know what proportion of the 
ownership is held by the management, since the condition is ordinarily 
more sound when the management (if an able one) has a considerable 
share in the ownership than when outside interests are the principa 
owners. An instance of this is the case of a certain large building-mate- 
rials manufacturer. In this concern, which was doing a very good busi
ness a few large stockholders, who were not particularly interested m 
the firm’s future, sold their shares to a competitor who thereby gained 
control. Upon this change in control, an assessment was levied upon the 
stock, and, a t the same time, the manufacturing plant of the company 
was closed. Furthermore, it was understood that in the future the 
company would produce only raw materials, to be sold to the company 
which had acquired control a t a price so low that it would be impossible 
ever to pay dividends on the stock of the first company. Consequently, 
the stock of the minority stockholders became practically worthless, and 
most of it was forfeited because the assessments were not paid. Although 
the minority stockholders instituted legal proceedings, they were not 
successful. In this particular case, an analysis of the ownership before 
investment would have indicated that this danger existed.

In connection with capital structure and ownership policies, the form 
of capitalization—that is, the proportions of bonds, preferred stock, 
common stocks, etc.—should be considered, as discussed previously. 
Earnings records and stock prices will be discussed later.

Growth of an Enterprise.—The security of an investment depends 
considerably upon the stability of the enterprise. For instance, one 
would not wish to make an investment in a concern whose business may 
be legislated out of existence. As a rule, the important risks which are 
typical of the industry are not difficult to discover, and if the mvestoi 
is conservative, he will avoid those where the risks are great, although 
there may be unusual chances for gain if the concern is fortunate.

The success of many concerns depends upon near-by natural resources, 
and they cannot prosper after these resources have been exhausted. The
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■supplies of some natural resources, such as standing timber, are known, 
while others, such as natural gas, are unknown. There are many 
instances of factories being built which depended upon natural gas as a 
fuel, where most of the investment was lost because the supply lasted 
only a few years. In other cases, the concern’s success has depended 
upon the ownership of a certain patent, and the prosperity of the concern 
was limited to the life of the patent.

Some concerns have grown because of superior judgment and keen
analysis of their problems by their management. Others have grown
because of extremely fortunate conditions for which they are not in the
least responsible. Other things being equal, the concerns in the first
group are more likely to continue to make progress than those in the 
second.

Ordinarily, the conditions most desirable from an investment point 
of view will be found in connection with large concerns rather than with 
small ones, although this is not always the case. Most of the securities 
that are well known and have a ready market are those of the larger 
concerns. The conservative investor will take care to select invest
ments only in the enterprises which are of a reasonably permanent nature 
and which can profit by the general expansion or long-time growth of 
business as a whole.

Analyses of Financial Statements.—Financial statements published 
y corporations are of two kinds. One type, the balance sheet with 

supporting exhibits, reports the financial condition at a given date.
he other type, the profit and loss statement and supporting information, 

states the results of operations over a period of time. By studying the 
acts presented in these statements, considering the two types of state

ments individually and also in relation to each other, the results of the 
management, the growth of the company, the changes in the financial 
structure, and other important information can be obtained.

Unfortunately, all companies do not publish complete balance sheets 
and profit and loss statements. Also, the financial magazines and 
newspapers do not always reprint the complete statements issued by the 
leading companies, but condense these reports to a point where inade
quate information is given. When possible, investors should obtain 
complete financial statements over a period of several years and analyze 
hem carefully. I t  is strange that many purchasers of securities in the 

Past have investigated their purchases much less carefully than they 
Y°uld investigate an automobile or a suit of clothes before purchasing, 
ie t, m buying securities, they should rely even less upon sales talk 
nan in buying automobiles and clothing. Unfortunately, but few 

security salesmen have been trained to make real analyses of their 
merchandise.
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In the paragraphs which follow, several procedures in analyzing 
statements will be presented. The first methods considered will deal 
with the balance sheet.

The 100 Per Cent or Common-basis Statement.—Comparison of the 
financial condition of one corporation with another is difficult unless their 
balance sheets are reduced to a common basis. This can easily be done

Company A Company B

Amount Per cent Amount Per cent

Assets
$4,000
15.000
10.000

4 .0
15.0
10.0

$12,000
50.000
40.000

2 .4
10.0
8 .0

Receivables...................................................
Merchandise.................................................

Total current...............................................
Fixed assets..................................................
Deferred charges.........................................

Total assets..............................................

Liabilities and net worth
Notes payable..............................................
Accounts payable............... .......................
Other current...............................................

Total current................................................
Bonds, e tc .....................................................

Total liabilities............................................

$29,000
69,000

2,000

29.0
69.0  

2 .0

$102,000
383,000

15,000

20.4
76.6

3.0

$100,000 100.0 $500,000 100.0

$6,000
8,000
3,000

6.0
8 .0
3 .0

$ 10,000
20,000

2,000

2.0
4 .0

.4

$17,000
20,000

17.0
20.0

$32,000
150,000

6 .4
30.0

$37,000
63,000

37.0
63.0

$182,000
318,000

36.4
63.6

Total liabilities and net worth......... $100,000 100.0 $500,000 100.0

E x h i b i t  213 .— A  simple illustration of the 100 p e r  cent or common-basis statem ent.

by converting the dollar values of each to percentages of the total of each 
side of their respective balance sheets. The procedure is illustrated in 
Exhibit 213. I t  will be seen that, when reduced to’percentages of the 
whole, each item in the statement can readily be compared with simi
lar items on other statements.

I t  is particularly desirable to compare the 100 per cent or common- 
basis statement of a given concern with the usual or average statement oi 
like nature prepared for similar concerns. Data have been assembled by 
various organizations, such as the Robert Morris Associates ( L a n s d o w n e ,  

Pennsylvania) and various bureaus of business research of universities,
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which show the composite assets and liabilities of many companies. 
Some of the statements published by these research organizations present 
data for groups of unclassified industrial concerns, whereas other tables 
are given for groups of companies classed as drugs, lumber, boots and 
shoes, wholesale dry goods, etc. Obviously, the latter type of table is 
very useful in comparing the condition of a given concern with other 
companies in the same industry.

This form of analysis is also useful in studying one corporation over a 
period of years. By reducing each item on the balance sheet a t each 
balance sheet date to a percentage base, the significance of the changes in 
items from year to year can be seen. For example, if merchandise inven
tories have increased in amount over a period of years, by determining 
the percentage which the amount a t each year bears to the total assets, 
it can be seen whether or not the inventory has increased out of proportion 
to the increases in other assets. And usually it is not the amount of 
increase in an asset or a liability that is important; it is the change in 
relationship to the total that is significant.

Use of Ratios in Analyzing Statements—While the determination of a 
concern’s strength or weakness cannot be removed from human judgment 
and be based solely upon mathematical calculation, nevertheless, ratios 
are of considerable value to investors in interpreting the accounts. The 
eight most important ratios in analyzing financial statements are :

1. Current. 5. Sales—merchandise.
2. Worth—debt. 6. Sales—receivables.
3. Worth—fixed. 7. Sales—fixed.
4. Merchandise-receivables. 8. Sales—worth.

These eight ratios may be classified in two groups: the first four pertain 
to the status of a business (shown by the balance sheet) a t a certain time, 
while the second four are significant because they measure the changes 
effected between statement dates.

The current ratio is the ratio of current assets to current liabilities. 
This ratio has been widely used by bankers when making loans. Before 
the World War, a statement which showed current assets and current 
liabilities in the relation of 2:1 was ordinarily considered to be a safe risk. 
It is now generally realized, however, that such a relation may be safer 
than necessary in a period of depression and distinctly unsafe in a period 
°f prosperity. This ratio has its chief significance when compared to the 
same ratio of other concerns in the same industry operating under similar 
conditions.

Even under normal price conditions the current ratio alone is not 
conclusive as to the financial strength of any business. I t  must be 
considered along with other ratios rather than as a definite criterion in 
itself. A concern with a current ratio somewhat below the prescribed 2:1
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may be in better financial condition than one having a much better 
current ratio. If the latter has a heavy bond issue outstanding and the 
former has no long-term obligations, obviously the difference in their 
current ratios is not conclusive of their relative strength or weakness. 
Also, in railroads and in public utilities particularly, the current ratio 
is of relatively minor significance where the general credit standing of the 
company is sound, because in such instances the current debt can be 
eliminated by the issue of bonds or preferred stock.

The second ratio listed above, that of net worth to total debt, is 
considered by some to be equally as important as the current ratio. This 
ratio shows the proportion of owned to borrowed capital. I t  is impossible 
to state a definite ratio as the ideal, however, as a ratio may be conserva
tive for one industry and yet be unreasonable for another. In the case 
of a railroad, for instance, a ratio of 1:1 might not be alarming if there 
were uniformity of income to meet fixed charges on indebtedness, but in 
most manufacturing concerns the ratio of 1:1 would not ordinarily be 
very safe.

The ratio of net worth to fixed assets is one which shows the liquidating 
protection afforded to creditors. If this ratio is high—that is, if the net 
worth is large in comparison with fixed assets, the creditors are given 
greater protection than where the ratio is low. Comparison of this 
ratio a t various dates for the same company shows whether or not the 
policy of the company is to give the creditors better protection or to 
increase the extent to which creditors are financing the plant assets.

The ratio of merchandise to receivables (trade notes and accounts 
receivable) is really a check on the current ratio, discussed above. It 
shows the relative composition of the main items of current assets.

The four other ratios mentioned above—namely, sales in comparison 
(1) with receivables, (2) with merchandise, (3) with fixed assets, and (4) 
with net worth—are methods of measuring how productive the business 
has been in relation to individual assets and in relation to the total net 
assets or net worth, which is the excess of assets over liabilities.

I t is not within the scope of this chapter to discuss these or other ratios 
in detail, as such a discussion would require an entire book. Those 
mentioned constitute only a few of the most useful. And in order to 
use these ratios satisfactorily, considerable practice in computing and 
studying them in different companies is necessary. Particularly, it is 
difficult to determine the importance to be given to the different ratios. 
For credit purposes (that is, for those planning to become creditors), 
it has been suggested that the following weights be applied to the ratios in 
determining an index of credit strength:1

' W a l l ,  A l e x a n d e r ,  and R a y m o n d  W. D u n i n g ,  “ Ratio Analysis of Financial 
Statements,” p. 158, Harper & Brothers, New York, 1928.
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Relative value 
or weight

_  R atio  (per centj
Current............................................  gfj
Worth—debt.....................................................................  25
Worth— fixed..................................................................  jg
Sales—receivables........................................................................... |()
Sales—merchandise................................................... | q
Sales—fixed.............................................................
Sales—worth..........................................................  5
Total value of all ratios...................................................  jqq

When data on profits are available, two additional ratios—profits 
on sales and profits on net worth—have been found highly important.

hen these ratios are included in the index of credit strength, obviously, 
an adjustment of the above weights is necessary.

Earnings Records.—One writer has said, “ All elements of investment 
value may be reduced, ultimately, to the earning capacity—the economic 
reason to be—of the enterprise.” 1 In analyzing an investment, one 
s ould determine whether or not the company’s statement of earnings is 
significant and acceptable. In this connection, it is very important to 
study the earnings statement together with the balance sheet. Such a 
study should include a comparison of current reports with those of earlier 
years, in order to determine whether or not the concern is making 
Progress. The results will be indicative of the stability of earning power 
and character of management. Such a comparison indicates the normal 
condition and assists in indicating whether the current report covers an 
abnormal, normal, or subnormal year of earning power. I t  is difficult
o say which, on the whole, is the more important, the earnings statement 

w the balance sheet. It is really necessary to use both and to analyze 
the features of each in the light of the other.

In considering an investment in the common stock of a company, it is 
essential that both the capitalization (as revealed by its balance sheet) 
and the market price per share of the common stock be considered 
lrJ relation to the record of earnings. Exhibit 214 presents an example 
°i a tabulation of data which are very helpful in analyzing common - 
stock investment opportunities. In this example, data are given for 36 

stocks on dividends, price ranges, net earnings per common share, 
gross operating income, assets, capitalization, book value per common 
«hare, working capital, and major operating fields. Statements like that 
shown in Exhibit 214 furnish valuable information, not only in considering 
one company, but also in comparing the common-stock investment possi- 
^ rtie so f  different companies. When such comparisons are made within

1 D e w i n g ,  A r t h u r  S t o n e ,  “ The Financial Policy of Corporations,” The Ronald
rress Company, New York, 1926.
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R e c o r d  o f  36 Oil

Dividends on common stock Price range common stock

Total
1937
pay-

Ratio;
price

to
1937

Net earnings per common share

based 
on 1937 Latest paid 

or payable
i929-1938 through 

June 21 Corporations First quarter Years

ments ings
1938 1937

Fis
cal

year
1937 1936 1935

Par
t V S Date High L<iw Last X Val. s $ S S S

2.00 3.1 QO.50 4-30-38 125$ m 65} . 21.5 Amerada Corp....... .V........ .No 0.55 0.66 Dec. 3.04” 2.52 2.28"
1.00 4.5 Q0.25 6-15-38 77} 22 6:3 Atlantic Refining............... 0.71” 0.69» Dec. 3.51 2.53 1 49
1.00 6.9 Q0.25 5- 2-38 49}» 3 14» 17.1 Bnrnsdall Oil.................... - 0.41 0.26 Dec. 0.85” 1.01 0.35
0.90
1.50

9.9
5.1

Q0.20
0.25

8-15-38
6-30-38

45
49

91
2913? 9.9 Continental Oil Co. (Del.).. . 5 0.39 0.43 Dec. 2.97 1.78” 1.57"

1.00 4.8 SO. 5030 6-10-38 39 11 20} 13.0 Dec. 1.61 1 23 0 79

1 00 ' 2.6 
0

0.25
10%Stk."‘

7- 1-38 
10-17-30

209»« 23"
1*. a 1161” 71 7.7 0.32 0.31 Dec. 0.94 dO. 03 0.27

2-.00 3.1 0.371 7- 1-38 
>»6- 1-38

6- 1-38
7-25-38

128**
41 6}

75
I

16}
24’
211

17.2 ♦Imperial Oil, Ltd. (cpn.)... 
'Internat'l Petroleum (cpn.) 
•Lion Oil Refining................

0.98”
2.50
1.50.

10.3
6.9

SI. 25’» 
Q0.25 38} 10.1 No •I.04m t0.73*“ Dec. 2.17 1.43" dO. 22

1.50 8.8 0.25 6- 1-38 39} 3} 17 5.9 Mid-Continent Petroleum.. . 10 0.25 0.66 Dec. 2.86 2.57 1 31
1.00 9.5 0.50 12-15-37 32 4 J 101 8.0 Ohio Oil Co........................ No 0.07 0.40 Dec. 1.31 0.70 0.34
0.75 6.6. 0.75 12-15-37 29} 21 11} 8.2 Pacific Western Oil....... 0.20 0 27 Dcc. 1.39 1.58" 0 60
2.75 7.7 Q0.50 6- 1-38 64 2 35} 6.6 Phillips Petroleum............. .No 0.52 1.26 Dec. 5.42 4.02 3.23
1.65 8.6 Q0.35. 6-30-38 37 6 191 6.7 0.94174 0.83in Dec. 2.85 1 66 0.70
0.25 2.4 0.25 12- 1-37 30} 2J 10} 4.9 Dec. 2.15 1.63 2.00

1.00 4.7 Q0 25 6-15-38 69} 51 21} 10.8 Seaboard Oil of Delaware.. .No 0.37 0 48 Dec. 1.97 2 00 1.34
1.00 7.0 0.35 7-15-38 34} 2 t 141 9.9 0.19 0.24 Dcc. 1.44 1 35” 0.37
1.50 5.8 0.50 7-25-38 60} 2 26 4.3 Skelly Oil Co...................... 0.56 1.43 Dcc. 6.07 4 42 2.17
0.80
3.65
2.00

5.5
10.7
7.2

0.25
Q0.5030
Q0.3530

3-15-38
6^30-38
6-15-38

48}» 51
9}

15}

14J
34
27}

8.0
3 59" 
1 7981i 8.8 Standard Oil of California.. .No 0.55 0.61 Dec. 3.17 1.43

2.30 8.0 Q0 25 G-15-38 63 13} 28} 7.9 Standard Oil (Indiana). .. . .  25 ........... Dec. 3.66 3..09 1 98
1.50 9.0 Q0.25 6-15-38 46} 8} 16} 10 3 ♦Standard Oil (Kentucky)-.. . .  10 Dec. 1.61 1.46 0.84
2.50
1.50
1 00» 

0

5.1 Sl.0039
QO.i25
Q0.25
Q0.50

6-15-38
6-15-38

841
129

19}
H I
24}

1

49} Standard Oil (New Jersey).
2.77

nt 491
2}

12.8.
8.20 12-20-20 24 0.08 0 03 Dec. 0.32 0.14 0 25

2.25 5.5 Q0.50 7- 1-38 711 9} 40} 8.1 Texas Corporation............. 25 0.56« 1.00” Dec. 5.02 4 10 1.85*
0.10 2.9 0.10 12-23-37 9} 2 3{ 5 1 Texas Gulf ProdQcing .. ..No 0.20» 0 25" Dec. 0.68" 0 93 0.90"
0.40 4.3 Q0.10 6- 1-38 23} ii 9} 8.3 Texas Pacific Coal & Oil... 10 0.27‘ 0.25‘ Dec. 1 11 0 72 0.03
1.20 8.9 Q0.25 6- 1-38 23J 2 131 6.5 Tide Water Assoc. Oil....... .. 10 0.42 0.38 Dec. 2 08 1.03« 0.73
1 40 7:3 Q0 30- 5-10-3* 57 8 19} 7 5 Union Oil of California.. . . . 25 0.49“ 0.47” Dcc. 2 58 1.40 1 15

0 0 0 25'” 5-10-28 29} ' 2i • 8.9 Wilcox OH & Gas. , ,  , $ ..... Dec. 0,24 dO. 06 dO 71

Common-stock data

—Explanatory notes—'
Fiscal year: When fiscal year ends January through June, earnings arc listed under preceding year.
Earnings: Wherever possible, earnings are calculated after deduction of undistributed profits tax, and they are specifically noted when such tax materially 

affects earnings per common share.

d Deficit.
Q Quarterly 
S Semi-annual.
* Listed on N Y Curb.
* Adjusted.
*. Before Adjust, on Foreign Exch.
* Before Federal Taxes.

11 After Extraordinary Charges.
After Inventory Adjustment. 

'* Both Classes of Stock.
80 All Classes and Par Value®. 
"O ld Stock.
11 Preliminary Report.
11 Indicated.

M Not Reported.
19 Including.Extras.
11 Also Extra Stock Dividend.
31 After Undist. Profits Tax.
» Dec. 31, 1937.
”  Before Extraordinary Adjustm 
41 Predecessor Companies.

E x h i b i t  214.—An example of a tabulation prepared to  facilitare the study of certain fac-
Stock Digest Service, 89

Stocks, J itne 1938
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Common-stock data Capitalization Working capital Major operating fields
Gross operating 

inoomeearnings per common 
share Pre

ferred
shares
out-

stand-

Com-
mon

shares
out

stand
ing

Funded
and
long
term
debt

Cash
and

equiva
lent

Current
liabili

ties

Current
assets

Mil. $ Million S Thousands Million S

200m

—Explanatory notes— 
funded debt: Includes subsidiary obligations, and guaranteed bonds.
f  ash and equivalent: Includes call loans, time deposits, and marketable securities at balance sheet 
w'ts and company’s own securities. •alue unless market value is lower;—Excludes special

' I’arent Company Only.
$25 Par Value.
Before Extraordinary Charges. 
Jrtcl. Extraordinary Income. 
Exclud. Securities Called.
Cash Only.
Exclud. Extraordinary Income

1 After Extraordinary Income. 
'Mar. 31, 1938.
1 Not Calculated.
‘Apr. 30, 1938.
'June 30, 1937 
'*2.50 Par Value.
1 Four Months Ended April 30.

Preferred Dividend Accumulations 
Approximate $3,086,922. 

Preferred Dividend Accumulations 
Approximate $67,277.

For 1937 and 1936 Fiscal Years 
Ending June 30.

,',f‘ Pertinent to the investment values of a group of common stocks. 
'road Street, New York.)

(Courtesy, Monthly
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industries (as in this exhibit), as well as between industries, the investor 
can more readily determine the relative advantages of the common 
stock that he is considering.

Not many published profit and loss statements contain more than a 
report of net earnings, income from outside sources, total income, and 
total deductions therefrom. Such a report calls for an even closer study 
of the balance sheet in order to discover what reserves have been allowed, 
what deductions have been made for depreciation, etc., before the figure 
for net income was determined. Complete statements of income and 
expenses are highly desirable and often can be obtained if the company 
has a wide distribution of its securities. Only by obtaining the details of 
income and expenses can it be determined whether the company is 
increasing its net income through a greater output, or by the reduction 
of costs, or by both. A figure of value in this connection is the operating 
ratio—that is, the proportion of net income which is consumed by 
expenses. A comparison of this ratio, for the concern under considera
tion, with those of other companies similarly situated often discloses the 
relative efficiency of the management and the relative situation of the
concern in question.

The history of the earnings should be studied over a period that is 
long enough to carry them through at least one period of depression. For, 
as a rule, the true test of a concern’s management and stability depends 
upon the manner in which profits are earned during times of stress. As 
indicated previously, earnings often fluctuate very widely as a concern 
passes through the different phases of the business cycle.

Reality of Earnings.—While the income statement is often considered 
to be the most important indication of the value of the securities of a 
company, it should not be accepted without verification by comparison 
with balance-sheet changes. The earnings of a company must be verified 
in two ways to determine whether or not they are real. First, they must 
be verified from the standpoint of accuracy and conservatism in account
ing, and, second, they must be verified from the standpoint of ultimate 
availability to the security holders. Verification from the first point of 
view has been more common in the past than from the second, for many 
analysts have failed to consider what is done with the earnings of com
panies—that is, they have failed to perceive whether earnings are profit
ably or unprofitably invested in additional fixed or working assets 
when not used in the reduction of liabilities or distributed as dividends. 
One of the best signs of a sound concern, from an investment point of 
view, is a steady growth in business financed wholly out of surplus 
earnings.

In checking the accuracy of earnings statements, it is first necessary 
to see that the reported earnings, less dividends declared during the
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period, represent the change in earned surplus from the beginning to the 
end of the period, as indicated in the balance sheets of these two dates. 
Losses suffered are sometimes charged directly against earned surplus, 
so that the earnings statement does not reveal the exact change in earned 
surplus during the period. Yet such losses may materially affect the 
accumulated profits available for dividends.

Furthermore, changes in methods of computing certain expenses 
can often be detected by analyzing balance-sheet changes, and the con
servatism of the company in comparison with other companies can be 
seen in this manner. For instance, depreciation and depletion expenses 
as recorded in the profit and loss statement must be compared with the 
Properties operated. These items are particularly important in railroad 
and other public utility companies, and in all companies having a la.rge 
Physical plant. Unless an adequate rate of depreciation (and of deple
tion, where wasting assets are operated) is used, the profits of the period 
will be overstated, and, conversely, if this rate is overstated the profits will 
be too low. Also, maintenance expenses should bear a reasonable rela
tion to the amount of plant property operated, and to the extent to which 
it is operated in a given year (which is indicated by the gross revenues in 
the case of railroads and public utilities).

Where reliable statements of depreciation and other rates used by 
various companies are published, comparison with these rates should be 
made in studying the statements of any company. For example, depre
ciation rates on locomotives, passenger cars, freight cars, and work 
equipment used by the Atchison, Topeka and Santa Fe Railway recently 
have been at from 2.9 to 4.8 per cent, depending upon the construction 
and type of equipment, whereas the Great Northern Railway uses 
from 2.7 to 2.9 per cent and the Union Pacific has adopted rates varying 
from 3.2 to 4.7 per cent.1 In analyzing the earnings of a railroad, 
reference to the rates used by companies operating under conditions 
similar to those of the road under consideration will indicate the relative 
conservatism of the company in recording depreciation expense.

Maintenance expenses, as reported in income statements, often 
vary from year to year in an unreasonable manner. In order to determine 
the adequacy of the reported maintenance expense, this expense, as shown 
111 the profit and loss statements over several years, should be ascertained 
and expressed as a percentage of depreciable plant (or on a mileage 
basis, or rate per locomotive, etc., in the case of a railroad). For instance, 
lf $3,000 per mile is spent for maintenance of way by a railroad in one 
year, and $500 per mile is all that is recorded the next year, obviously the 
earnings of the two periods are not comparable. One authority states:

1 Mundy’s “ Earning Power of Railroads,”  pp. 28-29, published by Jas. H. Oli- 
Phant & Company, New York, 1936.
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“ . . . when under fairly normal conditions a railroad’s maintenance of 
way expenses average below say $1,500 per mile of road these expenses 
should receive careful scrutiny by the intending investor.” 1

While these examples of analysis to determine the accuracy and 
conservatism of corporations in stating their earnings are very important, 
it is to be noted tha t the above remarks are only a suggestion of this 
type of analysis. Detailed comparisons of many items of expense among 
different companies, and for the company under consideration over a 
period of years, are necessary in a complete analysis to determine the 
soundness of income statements.

Even when it has been determined that the earnings of a given 
period are stated conservatively, these earnings may never be realized by 
the stockholders. In other words, they may never become real to the 
investors in common stock, because they may never be passed on to 
them, but may be reinvested in a plant which fails to produce propor
tionate profits.

The statements of the Studebaker Corporation from December 31, 
1922, to December 31, 1928, afford an illustration of profits reinvested in a 
plant which has not as yet increased the earnings of the company. Dur
ing the six-year period, plant assets, as shown on the company’s balance 
sheets, increased from approximately 64.8 million to 86.3 million dollars, 
or 33.2 per cent. This increase was accomplished by the investment of 
profits. The surplus and the proprietorship reserves increased in 
approximately the same amount as the plant—namely, from 14.7 
million on December 31, 1922, to 38.6 million on December 31, 1928.

Yet this increase in plant did not produce greater profits or more 
business. Earnings in 1928 (a particularly good year in the automobile 
industry) were $13,947,181 as compared with $13,773,869 in 1924. The 
intervening years produced reported earnings of approximately 16.6 
million in 1925, 13 million in 1926, and 12 million in 1927. From the 
standpoint of sales in dollars, in no year since 1923 has a volume been 
obtained that equaled the amount of 166 million obtained that year; 
in 1928 the sales volume was 157.7 million; Also, in units of cars pro
duced, there was a decline from 145,167 cars in 1923 to 136,205 in 1928. 
In short, there is no evidence that the earnings in excess of the portion 
distributed to the stockholders were put into productive use. Although 
the book value of the plant increased, its apparent productive value did 
not increase proportionately.2

1 Mundy’s “ Earning Power of Railroads,” p. 23.
2 At the end of 1929, after acquisition of the Pierce-Arrow properties, the plant 

accounts of Studebaker Corporation were reduced to 79.8 million. Apparently, the 
plant was reappraised and the values of plant items were reduced in the merger of 
the two companies. Earnings for 1929 were reported as 11.9 million, but the company
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In comparing the Studebaker Corporation with other companies, it is 
interesting to note that the Chrysler Corporation earned almost 22 
million dollars in the first nine months of 1928 with a smaller plant 
account than Studebaker, and the Packard Motor Car Company earned 
nearly 22 million dollars in the year 1928 with a plant account of less than 
31 million dollars. These instances give further evidence of the unpro
ductive policy which the Studebaker Corporation pursued during the 
years 1923-1928 in investing earnings in the plant. While Studebaker 
was putting surplus into a plant to manufacture many of the parts usually 
assembled by automobile manufacturers, other companies were assem
bling these parts at lower costs than those of Studebaker. Thus, it 
is evident that the earnings not distributed by the company during 
the six-year period cannot be considered as real earnings, and if future 
earnings are used in the same way, they will not be real.

As it is a common practice of companies to reinvest earnings in plant, 
it is always important to analyze the results of such investments. If 
earnings are increased by this procedure, the practice is sound, but if the 
earnings so invested are unproductive, they are lost to the stockholders.

Stock and Bond Prices in Relation to Earnings.—The history of 
stock and bond prices over a considerable period of years and a com
parison of the prices of individual securities at a given time are necessary 
considerations in making investments. In such studies, it is not the price 
alone that is important; it is the relation of the price to earnings that is 
significant.

In making investments in bonds, other than government issues, the 
number of times the bond interest charges have been earned by the 
company over the past years and the expectations for the current and 
future years are of first importance. Similarly, in considering preferred 
stocks, an investor should ascertain the number of times the dividend 
requirements of each stock have been earned by the respective company, 
and the regularity or irregularity of such earnings in relation to the 
dividend requirements over a period of years. For example, if a bond 
or a preferred stock has a record of earnings which shows that a t least 
twice the interest or dividend requirements have been earned each year 
for the past several years, it is to be expected that such a bond or preferred 
stock will sell on a higher price basis than others which show earnings 
that sometimes fall slightly below requirements.

Common stocks also should be studied from the standpoint of earnings 
Per share in determining the price a t which a certain stock should be 
bought and in choosing the particular stocks that appear to be the most 
favorable for purchase. Exhibit 215 presents the high and the low prices
failed to weather the ensuing depression and, after suffering a loss of 8.7 million in 1932, 
it was placed in receivership on March 18, 1933, and subsequently was reorganized.
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per share of 44 common stocks for the year 1937, together with the 
reported earnings of tha t year on a per share basis. These data are

R a t i o s  o f  S t o c k  P r i c e s  t o  E a r n i n g s — 1937 
44 Representative Common Stocks

Companies
1937 

earnings 
per com

mon share

1937 prices 
per share

Ratios of prices 
to earnings

High Low 1937
High

1937
Low

Agricultural implements:
J. I. Case Co............................................................... $13.44 $191$ $80 14.27 5.95
Caterpillar Tractor.................................................... 5.25 100 40 19.05 7.62
Deere & Co................................................................. 4.91 27 19* 5.50 3.97
International Harvester........................................... 6.24 120 53* 19.23 8.57

Automobile manufacturers:
Chrysler Corporation................................................ 11.96 135* 46* 11.31 3.86
General Motors.......................................................... 4.52 70* 28| 15.60 6.33

Building materials:
Crane Co..................................................................... 3.96 56* 22* 14.27 5.68
Johns-Manville.......................................................... 5.81 155 65* 26.68 11.27
Owens-Illinois Glass.................................................. 3.15 103$ 51* 32.94 16.27
Sherwin-Williams....................................................... 8.65 1541 72* 17.89 8.35

Chemicals:
Air Reduction............................................................. 2.86 80* 44* 28.06 15.56
Monsanto Chemical.................................................. 4.43 107* 71 24.27 16.03
Union Carbide & Carbon......................................... 4.80 111 61* 23.13 12.76

Electrical equipment:
General Electric......................................................... 2.23 641 34 29.09 15.25
Westinghouse Electric.............................................. 8.28 167! 87* 20.24 10.52

Foods:
Beechnut Packing Co............................................... 6.28 114* 901 18.27 14.45
Borden Co................................................................... 1.43 28 16 19.58 11.19
Coca Cola Co............................................................. 5.80 170* 931 29.40 16.16
Corn Products............................................................ 2.52 71} 50* 28.27 20.04
General Foods............................................................ 1.77 44* 28* 25.00 15.89
United Fruit............................................................... 4.26 861 52 20.36 12.21

Machinery and tools:
Allis Chalmers............................................................ 4.79 83* 34 17.43 7.10
Food Machinery Corp.............................................. 4.21 58 27 13.78 6.41
Mesta Machine.......................................................... 4.88 72* 331 14.81 6.92

Merchandise:
Best & Co.................................................................... 3.99 621 29 15.73 7.27
J. C. Penny Co.......................................................... 6.61 1031 57* 15.70 8.70
Sears Roebuck............................................................ 6.00 98 f 491 16.44 8.29
F. W. Woolworth Co................................................ 3.44 65f 34 19.00 9.88

Mining:
American Smelting................................................... 6.65 1051 41 15.90 6.17
Anaconda Copper...................................................... 3.69 69* 24* 18.83 6.64
International Nickel. . . ............................................ 3.31 73f 37 22.17 11.18
National Lead............................................................. .94 44 18 46.81 19.15

Oils:
Atlantic Refining....................................................... 3.51 37 18 10.54 5.13
Continental Oil (Del.).............................................. 2.98 49 24 16.44 8.05
Standard Oil of New Jersey.................................... 6.06 76 42 12.54 6.93
Texas Corporation..................................................... 5.09 65* 341 12.79 6.83

Public utilities:
Consolidated Edison................................................. 2.17 49* 21* 22.98 9.74
Pacific Gas & Electric.............................................. 2.71 38 22 14.02 8.12
Southern California Edison..................................... 2.20 32* 171 14.77 8.07

Steels:
American Rolling M ill.............................................. 2.80 45* 15* 16.16 5.54
Bethlehem Steel......................................................... 7.74 105* 41 13.63 5.30
National Steel............................................................. 9.02 99* 55 11.00 6.10
U. S. Steel................................................................... 8.59 126* 48* 14.73 5.65
Youngstown Sheet & Tube..................................... 7.03 1015 34* 14.49 4.85

E x h i b i t  2 1 5 . — T h e  u se  o f ra t io s ,  s u c h  a s  th o s e  p re s e n te d  a b o v e , f a c i l i ta te s  a n a ly se s  
o f th e  g e n e ra l in v e s tm e n t  s i tu a t io n  a s  w ell a s  th e  p r ic e  ra n g e s ,  in  re la t io n  to  e a rn in g s ,  of 
in d iv id u a l  s e c u rit ie s . {Data from  The Fitch Stock Record, Ju ly  1 ,  1 9 3 8 . )

particularly useful when converted to ratios of the respective high and low 
prices to earnings, as has been done in the columns at the right in Exhibit
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215. These price-earnings ratios are also called “ prices as multiples 
of earnings,” and they show, for example, that J. I. Case Co. common 
stock sold in 1937 as high as 14.27 times the 1937 earnings and as low as 
5.95 times those earnings.

In Exhibit 215, the stocks have been grouped according to industry 
classification, and it is interesting to note that the common stocks of 
companies in certain industries sell on a much higher basis than those 
in other industries. Particularly, it will be observed that stocks of 
chemical, electrical equipment, and food industries usually sell on a 
relatively high times-earnings basis. Within each group, considerable 
variation in the relative prices is also evident, as can be seen by comparing 
the stock of Chrysler Corporation with that of General Motors.

The type of analysis shown in Exhibit 215 can be expanded to show 
a comparison of the price ranges of individual stocks, in relation to the 
earnings, over a period of years. For example, a study of the price- 
earnings ratios of United Fruit Company stock from 1929 to 1936 
shows:

Year High Low

1929 23.4 14.6
1930 24.8 11.0
1931 29.2 7.5
1932 16.5 5 .2
1933 21.4 7 .3
1934 18.6 14.2
1935 26.1 17.0
1936 17.8 13.6

To use this information in connection with a proposed purchase of the 
stock, the earnings of the current year, and prospects for the following 
year, should be considered. If, for example, the stock can be purchased 
at 60, is it high or low in relation to expected earnings? If the current- 
year earnings are estimated at $3.50 to $4.00 per share, at what price 
might it be expected or be possible that United Fruit will sell?

Although accurate estimates of future earnings often cannot be 
obtained, it is essential that the latest and best information be considered 
before buying. Estimates are made for many stocks by the Standard 
Statistics Company, Inc., and are published in the Investors Guide Stock 
Reports. Periodic reports of earnings for many companies are published 

the Standard Earnings Bulletin.1
1 United Fruit Company earnings (preliminary) for the first quarter of 1938 are 

shown at 87 cents per share, as compared with $1.17 in the first quarter of 1937, in 
the July 1938 Standard Earnings Bulletin. However, the July 18, 1938, issue of the
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A further check on expected earnings of the current year can be 
obtained by investigating the earnings records of a company in relation 
to the Federal Reserve Board Index of Industrial Production. If, for 
example, a company earned $2.00 per share in a year when this production 
index averaged 80, it may be reasonable to expect a similar current-year 
result if the current estimate of industrial production for the year is 
approximately 80.

E x h i b i t  216.—An understanding of the differences in the cylical movements of prices 
of stocks and bonds, as shown in the above chart, is fundamental to investment analysis. 
(The Standard Bond Price Index has been converted to percentage relatives.)

In considering stock and bond prices, it is important to note that 
stock prices fluctuate much more widely than bond prices, and that their 
movements do not always correspond in time and in direction (see Exhibit 
216).1 The best time to buy stocks may not be the best time to buy 
bonds and vice versa. For instance, the bond market steadily declined 
during 1928 and most of 1929, so tha t a t the peak of stock prices in 1929, 
bond prices were a t the lowest level in five years. Ordinarily, however, 
the effects of easy and tight money situations are reflected in both stock

Investors Guide Stock Reports estimates that the 1938 earnings for the year will not 
dip badly below 1937 earnings.

1 The stock price index in Exhibit 216 is the Standard Statistics Company’s 
M onthly Industria l Stock Price Index  and the bond price index is this company’s 
Bond Price Index. The stock index is regularly stated in percentage relatives (1926 =  
100) and the bond index is stated in dollars. For the purposes of Exhibit 216 the 
bond index has also been converted to percentages of a 1926 base.
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and bond prices, but with much more pronounced results in stock prices 
for reasons previously explained (note the time correspondence of the 
cyclical dips of 1903, 1907, 1913, 1921, 1923, 1932, and 1937 in Exhibit 
216).

The preceding discussion applies to the stock and bond price situa
tion in general. When specific issues are considered, it is ordinarily 
possible for the investor to shift funds from stocks when stock prices 
are high to certain good bonds which may be purchased on relatively 
favorable bases. Then, when stock prices decline, the funds can be 
shifted back again to carefully selected stocks. I t  is very important in 
making investments to realize that a t all times many stocks and bonds 
are out of line with the average prices. In relation to the average, some 
are overvalued and some are undervalued, and it is necessary to analyze 
carefully the individual issues and select those which can be purchased 
at the most favorable prices.

Computation of Bond Yields.—Investors in bonds do not always 
realize what they are buying for the price that they pay for a bond. For 
example, when a person pays par for a bond he is buying not only the 
right to receive back the principal of the bond at a future date, but he 
is also buying the right to interest payments during the period to m atu
rity. The value of the bond is, therefore, the present worth of the 
principal plus the present worth of every interest coupon. For example, 
if one buys a 5-year 6 per cent bond at par, interest payable semiannually, 
what one really buys is 10 coupons of $30 each and one coupon of $1,000. 
Obviously, money due six months to five years hence is not worth par 
to-day. One would not pay $300 for these 10 coupons and $1,000 for 
the principal, or a total of $1,300 for this bond now. W hat one really 
does in buying this bond is to discount these 10 little promissory notes 
and the one big promissory note and figure them at to-day’s value, 
which is as follows:

29.13 for first coupon, due in 6 months 
28.29 for second coupon, due in 12 months 
27.45 for third coupon, due in 18 months 
26.65 for fourth coupon, due in 24 months 
25.88 for fifth coupon, due in 30 months 
25.12 for sixth coupon, due in 36 months 
24.39 for seventh coupon, due in 42 months 
23.68 for eighth coupon, due in 48 months 
22.99 for ninth coupon, due in 54 months 
22.33 for tenth coupon, due in 60 months 

and 744.09 for the principal due 5 years hence.
$1,000.00 for the 10 coupons and principal.

In brief, when one buys on March 1, 1938, a 6 per cent bond due 
March 1, 1943, one really pays
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$744.09 for the principal 
and 255.91 for the coupons or interest.

SI ,000.00 for the bond.

I t may seem strange that in many bonds the present worth of the 
interest exceeds the present worth of the principal. This is true of most 
bonds with a m aturity of over 12 years, and of all bonds with a m aturity 
of over 20 years. For example, a 20-year 6 per cent bond purchased at 
par of $1,000 at date of issue is worth $693.44 as to interest coupons 
alone, and $306.56 as to principal. T hat is, in paying $1,000 one is pay
ing over two-thirds of this amount for the right to receive interest semi
annually for 20 years and only one-third for the right to receive back the 
principal. This illustrates the importance of considering the earning 
power of a concern when buying bonds as well as when buying stock. 
An even more striking example in the case of bonds is afforded in the 
West Shore First 4’s, due in 2361. The present worth of the entire prin
cipal of $1,000,000 of these bonds is now approximately $.06. T hat is, 
$1,000,000 due in 423 years is worth to-day, on a 4 per cent basis, com
pounding semiannually, only six cents.

Safety of Principal and Income.—Safety of principal and income has 
been emphasized throughout the preceding discussion, but it is believed 
that it is well to point out again some of the important factors in this 
connection. I t has been estimated by the Federal Trade Commission 
that $500,000,000 per year are paid for worthless securities. With all 
of the protection that is provided by the government and private institu
tions, these enormous sums are lost annually because the investors have 
not made sufficient checks regarding the safety of their investments. 
Every investor will, of course, decide for himself how much information 
he should get and from what sources he will get it. But, on the whole, the 
type of information which comes to investors in the form of advertising 
or in connection with selling effort is likely to be of the type that should 
be investigated and compared with other securities which are not being 
pushed, before an investment is made. On the whole, the best stocks 
and other types of investments are not conspicuous. If any one is 
making an unusual effort to sell a certain security, it is usually because 
of the large commission which he himself will make, rather than because 
of the desire to furnish the investor with the best security that he could 
select.

Diversification.—Most investors recognize the necessity of diversify
ing investments in order to reduce their risk. This applies with equal 
force to large and small investors. This principle, of course, should 
not be carried too far, as it is possible for investors so to diversify their 
investments that they cannot give sufficient attention to each one. But 
if an investment is spread over some 10 or 20 carefully selected securities,
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it is usually safer than if the entire investment is placed in one security, 
even though the care given to its selection is equal to the aggregate used 
in the diversified selection.

Questions and Problems

1. In making investments, why is it important to have definite statistical facts 
regarding the companies whose securities are under consideration? Is investment 
success to be attained by constant shifting of stocks or bonds, or by holding them for 
relatively long periods?

2. How would you distinguish between investment and speculation?
3. Should all people undertake the same risks? How would you determine the 

risk suitable to the individual?
4. What are three points of view from which analyses and investigations may 

be made in investment studies?
5. Describe briefly the different classes of corporation securities. Are all eauallv 

desirable?
6. Explain the classification of bonds on the three bases of (1) purpose to be 

accomplished, (2) security of principal, and (3) payment of interest and principal; 
and name common bond titles under each classification.

7. What characteristics determine the attractiveness of various government, 
state, and municipal bonds?

8. How can the value and priority of the security for corporation bonds be 
determined? Why is the ratio of net income to interest expense important in choosing 
a corporation bond investment?

9. What are the relative advantages and disadvantages of preferred and common 
stocks? Are they better than bonds as investments?

10. In buying a security of a certain company, what would you need to know 
concerning the capitalization of that company? In buying a certain common stock, 
‘s it more desirable that there be bonds outstanding, or that there be no claims prior 
to the given stock purchased? Discuss.

11. What are the disadvantages of real estate mortgages as forms of investment, 
and what are the risks in making this type of investment?

12. What is meant by a “ listed” stock? Are all listed securities actively traded
1,1 ? Is it better to buy extremely active securities, inactive listed securities, or 
moderately active issues? Discuss.

13. What are some of the best sources of data on stocks and bonds?
14. Explain “ investing in relation to long-time or cyclical swings.”
15. Describe briefly the Dow-Jones Index of stock prices, the New York Times 

Index, and the indexes of the Standard Statistics Company.
16. Name 11 principal factors to be studied in investigating the company whose 

•ssues are under consideration.
17. Why is it necessary, in investment analysis, to consider the nature of the 

lr>dustry to which a concern belongs?
18. Why is it important to check up on the management?
19. Of what interest are the markets for a concern’s products in connection with 

analyzing its securities?
20. Of what significance is the location of an enterprise?
21. How should capital structure and ownership be considered when studying a 

firm's stocks or bonds?
22. To what extent does the security of an investment depend upon the growth 

and stability of an enterprise?
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23. Discuss the analysis of financial statements.
24. Explain the 100 per cent or common-basis statement.
25. What are eight important ratios that are used in analyzing financial state

ments? Explain each. . , _
26. In analyzing earnings statements, what items of expense are particularly

important? , . .
27. Why is it important to note the results of reinvestment of earnings ol a com

pany? Does the amount of earnings always increase when earnings are put back
into the business?

28. Discuss “ reality of earnings” from two points of view.
29. Discuss the importance of analyzing stock and bond prices and dividend 

policies. What ratios are valuable in such studies?
30. Are bond and stock prices affected in the same manner by changes in the

business cycle? Explain. , .
31. In buying a bond due in 100 years, is the ultimate value of the security back

of the bond as important as the earning ability of the assets?
32. How does a premium paid affect the bond yield?
33. Does the public often buy poor or worthless securities? Discuss.
34. Is diversification of investments advisable? Why?
35. On the basis of a careful analysis, make a recommendation for investing

$ 10,000 of your own funds.
36. From the point of view of making long-swing investments, analyze the common 

stock of the following companies: American Can Company, Bethlehem Steel Com
pany, General Electric Company, General Food Corporation, G e n e r a l  Motors 
Corporation, International Harvester Company, National Biscuit Company, Standard 
Oil Company (New Jersey), United States Steel Corporation, American Telephone 
and Telegraph Company, and Atchison, Topeka and Santa Fe Railway Company.

CHAPTER XXIV

STATISTICS IN BANKING

Banks feel the effects of the conditions in many kinds of business and 
constantly need information as to the trend in a wide range of activities. 
They are intimately interested in the success of their depositors and 
borrowers, and are often able to help them substantially by furnishing 
them with important information through their statistical departments. 
Many banks now have statistical departments within their organizations 
for the purpose of gathering and analyzing information, not only on their 
own internal operations, but on general business conditions and on any 
line of activity in which they might be directly or indirectly interested.

It will be the purpose of this discussion to point out some of the more 
important ways in which statistics are used in banking. The point of 
view in this chapter will not be that of the bank alone. I t is the aim 
not only to point out how the banker uses statistics in operating his bank, 
but also to indicate how the client uses statistics in connection with his 
tanking problems. Obviously, the limited scope of this discussion will 
not permit going into great detail. This introduction to the subject, 
jowever, should indicate or suggest many possible uses that are not 
discussed.

Scope of a Bank’s Statistical Work.—As indicated above, the statis
tical work of a bank covers a very wide range of information, of value 
'»ot only to the bank itself but to the bank’s clients. This work includes 
the collection of data and their analysis in determining the condition of 
the cycles in general business and in different lines of business. It 
mcludes the collection of information on, and the analysis of, population 
and purchasing power, production methods, labor conditions, commodity 
markets, real estate situations, and investments. Furthermore, it 
covers the analyses of individual concerns’ markets and internal condi
tions, as shown by financial statements and other data. And, finally, it 
includes the analyses of the bank’s own internal condition in relation 
to the preceding factors.

The work of a bank’s statistical department requires that it  con
stantly watch statistical publications of the Federal, state, county, city, 
and foreign governments; of commercial, trade, and other associations; 
and of private organizations. This material must be indexed and filed in 
•Such a manner that it can be referred to on a moment’s notice if demanded
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later. The proper use of such sources requires a good knowledge of 
their relative validity. Data of current interest must be analyzed and 
presented as soon as possible to the proper officials. Some statistical 
departments make a daily digest of the contents of a number of daily 
papers and other current sources of information, and these digests are 
distributed throughout the bank for the information of the officers. Any 
information which the statistician knows is of immediate interest to 
an officer in the bank is dispatched to him at once and with comments if 
necessary.

Bank’s Interest in Customers’ Success.—Since a bank’s success 
depends to a large extent upon the success of its clients, it naturally 
follows that it is anxious and willing to help its clients in every way 
possible. One way in which a bank is in a good position to furnish valu
able assistance is in giving advice in connection with problems that can 
be solved on the basis of superior statistical information. While most 
of the information gathered is of direct interest to the bank, much of it is 
for the use of the bank’s clients only, and often the bank will prepare a 
special report for an individual client. By gathering the information 
of common interest on a wholesale basis, the bank is able to serve many 
clients. Probably but few individual business concerns could afford to 
gather the information for themselves, but by distributing the cost over a 
large group, the cost per client is low. The compensation that the banks 
receive for their services in furnishing information is represented by 
increased business from its clients. There is no direct charge, and, as 
far as the client is concerned, this service ordinarily costs him nothing. 
Many banks are equipped to furnish a rather complete statistical service, 
and the client who does not take advantage of it is missing a valuable 
opportunity.

I t should also be pointed out, however, that banks frequently find 
themselves doing an amount of service for a customer that is hardly 
justified. The question of the extent to which a bank is justified in 
analyzing a customer’s business is, of course, a very difficult one to decide. 
It undoubtedly would be a fairer procedure if a bank would require a 
customer to pay for a specialized analysis, particularly if a large or doubt
ful line of credit is involved. Nevertheless, competition between banks 
tends to force them to make such analyses at their own expense.

The Bank’s Obligation.—Banks are ordinarily looked up to in a 
community as the best advisers regarding financial and other business 
conditions—not only of the community, but of the individual concerns 
in the community. Since the banks ordinarily expect to enj oy the respect 
of their clients and others in the community because of their superior 
judgment regarding economic matters, it becomes a duty and obligation 
of these institutions to collect accurate information, make sound analyses,
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and apply the results of their findings in such a way that the business of
community will tend to be stabilized along sound lines. If the banker 

appreciates the true situation of the business cycle and regulates the 
granting of credit upon a scientific basis, he can do much to reduce unem- 
P oyment and the other bad effects of periods of extreme depression.

In order, however, to make the skillful analyses required above, the 
banker must use scientific methods in finding the facts and in analyzing 
them. Some banks still use such inflexible methods of analysis as the 
" : 1 ̂ ratio of current assets to current liabilities, regardless of the type of 
usiness, the kinds of goods, or the position in the business cycle. If the 

business is an old established retail store selling staple food commodities 
its risk is quite different from that of the real estate concern promoting 
an outlying subdivision. Luxuries and style goods fluctuate to a much 
greater extent than staples. Finally, a 2:1 ratio in a period of depression 
'night be much safer than necessary, whereas a 2:1 ratio in a period of 
Prosperity might be extremely dangerous, as explained in the preceding 
chapter. &

It is, ol course, relatively simple for a bank to be so conservative that 
i never takes any chances, but in such an instance, the bank is not ful- 

1 mg its obligation to the borrower by furnishing him funds in the proper 
’elation to his business. A commercial bank loan system should be fair 
to the borrower as well as to the lender—that is, the bank should be in 
Position to give the assets of the borrower the highest possible rating 
commensurate with the safety of the lending institution. This is the 
only fair procedure. From the point of view of sound economic develop
ment, it is just as objectionable for the borrower to be granted less 

than that to which he is entitled, as it is for the bank to lend excessive 
amounts.

The banker requires accurate data and analyses in order to render
mwu'e that 18 fair t0 a11 concemed. He must have accurate information 

i the integrity of the borrower; the ability of the borrower to repay; 
he type of business; the kinds of goods and the markets for them- the 
mount and condition of assets and liabilities; and management policies, 
nci, finally, he must have an appreciation of trends, and cyclical, seasonal 
m  random movements in the individual concern, in the industry and in 

°Usiness in general.
Obviously, the use of statistics is imperative in analyzing the pre- 

e mg factors. In such analyses, of course, statistics can never take the 
Place of good judgment, but they can be of great aid in helping bankers 

improve the accuracy of their decisions.
Practically all of the surveys and analyses discussed in the preceding 

apters are of direct as well as indirect value to banks. Their applica
nt eariying on the business of a bank will now be discussed briefly.



598 B U S IN E S S  S T A T I S T I C S

Business Forecasting.—No group of business men has a greater inter
est in what business conditions are likely to be than the bankers. I t  is 
particularly important tha t they do not lend too much when business is 
dangerously inflated. I t is a general rule that in periods of depression 
many banks fail because they have not correctly analyzed the general 
business situation, or the conditions in the overexpanded individual 
concerns to which they have made loans that cannot be repaid.

To no class of business men is it more important that business be 
stabilized and that booms do not develop than it is to the bankers. When 
difficulties develop after a period of overexpansion, loans cannot be paid 
to the bank and, a t the same time, the depositors demand their money. 
Such a situation often places a bank in a position from which it cannot 
recover. This, incidentally, indicates again why banks find it good busi
ness to furnish information on business conditions. Not only is it to 
the bank’s interest to keep from overexpanding its own business in a 
period of inflation, but it is also of direct interest to the bank to do what 
it can to keep its clients from overexpanding.

Population and Purchasing-power Statistics.—Population and pur- 
chasing-power data are of great importance to banks in analyzing 
fundamental conditions, and they are also of distinct value for special 
purposes, such as determining locations for branches. If a community 
has a rapid rate of growth, the situation is favorable to the expansion 
of the business tha t depends upon local conditions, and this, in turn, is 
favorable to the expansion of a bank’s business. If a community ceases 
to grow, much of the financing which would otherwise be necessary will 
not be required. To be of greatest value to a bank, population data 
should include non-permanent residents as well as permanent by various 
classifications, and the figures should be up to date, especially if a com
munity is changing rapidly in size. Appreciating the value of such 
data, banks in some instances have taken a very active interest in improv
ing the accuracy of estimates of both population and purchasing power.

Production and Labor Statistics.—Though banks often keep and 
analyze data upon their own production and labor problems, the greatest 
use made of production and labor statistics is in connection with analyzing 
the situations of their clients. These data (discussed in detail in Chapter 
XX) are important in connection with determining the position of an 
industry, the position of a client in the industry, and in connection with 
helping the client solve his own problems. The bank, of course, ordi
narily does not make the production studies for the client, but its under
standing of production data enables it to analyze the client’s position 
with greater accuracy, and it can often assist the client by making helpful 
suggestions.

Marketing Analyses.—In making loans, it is of utmost importance, 
if the bank is to be of greatest service, that it know something about
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general marketing conditions and about the special conditions of its 
client’s market. If the market for a client’s product is well established 
and sound, the client is obviously a much better risk than one whose 
market is erratic and doubtful.

Many examples could be cited showing the importance of market 
analyses to banks. Careful analyses of the market for farm products in 
1919 would have saved many middle-western banks, as well as the farmers 
themselves, from failure in the depression of 1921. In one instance, an 
analysis of a certain market for cement saved a bank from making an 
unsafe loan and this, in turn, undoubtedly saved the manufacturer from 
having the losses that would have resulted had he expanded into that 
territory. Another analysis made of the market for a new type of insu
lating material showed that it would be impractical for the manufacturer 
m question to undertake the venture, and it is believed tha t this knowl
edge not only kept the bank from making an unwise loan, but kept the 
manufacturer from entering into a doubtful undertaking. The preceding 
discussion applies principally to domestic markets. Some of the larger 
banks are able to be of still greater assistance in connection with inter
national markets, and can give the prospective exporter or importer 
much valuable information on foreign trade.

Real Estate Analysis.—Practically all banks and mortgage houses 
are deeply interested in real estate conditions. If they are not lending 
directly upon the security of real estate, or if they do not own real estate 
themselves, they are a t least interested in the security of their clients’ 
real estate holdings, and in the effect that real estate conditions may 
lave upon general conditions in the locality. I t  has often happened 
that the increase in the assets of an industrial or merchandising concern 
has been largely in the write-up of the realty values, and it is of utmost 
'mportance to the bank making loans to such concerns to know whether 
°r n° t these increases are real, and fundamentally sound in relation to 
the long-time trend. This was especially true during the 1920-1930 
decade because of the widespread real estate speculation. In some com
munities, there have been sound and steady increases in realty values, 
and in the income which has been realized from the sound use of real 
estate. In other communities, inflationary booms have left them carry
ing tremendous overhead burdens in the form of investments in unpro
ductive property, which has an unfavorable effect upon, not only banks, 
>ut all lines of business. Probably no class of business men is giving 

greater attention to analyzing the ups and downs in real estate activity 
than the bankers.

Investment Analyses.—All that has been said previously (Chapter 
-KXIII) regarding the analysis of investments is of vital interest to 
jankers. Not only must the bank know how to invest some of its own 
unds, but it is often called upon to give advice to investors as part of its



600 B U S IN E S S  S T A T I S T I C S

business. I t  must often make loans with securities as collateral, and it 
must also extend loans to concerns which have portions of their assets in 
various types of investments. This point will be considered at greater 
length in the discussion of credit analysis.

The Line of Credit.—Business concerns should ordinarily arrange in 
advance for adequate .bank loans. The more conservative managers 
usually arrange for credit in excess of the probable maximum amount that 
they expect to require. If a concern’s general credit standing is satis
factory, it may be granted a single loan or it may be granted “ a line of 
credit.” Banks use many types of methods in determining what a 
concern’s line of credit should be. Definite statistical information upon a 
concern’s condition, however, is a very valuable aid in credit analysis.

In granting a line of credit, the bank ordinarily imposes certain con
ditions upon the concern. Important among these are the reports that 
the concern is required to make regarding its financial condition and 
any other situation upon which the bank may wish information for use in 
determining whether or not the line of credit should be granted or 
changed. Furthermore, the condition of the bank itself may change so 
that it is necessary to revise the concern’s line of credit. Such a situation 
is often forced upon a bank by changes in business conditions. In such an 
instance, adequate information on business conditions is not only neces
sary to the bank in relation to its own operations, but it is also valuable 
for the purpose of showing a client the reason for curtailing his line of 
credit.

Credit Analysis.—The actual work of making credit analyses of 
individual concerns is usually a duty of the bank’s credit department. 
The bank’s statistical department furnishes much valuable data which are 
useful in this connection, but detailed statistics on the individual concern 
are usually collected by the credit department directly.

Keeping the officers of a bank informed as to the standing of its 
borrowing customers is a very important duty oi the bank s credit 
department. Credit files must be revised frequently, and the changes 
in customers’ standings must be noted accordingly in order that any 
questions can be answered promptly. While, in this discussion, the 
emphasis is being placed upon statistical data, it should be appreciated 
that the credit department uses all kinds of information from many a n d  

various sources. Some banks have even gone so far as to have their 
credit departments carry on investigations concerning prospects before 
they solicit their accounts. When the information that a credit depart
ment is obtaining regarding a client shows tha t his condition is more 
favorable than it was formerly, the bank can increase the customer’s 
credit limits if requested, or any doubt that may have existed regarding 
the present limit may be removed. If, on the other hand, it  is shown
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that the customer’s situation is less favorable, it may be necessary to 
decrease the credit limit, discontinue the account, or have a confidential 
discussion with the client which will clear up the situation. In all such 
instances, it is the work of the credit department to provide the necessary 
data for the guidance of the bank’s officials in making their decisions.

The larger the bank, the more difficult it is and the more complicated 
it is to gather the necessary credit information and to keep it in proper 
order. In small banks, complicated records are usually not kept, and the 
cashier may rely upon his personal knowledge of the customers and his 
general knowledge of the business situation to furnish him the necessary 
credit information. In large banks, however, personal contacts and 
general information are not sufficient, and an elaborate system of collect
ing and filing statistical and other credit information becomes a necessity, 
if the bank is to operate on a sound basis, and at the same time furnish 
the maximum of service that is consistent with the situation of the 
specific concern and the general condition of business.

Information Required from Borrowers by Banks.—The nature of the 
Principal statistical and other items required by a bank when a loan is 
desired is indicated in the following list:1

1. Kind of business—type of business organization—and names of owners and 
managers.

2 . An up-to-date balance sheet, and balance sheets for the preceding few years, 
W possible.

3 . Income statements for the same period.
4. The average inventories carried, valued at cost and at market.
5. The amounts of notes and accounts receivable by dates due.
6. A schedule of investments showing dividends or interest payments and the 

Present market values.
7. A statement of any notes receivable, accounts receivable, or merchandise 

which may be placed as security for indebtedness.
8. Explanation of unusual balance-sheet items.
9 . A statement of the seasonal variation of the liabilities of the borrower.

10. A description of the client’s methods of borrowing, other lines of credit, etc.
11. A statement of all types of insurance carried.
12. A complete description of the methods of handling depreciation and obso

lescence, with the rates and the manner of computation.
13. A description of the policy followed in disposing of the earnings of the business.
14. An analysis of surplus indicating what disposition is made of it.
15. A description of the ownership of real estate and leases.
16. A description of construction plans and how projects are to be financed.
17. Description of other business interests of the owners and managers of the 

borrowing company.
18. An analysis of the relations with, and conditions of, subsidiary companies.
19. An analysis of the concern’s unfilled orders.

1 Abstracted in part from “ Financial H a n d b o o k ,T h e  Ronald Press Company, 
New York, 1925, pp. 1198-1200.
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20. Analysis of the borrower’s market in general.
21. A market analysis of the borrower’s products and selling policies.
22. An analysis of the relation between labor and management.
23. An analysis of trends, seasonal variations, and cycles in production and sales.
24. An analysis of the probable effects of business conditions on the concern’s 

business.

If the bank has the preceding information, it has a basis for judging 
whether or not the borrower will be able to repay a loan at maturity. 
And it knows whether the loan must be secured or whether it may be 
unsecured. I t also has a good index of managerial ability, which is a very 
important consideration in granting credit. The character of the individ
ual managers, the political situation, climatic conditions, and the geo
graphical location must also be considered along with the preceding 
information, as they have an important bearing upon the interpretation 
of the foregoing list of items in determining whether or not a loan should 
be granted.

Analysis of Borrower’s Statements.—A bank requires financial 
statements from a borrower for use as an aid in determining the risk 
involved. For this reason it is also important that the borrower know 
what constitutes a good financial statement in order that he may present 
a good case when he requests a loan. Of course, the most careful and 
complete analysis of a financial statement cannot cover the whole risk, 
because factors other than those shown in such a statement may entirely 
offset a poor or good financial showing. In a pamphlet issued by a 
national organization of bank credit men, it is estimated that on the 
average the financial strength displayed by the borrower’s statement 
affects about 40 per cent of the credit decision; the economic risk, which is 
the effect upon a business of general economic conditions, affects about 20 
per cent of the credit decision; and the moral risk, which covers both 
integrity and all phases of ability, probably affects about 40 per cent of 
the credit decision. These three elements, with the relative importance 
indicated, cover the whole analysis of the risk and make up the total of 
100 per cent of the credit decision.1

Eight ratios which are helpful to banks in analyzing financial state
ments have been discussed in the preceding chapter. The ratio of quick 
assets to current liabilities is commonly used by banks in analyzing 
borrowers’ statements. When properly interpreted in relation to the 
kind of business, type of commodity, and condition in the business cycle, 
this ratio indicates how well the borrower can meet his current obligations

1 From a pamphlet entitled “ Financial Statem ents” issued by the Robert Morris 
Associates (the national organization of bank credit men). See also Alexander Wall 
and Raymond W. Duning, “ Ratio Analysis of Financial Statements,” especially 
Chaps. I and X II, Harper & Brothers, New York, 1928.
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even if an emergency arises. The point of safety of this ratio varies 
widely from one business to another and from one period in the business 
cycle to another. For instance, a concern handling principally women’s 
style goods in a period of prosperity should have quick assets amounting 
to several times the current liabilities, while a concern handling staple 
food commodities in a period of depression may have a ratio less than 
2:1 and be safe. Proper interpretation of this ratio, however, requires 
several other supplementary ratios.

The worth-to-debt ratio, secured by dividing the net worth by the 
total debt, shows the balance between the source and the ownership of 
the funds being used in the business. As the debt increases in relation 
to the funds invested by the stockholders, the company becomes more 
dependent for working capital upon its creditors and more susceptible 
to the conditions of depression. The lower the ratio, the more the 
owners must rely on their moral risk, and anything that will raise a 
question regarding the moral risk may result in disaster to the firm. 
If, over a period of time, this ratio is declining, it indicates that the con
cern is becoming weaker. If it is rising, it indicates increasing strength.

The worth-to-fixed-assets ratio, which is secured by dividing the net 
worth by the fixed assets, indicates the dollars of net worth or stock
holders’ investment for every dollar of fixed assets. The margin above 
100 per cent indicates the proportion over and above the fixed capital 
investment that the stockholders have provided as active working 
capital possible of investment in liquid assets. If this ratio shows a 
tendency to increase over a period and is well above 100 per cent, the 
bank knows that the client’s situation is favorable as far as this ratio is 
concerned. If the ratio has been declining and is not well above 100 
Per cent, the bank knows that it must investigate the risk more closely 
m order to determine whether or not it is advisable to make the loan.

The ratio of merchandise to receivables (merchandise inventory 
divided by the total of accounts and bills receivable) indicates the dollars 
of merchandise that there are for every dollar of receivables. Among 
other things, this ratio indicates to the bank whether or not there is a 
greater or less amount proportionally of profits figured as part of the 
current assets.

The ratio of sales to merchandise (net sales divided by the total 
merchandise inventory) gives the dollars of sales for every dollar reported 
as inventory. From this ratio, the banker knows something about the 
freshness and salability of the merchandise, and it is particularly impor
tant as a means of indicating an overinventoried condition or an accumu
lation of stale merchandise.

The sales-to-receivables ratio (net annual sales divided by total 
accounts and bills receivable) indicates the dollars of sales per year for
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every dollar classed as receivables. The higher the amount of the sales 
for every dollar still uncollected, the greater will be the liquidity of the 
receivables. As this ratio rises, the length of the collection period 
decreases and the banker knows that the period of risk through bad 
debts is shortened and that the danger from possible credit troubles is 
decreased. The higher the ratio, within reasonable limits, the more 
desirable are the receivables.

The sales-to-fixed-assets ratio (net sales divided by net total fixed 
assets) indicates the dollars of net sales for every dollar invested in plant 
or other non-liquid assets. The banker uses this ratio in analyzing the 
comparative gross earning capacity of the plant investment.

The sales-to-worth ratio (net sales divided by the net worth) shows the 
dollars of sales for every dollar of stockholders’ invested capital, ih is 
ratio serves the banker as a valuable check upon the management. If 
the money placed in the business by the stockholders is turned over too 
slowly, it may indicate a distinct lack of progress. On the other hand, 
if the ratio is too high, it may indicate that the company is going ahead 
too fast for its capital investment, and that it might be in difficulties, 
should business conditions become unfavorable.

To be of greatest significance, the above ratios should be computed 
and compared over a period of time. The trends and tendencies shown 
are often more important than the actual position indicated at a particular 
date. Trends, seasonal variations, cycles, and random movements 
in the individual concern should be carefully considered and compared 
with indexes of general business conditions in the area concerned.

The above discussion indicates the importance of the borrower’s 
financial statement to the banker. Obviously, it is important that the 
client thoroughly understand the interrelations of the items in his state
ment, not only in order that he can make every effort to have his business 
in such a condition that his statement will be favorable when he applies 
for a loan, but also in order that he can conduct his business along sounder 
lines than he could without making such analyses.

Analyzing a Bank Statement.—Bank-statement analysis is of wide
spread interest and significance. Not only must a bank watch its own 
condition and the condition of other banks with which it does business, 
but the client must also watch the condition of his bank from the point 
of view of his own safety.

Aside from the specific personal interest in particular institutions 
indicated above, it is also quite necessary to analyze bank statements in 
connection with determining general money and credit conditions in a 
community. The importance of studying the money and credit situ
ation in analyzing general business conditions has been emphasized 
previously.
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O w ing to  th e  req u irem en ts o f s ta te  an d  F ed era l b a n k in g  law s, b an k  
s ta te m e n ts  are m ore rea d ily  a v a ila b le  th a n  th o se  of m o s t  o th er  in s t itu 
tions. S ev era l t im e s  a y ea r  th e  C om p tro ller  o f th e  C u rren cy  ca lls  for a 
s ta te m e n t fro m  a ll n a tio n a l b an k s. A t th e  sa m e tim e , th e  s ta te  ban k  
exam in ers o rd in a r ily  ca ll for a s ta te m e n t  also. T h e  ca lls  co m e w ith o u t  
w arn ing , a n d  th e  d a te  for w h ich  th e  s ta te m e n t  is  to  b e  m a d e  is  o rd in ar ily

THE NATIONAL CITY BANK OF NEW  YORK
INCLUDING DOMESTIC AND FOREIGN BRANCHES

Condensed Statement of Condition as of March 31, 1938
ASSETS

Cash and Due from Banks and Bankers............................................  ,$ 634,261,100.79
United States Government Obligations (Direct or Fully

Guaranteed)............................................................................................  370.621,979.70
State and Municipal Bonds.................................................................... 106,417,185.73
Other Bonds and Securities....................................................................  116,710,578.15
Loans, Discounts and Bankers’ Acceptances....................................  569,370,705.22
Customers’ Liability Account of Acceptances................................... 13 ,032,603.85
Stock in Federal Reserve B ank............................................................. 3 ,675 ,000 .00
Ownership of International Banking Corporation (Including

Paris Office)............................................................................................. 8 ,000 , 000.00
Bank Premises............................................................................................  49 ,685 ,947 .85
Other Assets................................................................................................  13,651,097.71

T otal.......................................................................................................... S I ,885,426,199.00

LIABILITIES
Deposits........................................................................................................  $ 1 ,694 ,472 ,206 .09
Liability as Acceptor, Endorser or Maker on

Acceptances and B ills.......................................... $46,141,933.27
Less: Own Acceptances in Portfolio............ 14 ,952,636.89 31 ,189 ,296 .38

Items in Transit with Branches............................................................  10,315,190.11
Reserves for:

Unearned Discount and Other Unearned Incom e.......................  3 ,608 ,182 .89
Interest, Taxes, Other Accrued Expenses, e tc .............................. 8 ,117 ,390 .27
Dividend................................................................................................... 1 ,550 ,000 .00

Capital..........................................................................  $77,500,000.00
Surplus.......................................................................... 45 ,000 ,000 .00
Undivided Profits......................................................  13 ,673,933.26 136,173,933.26

T otal............................................................................................. SI ,885 ,426 ,199 .00
Exhibit 217.—A condensed statement of a bank’s condition.

a few  d a y s  earlier  so  th a t  th ere  is  n o  o p p o r tu n ity  to  a lter  th e  book s. 
T h at is, a  ca ll m ig h t co m e in  on  M arch  5 for  a s ta te m e n t  a s o f M arch  ]. 
These ca ll s ta te m e n ts  are req u ired  b y  la w  to  b e p u b lish ed . A  con d en sed  
s ta te m e n t is  u su a lly  p u b lish ed  for  th e  in fo rm a tio n  o f th e  gen era l pu b lic . 
And for th e  p u rp oses d iscu ssed  in  th is  ch ap ter , a  co n d en sed  s ta te m e n t  is  
U sually th e  m o s t  c o n v e n ie n t an d  is  o th erw ise  sa t is fa c to r y . A  rep resen ta 
tive  co n d en sed  s ta te m e n t  is  illu s tr a te d  b y  E x h ib it  217 . D a ta  for  
d eterm in in g  th e  a v era g e  c o n d it io n  o v er  p a s t  p eriod s b y  s ta te s , co u n ties ,
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and cities may be obtained from the annual reports of the Comptroller 
of the Currency and from the reports of the state banking departments.

Whether a commercial bank statement is analyzed from the point of 
view of the bank or the point of view of the client, one of the more impor
tan t considerations is the relative liquidity of the assets. In other words, 
one should know the condition of the bank’s assets in relation to how well 
it can meet its immediate obligations, which under normal conditions 
should be mostly deposits payable on demand. To determine this, 
requires the answering of a number of questions, and foremost among 
these is whether or not the bank is maintaining a sufficient reserve.

Reserve.—The term “ reserve,” as it is used in banking, refers to 
cash or its equivalent. The “ legal reserve” of a national bank can 
consist only of deposits in the Federal Reserve bank. The “ actual 
reserve” includes, in addition to the Federal Reserve bank deposit, the 
cash in the vault, and deposits in banks in reserve or central reserve 
cities. “ Demand deposits” include all deposit accounts subject to 
check, demand certificates of deposit, outstanding certified checks, and 
outstanding cashiers’ checks. The total of the actual reserve should be 
compared with the total of demand-deposit obligations. While the 
actual reserve is a much smaller figure than total deposits, it should be 
large enough to care for any demands that may be made. The propor
tion depends somewhat upon how liquid the other assets are, and upon 
economic conditions in general. An indication of the normal position 
to be maintained may be gained by considering the average of a large 
number of banks. D ata compiled from the annual report of the Comp
troller of the Currency show that on June 30, 1928, the actual reserve 
for 7,691 national banks was approximately one-third as large as the total 
demand obligations. The same report shows that the combined actual 
reserve of 15,078 state (commercial) banks was also approximately 
one-third as large as the combined demand obligations. Similar com
pilations for these two classes of banks, made as of June 30, 1921, also 
show practically the same relation. During the last few years, however, 
the situation has been very unusual, and reserves have been exceptionally 
large in relation to deposits. Obviously, the cash reserve that a bank 
should maintain in times of depression should be as large, if not larger, 
than in times of prosperity. But if this proportion runs much below 
one-third in a commercial bank, one should take immediate steps to 
determine whether or not the condition is serious. Such an investigation 
should indicate the steps that should be taken.1

1 In the above computation, “ total actual reserve” includes “ due from banks,” 
“ lawful reserve with Federal Reserve bank,” “ checks and other cash items,” 
“ exchanges for clearing house,” and “ cash on hand.” “ Total demand obliga
tions” includes “ due to all banks,” “ certified checks and cashiers’ checks,” “ d iv id e n d

S T A T I S T I C S  I N  BA NK IN G 607

A national bank’s lending power depends upon the ratio of its reserve 
to its net demand deposits. According to the statutory requirements, 
the Federal Reserve bank deposit for a country bank should be 7 per cent 
of the net demand deposits; for a reserve city bank, 10 per cent; and for a 
central reserve city bank, 13 per cent. The bank must also carry a legal 
reserve of 3 per cent against its time deposits, which are the deposit 
accounts and certificates payable in 30 days or more. The Board of 
Governors of the Federal Reserve System, however, has the authority 
to increase these requirements up to twice the percentages given. (In 
August 1938, the requirements for net demand deposits were 12 per cent 
for country banks, 1 7 ^  per cent for reserve city banks, and 22% per 
cent for central reserve banks. For time deposits the requirements 
were 5 per cent.)1

Deposits.—In the preceding discussion of a bank’s actual reserve, 
it is necessary to consider the deposit accounts, because these deposits 
represent the claims that the assets must be in condition to meet. The 
bank’s primary responsibility is to its depositors, and it must be prepared 
to pay them in full the funds tha t it holds for them. The establishment 
of the Federal Deposit Insurance Corporation does not relieve banks of 
this responsibility. “ Deposit insurance is only an assurance to the 
public that the banks will discharge their responsibility to depositors, 
and deposit insurance could not succeed if the banks neglected this 
responsibility.” (Deposit insurance covers only deposits of $5,000 or 
less.)2 I t  is not correct to say that the lending power of a bank is repre
sented by the sum of its time and demand deposits, plus its outstanding 
notes and net-worth items (capital stock, surplus, and undivided profits). 
The deposits are offset partly by the loans that the bank has already made 
and therefore represent partially used lending power. The strength or 
soundness of a bank cannot be gaged by the volume of deposits or by 
the total resources. Deposits represent the bank’s liabilities, and if they 
increase as a result of loans, the bank’s position will grow weaker. To a 
bank, deposits are the same as accounts payable are to a commercial 
concern, and the bank’s strength should not be judged by its volume of 
deposits any more than the soundness of a commercial concern can be 
judged by its accounts payable. Of course, the bank’s position becomes

checks outstanding,” “ individual deposits subject to check,” “ demand certificates of 
deposit,” “ state, county or other municipal demand deposits,” and “ other demand 
deposits.” When “ net demand deposits” are used, balances due from banks other 
t-han the Federal Reserve bank and foreign banks, “ our checks,” and checks on other 
banks, including clearing house exchanges, are deducted from the gross figure.

1 See the Federal Reserve Bulletin, p. 715, August 1938.
2 See G o l d e n w e i s e b ,  E. A., “ The Function of Deposit Banking,” Journal of the 

American Statistical Association, p. 303, June 1938.
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stronger if the deposits increase as a result of deposits of actual cash, 
but this is because of the actual cash and not because of the increasing 
deposit liability.1

Loans and Discounts.—Under normal conditions, most of the assets of 
a commercial bank should consist of “ loans and discounts. These 
holdings should consist principally of self-liquidating commercial paper, 
running less than six months and distributed as to m aturity so tha t some 
of the notes are constantly falling due. In addition to determining 
whether the bank has a sound proportion of the different types of loans, 
one should also find out as much as possible about the quality of these 
loans. Obviously, this cannot be determined from a bank statement, 
but must be based on other information.

As far as our analyses are concerned, the term “ loans and discounts 
may be taken to have the same meaning that the term “ loans” has in 
common business usage. The use of the two words arises from the 
practice of charging interest on loans, which is added at the end of the 
period, while in the case of discounts, the charge for the use of the money 
is deducted at the beginning of the period.

Investments.—Under normal conditions, the bond holdings of a bank 
should be relatively small. When money is very easy, or when deposits 
are coming in faster than they can be loaned out, a bank may have to 
increase its bond investments in order that it may have some income from 
the money it holds. Such bonds, however, should be readily salable and 
of certain security. As a rule, banks should not invest in corporate 
stocks, as they represent shares of ownership rather than first claims on 
the assets, and their values fluctuate too widely. In recent years, condi
tions have made necessary a number of changes in policies and regulations. 
In the spring of 1938, the Regulations of the Comptroller of the Currency 
governing bank investment policy were revised to provide that “ in addi
tion to such securities as have been authorized heretofore, member banks 
of the Federal Reserve System may purchase investment securities, of 
such sound value or so secured as reasonably to assure payment, issued 
by established commercial or industrial businesses or enterprises tha t can 
demonstrate the ability to service such securities, without requiring that 
the securities be offered for public distribution or th a t they must be 
readily marketable, provided, however, that they mature not later than 
10 years after the date of issuance and that 75 per cent of the principal be 
amortized by m aturity through substantial, periodic payments, none of 
which would be required during the first year.” 2

'S ee  “ Financial Handbook,” pp. 1227 and 1228, The Ronald Press Company,
New York, 1927.

2 Federal Reserve Bulletin, p. 563, July 1938.
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Fixed Assets.—The remaining assets of a bank are represented by 
such items as the bank building, furniture, and fixtures. These are 
fixed and not liquid. They should constitute a very small proportion 
of the total. Some bankers hold that they should not amount to more 
than 20 per cent of the amount of the capital, surplus, and undivided 
profits. If the bank owns other real estate, each item should be 
examined carefully, as it probably has been acquired as the result of 
non-payments of loans. Ordinarily, such holdings should be disposed 
of at the earliest opportunity. A national bank can own, within certain 
limits, the building that it occupies, but any other real estate acquired 
because of defaulted loans must be disposed of within five years. Some
times the buildings owned by state banks represent too large a proportion 
of the assets. In some states, the buildings cannot be carried a t a value 
greater than one-fourth of the amount represented by the capital stock.

Rediscounts and Bills Payable.—The demands made upon banks 
by their customers are ordinarily subject to high cyclical and seasonal 
"variations. If the amounts of rediscounts and bills payable due the 
Federal Reserve banks in cyclical or seasonal emergencies are high, it is 
not a cause for question, but if these liabilities remain heavy the year 
around and for several years, it is a sign that the bank is overexpanded.

Analysis over a Period of Time.—From the preceding discussion, 
't  is obvious that it is very important to note the changes that take place 
in various items over a period of time. An analysis of a single statement 
does not present a complete picture of the bank’s position. I t  should be 
made over a number of years in order to determine the trend in a bank’s 
activities and changes in the bank’s policy. These changes over the 
Period should be compared with those of other banks in the community. 
And, finally, after the various ratios and data have been placed upon a 
systematic basis over a period of time for the various banks, they should 
be carefully compared with the available indexes of business conditions 
m the areas concerned.

Bank Letters.—Many of the leading banks publish monthly letters 
or bulletins which contain valuable statistical data pertaining to local 
°r national business. Two of the outstanding letters of this type are the 
monthly letter of the National City Bank of New York and the Cleveland 
Trust Company Business Bulletin. These particular letters are written 
Principally from a national point of view. Others, such as the Monthly 
Summary, issued by the Security-First National Bank of Los Angeles, 
rePort upon local conditions. In mentioning bank letters, however, 
^he point should be made that while many banks issue careful reports 
containing valuable statistics, there are also many which issue monthly 
bulletins that are of but little, if any, practical value in analyzing a busi
ness situation.
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Statistical Work of the Federal Reserve Board and Banks.—In dis
cussing banking statistics, special mention should be made of the statisti
cal work of the Federal Reserve System. This includes, not only the 
work of the Division of Research and Statistics of the Federal Reserve 
Board, but also that of the statistical departments of the 12 Federal 
Reserve banks.

While the Federal Reserve System statistics relate in considerable 
part to the general credit situation and operation of the money market, 
they also cover a wide range of other factors, of interest, not only to 
banks, but to business men in general. Among the more important 
series published regularly in the Federal Reserve Bulletin are : reserve bank 
credit, gold stocks, money in circulation, and member bank reserve 
balances; analysis of changes in monetary gold stocks; discount rates 
and money rates; member bank credit; bank balances; bankers’ accept
ances and commercial paper outstanding; brokers’ loans; commodity 
prices, security prices and security issues; production, employment, and 
trade; industrial production; factory employment and pay rolls; building; 
trade and distribution; bank suspension; gold holdings of central banks 
and government; gold exports and imports; condition of central banks in 
foreign countries; discount rates of foreign central banks; foreign money 
rates; foreign exchange rates; treasury and capital market statistics; and 
price movements in principal countries.

While some of the above series are quoted from other sources, many 
of them are collected directly through the Federal Reserve System and 
are compiled or converted into index numbers by the Division of Research 
and Statistics of the Federal Reserve Board. Further details on these 
series may be found by referring to the current issues of the Federal 
Reserve Bulletin.

In  addition to cooperating with the Federal Reserve Board sta tis tica l  
department, the 12 Federal Reserve banks often carry on special studies 
of their own. A few examples will be mentioned in order to indicate 
the type of work done. The Federal Reserve Bank of New York has 
published frequent analyses of the principal factors affecting the m o v e
ment of rates in the call-loan market, including in particular an a ccou n t  
of the effect of year-end withdrawals by out-of-town lenders. The 
Federal Reserve Bank of Minneapolis has published figures showing how 
th e  total credit extended by country b a n k s is divided, with particular 
reference to the part represented by loans to customers. This bank has 
also made studies of th e  trend of deposits of country banks, with separate  
figures for different sections in the Minneapolis district (mixed farming, 
wheat raising, etc.) and according to the size of the community in which 
the bank is located. The measurement of the volume of production in 
the individual Federal Reserve districts, primarily in terms of physical
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volume, is illustrated by material tha t has been published in the monthly 
reviews of the Federal Reserve Banks of Cleveland, Minneapolis, and 
San Francisco. All of the Federal Reserve Banks have given careful 
attention to reporting figures on retail trade. The Federal Reserve Bank 
of New York has published a comparison between the increase in velocity 
of New York City deposits and the increase in loans made to brokers by 
lenders other than banks. Compilation and publication of figures relat
ing to the earnings of corporations have been carried on by the Federal 
Reserve Banks of New York, Philadelphia, and Cleveland. The Federal 
Reserve Bank of Minneapolis has given considerable attention to the 
estimating of farm income. Other examples of the many valuable kinds 
of statistical studies made by the Federal Reserve System will be found by 
referring to the Federal Reserve Bulletin or to the monthly letters of the 
Federal Reserve banks.

In addition to the published statistical information mentioned above, 
which is readily available to all banks as well as other business men, the 
Federal Reserve System collects and compiles much information which 
is primarily for the use of Federal Reserve officials and member banks.

Questions and Problems

1. Why are banks interested in business statistics?
2. What is the scope of a bank’s statistical work?
3. Of what significance are statistics in connection with a bank’s interest in the 

success of its customers?
4. Discuss the bank's obligation to a community as an adviser on financial and 

business conditions.
5. Discuss the banker’s interest in business forecasting.
6. Of what importance to banks is information on population and purchasing 

power?
7. Why is a bank interested in production and labor statistics?
8. How does a bank use marketing analyses?
9. Why are banks concerned with real estate conditions?

10. Is investment analysis important to banks? Why?
11. How is a line of credit determined?
12. Discuss the work of credit analysis.
13. What information is required from borrowers by banks?
14. How is a borrower’s statement analyzed?
15. The ratios of quick assets to current liabilities, worth to debt, worth to fixed 

assets, merchandise to receivables, sales to merchandise, sales to receivables, sales 
to fixed assets, and sales to worth are of what significance to a banker in analyzing a 
borrower’s statement?

16. How is a bank statement analyzed? Of what importance is such an analysis?
17. What are “ call statem ents” ? Of what value are they to the business man?
18. From the point of view of statistical analysis, what does a bank’s “ reserve”

indicate?
19. What is shown by loan and discount data, and by deposit data?
20. Explain the “ ratio of loans to deposits.” How is this ratio interpreted?
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21. What analyses should be made of a bank’s bond holdings?
22. What relation should a bank’s fixed assets bear to its total assets? Explain.
23. Discuss the relation of a bank’s deposits to  the sum of its capital stock, 

surplus, and undivided profits.
24. What may be indicated by the item “ overdrafts” on a bank statement ?
26. What is the significance of a bank’s rediscounts and bills payable?
26. Why is it important to analyze bank statements over a period of time?
27. Discuss the importance of bank letters or bulletins as sources of statistics.
28. Discuss the statistical work of the Federal Reserve Board and banks.
29. In cooperation with a certain bank in your city, prepare a detailed plan of its 

present and projected statistical work.

CHAPTER XXV

EXECUTIVE CONTROL AND MANAGEMENT STATISTICS

In preceding chapters, analyses of business problems in many fields 
of activity have been considered. Methods and illustrations of such 
analyses have been presented in connection with forecasting, budgeting, 
marketing, production, real estate, investment, and banking. In several 
of the discussions, the problems have been problems of control, and the 
methods described have been methods of effecting adequate control over 
Production, marketing, and other operations. In these discussions, the 
analyses have been localized to the particular department of the business 
under consideration. In the present chapter, it is intended to review 
briefly the use of statistical analyses and methods in effecting control 
over the functions of each department or part of the business, and also 
to discuss the use of statistical methods in controlling the organization 
as a whole.

Statistical Control.— “ Statistical control is a method of arriving at 
executive decisions through analysis of the facts which relate to a particu
lar business. To be genuine it must begin with the desire of the executive 
to act in accordance with the results of such analysis. I t  is the function 
°f the statistician to assemble the facts, all the facts, both external and 
internal, which are pertinent, and nothing but the facts; to analyze 
these facts in such manner as to indicate obvious courses of action; and 
where obvious courses of action cannot be indicated, to determine as 
accurately as possible the probable range of results under different plans 
°f procedure. But here the work of the statistician ends. Only the 
executive can translate facts into executive performance.

“ The practical statistician sees in statistical control a method of 
maproving business administration that has very definite possibilities 
and equally definite limitations. On the other hand, the business 
executive, who is unskilled in statistics, is very apt either to condemn 
statistical control in toto, or to expect far too much from it. These differ
ences in attitude arise very largely from the failure to make a clear dis
tinction between the unorganized, relatively aimless statistics of the 
average business, and those organized and purposeful statistics which are 
,equired for genuine statistical control.

“ In any well-managed business undertaking, and particularly in one 
of large scale, there is, and must be, consciously or unconsciously, a very

613
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great dependence upon statistics. Books of account, pay rolls, stock 
records, sales records, production schedules, cost records, purchasing 
schedules, and innumerable other entries and summaries of current and 
prospective operations are nothing more or less than the statistics of the 
business. In some special enterprises, notably those concerned with the 
various forms of insurance, and to a considerable extent in banking, 
the statistical element predominates. Furthermore, there is rarely even a 
minor executive in any business who does not, knowingly or otherwise, 
base his decisions very largely upon the statistics of his operations.” 1

Before considering methods and tools used in executive control, it is 
first necessary to view the internal organization structure through which 
executive control from the offices of the chief executives can be effected. 
After a view of the organization structure, the relation of the control 
functions to be exercised in each department to those of the major 
executives can more easily be seen.

Internal Organization.—Business organizations vary not only in size, 
but also in types of internal organization. Briefly, there are four main 
types of internal structure: the line organization, the functional organiza
tion, the department organization, and the line-and-staff organization.

In small concerns, the line organization is predominant. This type 
is characterized by a line of authority and responsibility which extends 
from the top to the lowest class of duties. Thus, the chief executive 
usually exerts a directing influence throughout the entire organization, 
and in a small organization this is often accomplished by direct personal 
contact with the minor executives and even with the minor employees. 
In order to be successful in managing such an organization, the chief 
executive and his subordinates ordinarily must have a wide range of 
technical knowledge and ability.

The functional type of organization is characterized by a division 
of the management so that each executive supervises and manages one 
major function. In other words, in this type of organization, the manage
ment is characterized by a division of responsibility according to types of 
work or functions performed by the employees. Workers in any one 
part of the business may have several “ foremen” or minor executives 
over them, each of whom exercises supervision and control over these 
workers according to  the particular part of their duties they are per
forming.2 Above the foremen or minor executives are specialized major

1 R o e t y ,  M. C., “ The Statistical Control of Business Activities,” Harvard B u s i n e s s  
Review, Vol. 1, No. 2, pp. 154̂ 166, January 1923.

2 Thus, in a machine shop organized on a functional plan, Frederick W. Tayl°r 
had four types of bosses: gang bosses, speed bosses, inspectors, and repair bosses. 
The gang boss had charge of all work up to the time that the material was set in the 
machine; he was responsible for starting the planned production (getting the materials

executives that, supervise and manage the operations related to their 
particular specialty. The duties of the chief executive or president of 
such an organization are more in connection with the choice of the 
functional executives and the coordination of their activities than in 
supervision over the performance of their technical duties.

The third type of organization is found in such institutions as depart
ment stores. In these stores, it is usual to deviate from the ordinary
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type of line organization in which authority extends from the top to the 
bottom through a line of intermediate executives. Instead, the merchan
dising organization is divided into many separate units or departments, 
each in charge of a department manager or “ buyer.” The result is 
similar to a group of many stores, except tha t the department managers

and setting them in the machines) up to the point where operation of the machine 
began. The speed boss was responsible for the machine process and his duties were 
to obtain the best quality of machine work in the quickest possible time. The 
inspector, however, was given the authority to pass upon the quality of the work 
and to see that standards of quality were maintained. The repair boss was required 
to see that the workers maintained their machines and auxiliary equipment in good 
repair. Thus, each machine worker was under four bosses.
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are responsible to a central authority or general manager and also are 
supervised and controlled to a certain extent by several functional 
departments which exist outside of the “ operating ” departments. Thus, 
there is usually a separate publicity or advertising department through 
which the advertising policies, methods, and plans are made for the 
entire store. Also, there are merchandise managers who plan, supervise, 
and check the work of the department managers, and often a personnel 
department is in charge of the hiring of all employees and the problems of 
employee welfare. Because of the existence of these and other functional 
departments, the department type of operation may be said to include a 
hybrid or unusual line organization with which certain features of 
functional operation have been combined.

Large manufacturing companies usually exhibit more nearly the 
characteristics of what is known as the “ line-and-staff organization.” 
In this type there are line executives who are responsible for the per
formance of work operations. They are assisted in an advisory capacity 
by technicians, or specialists known as “ staff” men. This is illustrated in 
Exhibit 218, which presents the organization of the Walworth Manu
facturing Company. The chart shows that the line executives under the 
president are in charge of the operating parts of the company, which in
clude the production, sales and financial departments, and the secretary’s 
office. The staff heads in this company have charge of planning and also 
of recording and checking up on the results of operations. However, the 
staff heads in this and in all line-and-staff organizations are not in an 
executive position in relation to the workers in the line organization. 
They act in an advisory capacity to or through the various executives.

Relation of the Chief Executive to the Internal Organization.—In a 
corporation, whether the type of internal organization be line, functional, 
departmental, or line-and-staff, there must always be one executive who 
is responsible to the board of directors for the operation of the concern. 
Through this executive, the policies of the board are put into effect, and, 
through him, the board is informed of the results of operation. There
fore, every president or chief executive must have methods of carrying 
out the policies determined upon by the board of directors, and methods 
of checking the results obtained.

In order to control effectively the operations of the business, it is 
essential, first, that adequate plans be made. Second, it is necessary 
that the progress of the planned operations be carefully recorded in the 
departments responsible for the performance. Third, the actual per
formance must be measured and recorded in the general accounting 
records of the organization. And fourth, the records of actual results 
must be analyzed, compared, and interpreted in relation to the planned 
operations. Obviously, the plans determined upon will be most effective
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if they are prepared in detail and if the form in which they are prepared 
is standardized. In order to compare actual performances with the 
planned performances, the form in which the plans are made and the 
form in which the report upon actual performance is made must be 
closely related. Therefore, it is usually a function of the comptroller’s 
department to prepare the reports of planned operations and also those 
showing the actual operations. The progress of the work in each 
operating department, however, must be carefully watched by the 
executive in charge of such departments. Therefore, the progress charts 
of production, of sales, of planned construction, etc., must be main
tained in the departments which perform these respective operations.

Statistics and Accounts.—“ From a business standpoint, it is impos
sible to adopt a narrow definition of statistics. A practical separation 
must, of course, be made between statistics and accounts, and, in fact, 
it is very necessary that no attem pt be made to burden the regular 
accounting forces with the changing details of statistical analyses. The 
two classes of work are radically different. In general, the accounts 
will serve their full purpose if they accurately reveal the financial status 
of the business and the financial results of current operations, and in 
addition locate general responsibility for any marked variations from 
normal performance. But beyond this point it is not profitable, even 
where it is possible, to carry the rigidity of the balance sheet and the 
double entry. Cost analyses, operating reports, projections of future 
financial and operating results, and many other statements and sum
maries, all require flexibility of handling and must be treated from a 
statistical rather than an accounting standpoint. Furthermore, the 
accounts themselves are the materials from which many statistical 
studies are derived, so that with the special field of the accounts once 
clearly defined, it is not too much to say tha t all pertinent numerical 
facts, and many that are not strictly numerical, whether within or without 
the business, whether relating to the past, the present, or the future, fall 
within the scope of business statistics.

“ I t is this very pervasiveness of the statistical element in modern 
business that is most confusing to the executive who is seeking to avail 
himself of improved statistical technique in the handling of his affairs. 
Yet it is not impossible to establish a working distinction between busi
ness statistics in bulk, and those special statistics and statistical studies 
which form the elements of statistical control. This distinction is, 
however, largely based on the attitude of the executive.

“ I t is possible to have reams of statistical reports and hundreds of 
charts and diagrams without securing even the beginnings of statistical 
control. If the statistics grow out of the absolute needs of the business 
and are looked upon as necessary evils rather than as positive and
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constructive factors, statistical control does not exist. Furthermore, 
even the most competent of statisticians will have little success in estab
lishing a basis for statistical control if he is not in working contact with a 
responsible executive who will make his studies effective.” 1

The relation of the chief executive to the comptroller’s department, 
through which the plan of operations and the record of actual operations 
are made, will now be considered. Then the relation of the chief execu
tive to the operating departments which carefully record the progress 
of the work will be discussed.

Comptrollers’ Reports for the Chief Executive.—While the plan of 
operations may ordinarily best be prepared in the comptroller’s depart
ment, it should be recalled (see Chapter XVIII, Budgeting) that the 
preparation of these budget plans requires the cooperation of all of the 
major and minor executives in the organization, and a budget will be 
effective only if those who are to carry out the budget plans have taken 
part in its preparation. The comptroller’s department collects and 
summarizes the tentative plans suggested by the other executives. In 
order to coordinate these plans, many organizations have found it 
advisable to install a budget committee consisting of the major depart
mental executives, and often minor executives are included. The 
comptroller is usually the chairman of such a committee. When the 
budget has been passed by the committee it is submitted to the president 
as a tentative budget. Final adoption of the budget, however, should 
ordinarily rest with the board of directors.

Although the chief executive usually does not meet with the budget 
committee, he will influence the preparation of the tentative budget 
according to the need that may exist a t any time. Thus, the tentative 
budget will ordinarily be in accord with the policies of the chief executive 
and the board of directors, so that delays in its adoption will seldom 
occur after it leaves the committee.

The president or chief executive is also dependent upon the comp
troller’s department for a complete and accurate statement of the actual 
results of operations. Accounting reports must be prepared to serve 
both the departments whose operations they reflect and the major 
executives who supervise the organization as a whole. Accurate and 
adequate accounting for the actual results obtained in each department 
is obviously a prerequisite of accurate and adequate reports. Thus, 
the duties of the accounting staff include: (1) the making of com-plete 
records of the transactions, (2) the preparation of operating reports which 
summarize the transactions of each department and the entire organiza

1 R o r t y ,  M. C., “ The Statistical Control of Business Activities,” H arvard Business 
Review , Vol. I, No. 2, pp. 154-166, January 1923.

tion, and (3) the preparation of financial statements which present the 
financial condition at the end of each operating period. In this discus
sion, it is not practical to describe the details of an adequate accounting 
system for recording the transactions. However, a few of the reports, 
which should be prepared from the accounting records for the use of the 
executives, will now be mentioned.

The profit and loss statement of a company is the operating report 
which summarizes the actual business results. For the executive’s use 
°f this statement, supplementary reports should be prepared showing 
details of the marketing, or sales operations, the production and purchases 
operations, the labor or personnel department operations, and expenses 
of management according to the divisions of management, such as the 
credit department, the treasurer’s department, and the general executive 
offices. The form and size of each of these statements in the large 
organization must be adequate to indicate the responsibility for the 
results obtained, and also they must agree with the form and size of 
the statements prepared for the planned operations to facilitate significant 
comparison.

The statement of assets, liabilities, and net worth (that is, the balance 
sheet) should be prepared monthly by the comptroller’s department for 
the higher executives and the board of directors of the company. In 
addition to this statement, which is a general summary of the financial 
condition, there should be supplementary statements setting forth details 
of important assets, liabilities, and surplus. Analyses of accounts 
receivable, of inventories, and of accounts payable are important in 
controlling the finances of the corporation. Without such analyses of 
the present financial condition, the plans of future operations cannot be 
prepared intelligently.

Operating Departments’ Reports for the Higher Executives.—In 
each operating department, special records must be maintained in addi
tion to records of operations prepared for the comptroller. Some of 
these records have been discussed in previous chapters, particularly in 
Chapter XX (Production and Labor Statistics) and in Chapter XXI 
(Marketing Analysis). I t  should be observed here that they are not only 
essential to the management within the department, but they also serve 
the higher executives as measurements of current operating progress. 
Therefore, the progress reports and the detailed sales reports prepared 
within respective departments must be currently available to the higher 
executives such as the general manager, the vice presidents, and the 
President. In addition to these progress reports, the chief executives 
should be furnished with reports on research and experimental activities. 
In the sales department, marketing studies are often carried on by sales 
executives both as an aid in the preparation of the budget and in deter
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mining the effectiveness of the products. These reports should be 
immediately available to the major executives.

Comparison of Planned Operations with Actual Performance.—In
order to assist the major executives and directors in measuring the 
actual results in relation to the budget plans, the comptroller’s depart
m ent1 should prepare statements which show comparisons and explain 
the causes of variation in actual performance from planned performance. 
The operating reports previously mentioned should, therefore, be pre
pared in an additional form which presents both the figures of planned 
income, expenses, etc., and the actual figures.

Mere comparisons, however, do not assist materially in accomplishing 
an improvement in the results, unless the variations of the actual data 
from the planned data are intelligently accounted for. Analyses of 
variations in sales, in production, in expenses, and in net profits must 
be made as bases for intelligent interpretation. A variation in sales, for 
example, may appear from a comparison of the budgeted sales items and 
the actual results. But an increase in the physical volume of sales over 
the planned volume may actually have taken place, although the dollars 
of sales have decreased, owing to an unexpected decrease in selling prices. 
Therefore, the variation in total sales dollars from planned sales dollars 
should be explained by a statement which will measure in exact terms 
the extent to which the increase in physical volume was offset by price 
declines. Such a statement will present a computation of what the total 
volume would have been if no price decline had taken place, and the total 
effect, in dollars, of the price decline.

In comparing actual production costs with planned costs, analyses to 
determine the causes of variations are particularly necessary. Were 
total costs greater because of a larger volume or because of higher 
costs? Were material costs higher than anticipated, or did labor or over
head costs increase? Was the increase in material cost due to a general 
advance in material prices or to the use of more expensive materials? 
Did wage rates increase, or were the laborers less productive? Are the 
overhead expense rates carefully and accurately determined, or are they 
rough approximations? Such questions as these must be satisfactorily 
answered in interpreting variations in production costs.

Also, the actual expenses of selling, of administration, and of financing 
must be carefully compared with the items in the budget plans. In 
accounting for variations between the budget and the actual expenses, 
it is important to note that the ratio of expense, based upon sales, is an

1 Where a separate statistics and planning organization exists, this section or 
department usually prepares the analytical statements referred to in this discussion. 
When the statistics and planning section is not a part of the comptroller’s department, 
it works in close cooperation with this department.

important basis for comparisons rather than dollars of expense. In 
other words, if sales have fallen below or have exceeded budgeted sales, 
many items of selling expense and of administration should be adjusted 
accordingly in order to obtain the budgeted rate of net profit on sales.

Comparison of Actual Results with Standards of Performance.—As 
experience in production, marketing, and management is obtained, 
corporations can develop standards by which actual results can be 
measured to determine efficiency. In  the production department, 
standard costs are useful as an accounting method and as a basis of measur
ing attainment. Similarly, standards of advertising expenses, sales 
salaries, and the various administrative expenses in relation to sales 
should be determined. These standards are not necessarily the same 
as the budget figures adopted for any particular period. Therefore, 
separate comparisons of the actual data with the standards, determined 
on the basis of past experience, may be necessary in addition to the 
comparisons with budgeted data, because “ standard ratios” represent 
a more permanent or longer-period relationship.

In the management of the organization as a whole, many other ratios 
that measure the effectiveness of the management may be computed 
and compared with standard ratios. These management ratios are both 
of financial and of operating nature. Several have been mentioned 
previously, such as the eight financial ratios for analyzing financial 
statements discussed in Chapter X X III (Investment Analysis), and in 
Chapter XXIV (Statistics in Banking), all of which are also important 
to the management. A list of useful management ratios is as follows:1

1. M easures of E arn ings.
a. T h e  re tu rn  earned  on n e t  w orth .
b. T h e  ra tio  of surp lus n e t p rofits to  sales.
c. E arn in g s on com m on stockho lders’ in v estm en ts .
d. O p eratin g  profits earned  on to ta l  cap ita l used.
e. R a tio  of o p erating  profits to  sales.
/ .  M arg in  of gross profits earn ed  on sales.

2. M easures of C osts a n d  Expenses.
a. R a tio s  of costs and  expenses to  sales.
b. T h e  cost of borrow ed cap ital.
c. T h e  cost of to ta l  cap ita l used.

3. T u rnovers.
a. T u rn o v e r of to ta l  c ap ita l used.
b. T u rn o v e r of inven tories.
c. T u rn o v e r of accoun ts receivable.
d. T u rn o v e r on fixed p ro p e rty  in v es tm en t.

1 B l i s s ,  J. H ., “ M an ag em en t th ro u g h  A ccoun ts ,” p. 68, T h e  R onald  P ress C om 
pany , New Y ork, 1924. A d eta iled  discussion of th ese  ra tio s  will b e  found  in th is  
book, a n d  a discussion of sim ila r ra tio s  is co n ta in ed  in “ M an ag em en t’s H a n d b o o k ” 
PP. 236-258.
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4. Financial Relationships.
a. N et working capital and ratio.
b. Manner in which capital is invested.
c. Sources from which capital is secured.
d. Proportion of earnings left in the business.

The Executive in Relation to External Statistics.—It is the duty 
of the management to see that facts and events occurring outside of the 
individual organization are properly recognized and considered in making 
executive decisions. The problems of management are not entirely a 
m atter of internal relationships. The major executives must so organize 
their internal management duties that their attention can be given to 
the interpretation of the effect and importance of such subjects as general 
business conditions, conditions in their industry, and the indications of 
future conditions. From previous discussions, it will be appreciated 
that the procedure indicated as advisable—as a result of business fore
casts, studies of the labor situation, analyses of the market, analyses of 
real estate conditions, or investigations of financial conditions—often 
involves serious questions of executive policy, and that, in such instances, 
the decision as to what course to follow can be made only by the manage
ment. I t  follows, therefore, that while the point of view in the preceding 
discussions of methods of making analyses (on the basis of external 
statistics) of general business, population and purchasing power, produc
tion, labor, markets, real estate, investments, and banking was princi
pally that of the investigator, nevertheless, the application of such 
statistics is largely an executive problem; and the management is inter
ested in any or all of these types of surveys when they will help to solve a 
related problem. From the point of view of the executive looking down 
upon his organization, all of the different classes of statistics previously 
discussed in this book are management statistics.

As an example of specifically relating an individual organization to 
external statistics, let us suppose that we are analyzing competition with 
a view to increasing our competitive strength. One method of finding 
where one can increase one’s competitive strength is that of comparing 
the costs of doing business. Such reports as those of the Harvard Bureau 
of Business Research furnish much information which can be used in 
making these studies. These reports furnish data on the average con
ditions in retail grocery, shoe, hardware, drug, jewelry, tire, general 
merchandise, and department stores, as well as for wholesale automotive 
equipment, grocery, drug, and dry-goods stores. If, for instance, we 
are operating a retail grocery store, and our salaries and wages constituto 
15 per cent of our net sales, we find by referring to these reports that we 
are paying considerably more than the average (10.9 per cent), which 
indicates that this is a point which should be investigated with a view to
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reducing operating expenses. Suppose also that our losses from bad 
debts are 5 per cent. This also indicates an opportunity for substantial 
improvement as the average loss is only .4 per cent. Our stock turn, 
however, of 12.5 is better than the average (10), which indicates tha t our 
greatest efforts to make improvements need not be applied here.

If we are operating a small department store, similar data to that 
presented above enable us to analyze our situation with a view to meeting 
the competition of the large department stores. We find that the gross 
margin (difference between cost of goods and sales) is 32.2 per cent in the 
large stores, while it is only 28.6 per cent in the smaller stores, but in 
spite of the lower operating expenses in small stores, the large stores had 
a net profit of 2.3 per cent while the small stores had a profit of only .5 
Per cent. This indicates that the large department stores pay less for 
their merchandise on account of their greater buying power. We find, 
however, that the large department store has a lower interest charge and 
a higher turnover, which indicates that we might improve our situations 
in this respect by studying the methods of the large department stores.

Similar comparisons can be carried out in the different kinds of 
wholesale trades. If, for instance, we are operating a wholesale drug 
concern and rent is 3.0 per cent of our net sales, we would be paying 
a considerably higher proportion than the average, which is only .5 per 
cent, and it may be advisable for us to investigate this m atter quite 
thoroughly. I t  may be that rents have increased in our location until it is 
no longer advisable for us to pay them, providing we can find a more 
economical location which is satisfactory for the wholesale drug business.

Manufacturers, realtors, bankers, and other business men can make 
similar comparisons in instances where data are available.

The Statistical Organization.—The amount and kind of statistical 
work that can be carried on varies directly with the size of the concern. 
When a large concern employs experts to work out certain problems 
statistically, it is relatively easy to distribute the expense over the large 
organization. If a small firm wishes to make the same statistical investi
gations, the cost may be out of all proportion to the size of the concern.
1 roblems which would be complicated in a large concern, however, are 
°ften simple in a small concern, and, consequently, where an involved 
investigation might have to be made to solve the problem in a large con
cern, a relatively simple investigation might solve the problem as ade
quately in a small one.

“ Contrary to general belief, the element of cost of statistical work 
a relatively minor one in any organization of substantial size. A 

single, well-qualified statistician with one or two clerks, when working 
Under the right executive, can soon demonstrate in a very practical way 
the profit to be derived from a further expansion of statistical activities.
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Furthermore, there are few large-scale organizations in which a critical 
study of existing expenditures for unorganized bulk statistics and a proper 
reorganization of existing statistical work will not effect economies suffi
cient to pay for a centralized statistical office.

“ I t is, nevertheless, to the interest of both the statistician and the 
executive to establish statistical control gradually and with a careful 
testing of each step. On this basis each addition to the statistical organi
zation and each element of statistical work will constitute a proven source 
of profit, rather than an item of expense. On the other hand, if an 
attem pt is made to create a large statistical organization over night, 
without well-established relations with the executives, there is great 
danger of repeating the experience recently brought to the writer’s 
attention, where a very competent statistical force gave repeated warn
ings of dangers ahead and was then suddenly disbanded, as a measure of 
economy, when the disregard of its warning led to disaster.

“ With a policy of gradual development once adopted and with 
immediate out-of-pocket expense thereby minimized, the next problem 
is that of choosing the chief statistician and establishing his relations to 
the balance of the organization. As previously indicated, the statistician 
must report directly to an executive who is in thorough sympathy with 
the idea of statistical control and is capable of valuing the statistician’s 
work and translating it into terms of definite proposals for action. It 
is also desirable for this executive to be in position to put into effect, in 
the routine statistical work of the various units of the organization, the 
suggestions for improvements that will naturally originate with the 
central statistical office.

“ In selecting the chief statistician, there are two opposite possibilities. 
In either case the ultimate aim must be to combine, in this staff specialist, 
a broad, practical knowledge of the business with skill in statistical 
technique. This aim may be realized, in one way, by choosing a man 
already familiar with the business, who has an analytical mind and is 
capable of acquiring a knowledge of statistical methods, sufficient at 
least, to permit him to direct the work of statistical specialists of junior 
rank. The alternative procedure is to select a man of the proper general 
caliber, already skilled in statistics, and to give him an opportunity to 
familiarize himself with the details of the business, while a t the same time 
he gradually develops the machinery of statistical control. A com
promise plan is to make a temporary assignment of a man skilled in the 
business, with the future chief statistician working ‘pro tem ’ as his assist
ant. Any one of these plans will give, satisfactory results if it is kept 
clearly in mind that the qualities required in the chief statistician, in 
order of importance, are good judgment, analytical ability, knowledge 
of the business, and statistical skill.
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“ After the selection of the chief statistician and the assignment of 
the central statistical office to a definite position in the business, further 
developments in statistical organization will depend very largely upon 
the gradual education of departmental and other executives in the 
effective use of statistical studies.

Centralization of Control.—“ The principle to be followed is that of 
centralization of statistical control in matters of methods and general 
policy, combined with decentralization in matters lying within the field of 
individual departments or organization units. Ordinarily it will be 
found that there are existing employees in each important unit of the 
organization who are doing work of a statistical or semistatistical nature 
and are relied upon by the executives of such units for much of the 
information upon which their day-by-day decisions are based. Such 
employees need not be designated as statisticians, but they should, 
nevertheless, be brought a t a very early date into direct contact and 
cooperative relations with the chief statistician.

“ In line with this principle of decentralization of statistical work, it 
is especially important to keep in mind the close relation which, as 
previously indicated, must exist between statistics and executive responsi
bility. The chief statistician must initially make many studies which, 
in a sense, will be critical of existing performance. His success will not 
be measured, however, by the immediate value of such criticisms, but 
by his ability to establish within the various units of the organization 
such methods of statistical control as may tend to obviate the need for 
criticism. The chief statistician must feel, therefore, that he has gained 
rather than lost, whenever a departmental or unit executive expresses a 
desire to have any portion of the detailed statistical work transferred 
to his immediate supervision.

“ With a general plan adopted for the development of the statistical 
organization, many of the details of the actual statistical work and of the 
assignment of such work within the organization will settle themselves 
on the basis of day-to-day experience.” 1

Routing Data through an Organization for Use in Preparing Reports 
for the Executives.—In order to show how practically all of the various 
types of internal and external statistics previously described in this 
book may be gathered and used regularly in the management of a specific 
enterprise, a statistical routing diagram of a large manufacturing concern 
is presented in Exhibit 219.

The numbers in the small circles in the diagram refer to the various 
reports that are compiled. The topics of these reports are given in the 
list which accompanies the diagram.

1 R o r t y ,  M. C., “ The Statistical Control of Business Activities,” Harvard Business 
Review, Vol. I, No. 2, pp. 154-166, January 1923.
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NATIONAL 
SPECIALTIES CO. 

B oard  of Dir e c to r s

NATIONAL N a t io n a l Na t io n a l
M a n u f a c t u r in g  C o . m a n u f a c t u r in g  C o . E x p o r t  s a l e s  C o r p .

f in a n c e  c o m m it t e e e x e c u t iv e  Co m m it t e e Board  o f Dir e c t o r s

s a l e s . P r o d u c t io n , &
T r e a s u r e r £ --- (14)— ► P u r c h a s in g  D e p t s .

MANAGERS

t r e a s u r e r ’ s  d e p a r t m e n t
FO R EC A ST  AND

A n a l y s i s  D iv is i o n

E n g in e e r in g  D e p t . 
E s t i m a t i n g  

D i v i s i o n

In following the data through the organization according to the 
diagram, it will be noted that the sales department, on the basis of its 
analyses of the market, sends forecasts of sales (in quantities) to the 
production department. Knowing something about the probable 
volumes of the different products that will be required, the production

department figures the mill cost of manufacture and forwards it to the 
sales department. Then the sales department is able to prepare report 
number 3 (forecast of selling price, freight and delivery, and selling 
expenses), which is forwarded to the comptroller’s statistical division of 
the accounting department where the forecasts of the various departments 
are assembled and any necessary computations are made.

E x h ib it  2194 .—R outing of da ta  through an  organization for the  purpose of preparing 
forecasts and financial reports to  be subm itted  by the treasurer to the executives desig
nated. For key to  num bers, see Exhibit 219S. (Names of companies changed.)

A c c o u n t in g  D e p a r t m e n t  
C o m p t r o l l e r ' s  S t a t i s t i c a l  

D i v i s i o n
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The production department sends report number 5 (a forecast of the 
consumption of materials and supplies in manufacture in quantities) to 
the purchasing department, and the purchasing department sends report 
6 (forecast of material prices) to the production department, which uses 
it in computing costs. The purchasing department’s forecast of pur-

K e y  t o  C h a r t

1 Forecast of Sales, quantities.
2. Forecast of Mill Cost of M anufacture.
3. Forecast of Selling Price, Freight and Delivery, and Selling Expense.
4. Forecasts assembled and computed. Sales in quantities and value; Mill Cost of Sales; 

Freight and Delivery, Selling Expense, A dm inistrative and N et Receipts.
5. Forecast of Consum ption of M aterials and Supplies in M anufacture, quantities.
6. Forecast of M aterial Prices.
7. Forecast of Purchases, value.
8. Forecast of Production Capacity, units.
9a. Forecast of Consum ption of M aterials and Supplies in M anufacture as percentages of 

Mill Cost of M anufacture.
96. Forecast of Consum ption of M aterials and Supplies in M anufacture, value.

10. Forecast of Construction, value.
11. Forecast of Investm ent (W orking C apital in detail).
12. Forecast of Taxes, Bonus, A dm inistrative, etc.
13. Actual figures (see detail).
14. Executive Com m ittee Series, Books I and II .
15. Analysis of Executive Com m ittee Series.
16. Variance of Forecasts.
17. Executive Com m ittee Series, Sum m ary— Pam phlets.
18. Cash Position by m onths, National M anufacturing Com pany.
19. Cash Position by m onths, N ational M anufacturing Com pany, Amendment.
20. Cash Position Condensed, N ational M anufacturing Company.
21. C apital Position, N ational M anufacturing Com pany.
22. D ividend Recom m endation (after action by Finance Committee)
23. Consolidated Investm ent and Earnings Statem ent.
24. Bonus Calculation.
25. Forecast of Cash Position by m onths, N ational Specialties Com pany.
26. Forecast of Cash Position by m onths, N ational Specialties Com pany, Amendment.
27. Forecast of Cash Position by m onths, National E xport Sales Corporation.
28. Forecast of Earnings, National Export Sales Corporation.
29. T reasurer’s Book of Diagrams.
<*0. Forecast of Cash Position by m onths, National Building Corporation.
31. Special R eports— In term itten t.

R esponsibility for item s 1 to 10, inclusive, rests with General S tatistical Com m ittee; 
for item s 11 to 13, inclusive, with C om ptroller’s Statistical Division; while item s 14 to  31, 
delusive, represent R eports prepared by the  Forecast and Analysis Division of the T reas
urer’s D epartm ent, which are based on the Forecasted and Actual d a ta  covered by items
1 to 13, inclusive, together with additional inform ation obtained w ithin th e  T reasu rer’s 
D epartm ent.
E x h ib it  219B .— K ey to num bers on diagram  shown in E xhibit 219A  on opposite page.

chases in value (report 7), the production department’s forecast of 
Production capacity and consumption (reports 8 and 9a), and the engi
neering department’s forecast of construction (report 10), all are sent 
to the comptroller’s statistical division to be combined with other 
forecasts.

Then, after the proper combinations and computations are made, 
reports 4, 8, 96, 10, 11, 12, 13, and 7 (see topical list in Exhibit 2195) are 
forwarded to the forecast and analysis division of the treasurer’s depart-
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ment. In that division, the internal reports are analyzed along with 
external data such as that furnished by the economic services and other 
statistical reporting agencies, and forecasts are prepared for reports 
14 to 31, inclusive (see list in Exhibit 2195).

Reports 14 to 31 are then forwarded to the treasurer’s office. After 
the treasurer’s final approval, certain of the reports are submitted to the 
finance committee (see Exhibit 2194), others are submitted to the execu
tive committee, one is forwarded to the directors and assistant directors 
of the sales production and purchasing departments, and others are 
submitted to the boards of directors of subsidiary companies.

In this manner, the company regularly compiles a series of statistical 
reports to be used as the bases of formulating many of its executive 
policies. '

In carrying on a concern’s statistical investigations and analyses, 
it is obvious that the statistical department (or others who do the statis
tical work) cannot work alone, but must cooperate closely with the other 
departments in the organization. This is true not only in gathering 
and analyzing internal data, but also in gathering and analyzing external 
data.

The Relation of the Statistical Department to the Management.—The
responsibility of the statistical department (or division) as an aid to the 
management is obvious. Its  position in the organization plans of dif
ferent concerns, however, varies widely.

In Exhibit 219(/1 and B), responsibility for items 1 to 10, inclusive, 
rests with the central statistical committee; for items 11 to 13, inclusive, 
with the comptroller’s statistical division; while items 14 to 31, inclu
sive, represent reports prepared by the forecast and analysis division of 
the treasurer’s department. In other concerns, the statistical depart
ment may be under the direct charge of a vice president, an assistant to 
the president, the comptroller, or other responsible official, but wherever 
the responsibility is placed, the statistical staff must not only collect, 
tabulate, and chart the data, but also it should apply methods of analyz
ing and interpreting the data through the use of such devices as averages, 
measures of dispersion, computation of composite index numbers, deter
mination and elimination of trend and seasonal influences, and the 
measurement of correlation. And, finally, the results must be presented 
in such a manner that the significant points are easily seen and under
stood by those for whom the investigations and analyses are made.1

1 After the data have been gathered and analyzed, careful attention must be given 
to the presentation of the material. Often good data and good analyses are not 
appreciated because they are not presented simply and clearly. When long, detailed 
tables are presented with a report, it is usually well to prepare summary tables which 
can be included in the text of the analysis, by which the executive can see the signifi-
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Proper analysis of the facts collected in the field of general business or in 
a particular industry requires much study and experience. The develop
ment of a staff trained both in economic principles and in statistical 
technique is, therefore, an important part of business management.

The relation of the statistical department to the management also 
depends to a considerable extent upon how well the executives understand 
the use of statistics and statistical analyses. While statistical reports 
are successfully used by many executives who have not had technical 
training, it is true, nevertheless, that the better the executives of the 
business understand the statistical methods and recognize the economic 
principles which are employed by the statisticians in their analyses, the 
better they will be able to apply the statistical information gathered. 
The factors to be recognized and the methods of interpreting them are so 
numerous that blind acceptance of the conclusions of any one analyst is 
not to be advocated. The executives who are responsible for directing 
an organization must understand how the results are obtained, a t least 
in a general way, if they are to get the greatest value from statistical data 
and analyses.

As mentioned from time to time in the various chapters of this book, 
the increasing competition among business institutions makes more 
accurate decisions necessary if a concern is to prosper. Consequently, in 
most business concerns that have real statistical departments, the 
statistician’s problems are those which involve questions of management. 
This close relation of the statistical department to the management 
presents both a challenge and an opportunity for practically minded busi
ness statisticians to work directly with senior and junior executives in 
improving the bases upon which the management makes its important 
decisions.

What the business man is interested in is the results, but they must be 
presented in such a way that he can understand the procedure well 
enough to check them in a general way with his own judgment and 
experience. If a trend has been fitted by the method of least squares, for 
instance, it may not be necessary that the executive understand how 
to calculate the line, but he must ordinarily have a general appreciation 
of the nature of long-time trend. When the executive cannot use the 
statistician’s work, it, may not be the fault of statistics but the fault of 
the statistician. Too often there is a lack of cooperation because the

«ant points at a glance. Charts and maps are valuable aids in presenting discussions. 
Ordinarily the reports should be neatly typed on a good paper and bound in a suit
able cover. Practically speaking, a good appearance is impressive and is often 
taken as an index of the care and skill that has been used in the other work connected 
"dth making the report. Further information on preparing statistical reports for 
business executives is given in the appendix (see p. 713).
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statistician does not know enough about matters other than statistics, and 
he is considered an outsider by those familiar with the practical side of the 
business.

The difference between the statistician’s profession and such profes
sions as chemistry, engineering, or law must be thoroughly appreciated 
by both the statistician and the business man. The statistician’s work 
ordinarily involves questions of management, with which the executive 
feels that he himself is more familiar than anyone else, while, on the other 
hand, he may not feel familiar enough with such fields as chemistry, 
engineering, or law to make authoritative decisions. The executive 
may not understand chemistry, but he will accept the statement of a 
skilled industrial chemist that a certain process will produce a desired 
result, for the chemist knows that a certain reaction will take place and 
he can prove his process experimentally. The business statistician, 
however, has no such direct appeal to the confidence of the executive; 
his results are usually much less definite and depend upon the reactions 
of human beings who often are affected differently by the same stimuli. 
What the business statistician does is to interpret the meanings of figures 
relating to matters with which the executive has had long and intimate 
contact. Consequently, the executive is not satisfied unless he can 
understand in a general way how the statistician reaches his findings.1

Although the situation has improved materially during the last few 
years, a better understanding of practical usableness by the students 
who are to become statisticians, as well as by the students who are to 
become executives, will do much to eliminate the poor cooperation or 
lack of cooperation which still exists in many instances. The statistician 
must use his methods in such a way and present his results in such a way 
that the general processes and solutions will be intelligible to those who 
are to base their decisions upon them. When it is imperative that 
highly refined methods be used, the statistician must see that his tech
nique does not obscure his results. In the last analysis, the value of 
statistics depends upon the use that can be made of them.

Cooperation Necessary.—“ As has previously been indicated, any 
successful program must be based upon a policy of gradual development, 
with the closest of cooperation between statistical and administrative 
forces. Each subordinate executive must feel that he is directing, and to 
a large degree is planning, his own statistics. The most fatal of all 
steps is to attem pt to impose statistical control as a supermanagement 
over a skeptical and unwilling organization.

1 See Leonard P. Ayres, “ The Dilemma of the New Statistics,” Presidential 
Address, Eighty-eighth Annual Meeting, American Statistical Association, December
29, 1926; published in the Journal of the Am erican Statistical Association, March 1927.

“ Beyond this initial requirement, there is the need for a continuing 
practical touch in every angle of the statistical work. The actual reports 
and analyses will vary in type from business to business, and from month 
to month in any given business, but the basis for all internal statistics 
must be accurate and properly filed records of current and prospective 
activities. I t  is much more important to know just where and how 
fundamental information may be obtained, when needed, than it is to 
multiply routine reports and compilations. Ordinarily it will be found 
that the primary records need only the most inexpensive kind of revision 
to make them thoroughly adaptable to all further requirements.

“ With this solid background of accurate records once established, it is 
Possible to simplify greatly the reports which form the basis for routine 
statistical control. Each analysis, to justify itself as a routine report, 
must have a definite relation to executive action, and its indications must 
in every case be positive, either that conditions are satisfactory or that 
they are unsatisfactory, and, if the latter, where and why. Furthermore, 
the frequency of each report must be adjusted to executive requirements.

Multiplying Executive Power.—“ The final test of the value of statis
tical control will lie in its success in multiplying the power and increasing 
the effectiveness of the responsible executives. I t  is a basic principle in 
business economics that the efficient size of an enterprise is determined by 
the point of balance between the increasing efficiency of processes and 
methods, and the decreasing efficiency of the human element, with 
growth in magnitude. When the volume of business is once great enough 
to permit full efficiency in processes and methods, further growth is 
ordinarily limited by the ability of a small group of active managers to 
spread their personal influence and enthusiasm throughout the 
°rganization.

“ I t is here, in particular, that properly planned statistics have their 
greatest usefulness. If the executive will ask himself specifically and in 
detail what items and conditions he must watch and when he must act 
"-if he will take each recurring problem and determine what facts are 
Necessary for his decisions—it will not be difficult for a trained statistician 
to set up a series of periodic or special reports of such sort as to make the 
Majority of these decisions a m atter of relatively simple routine.

“ This picturing of a whole business so that the essentials stand out 
sharply from the mass of detail, is the essence of statistical control. 
Charts, tabular statements, and narrative comment may be combined 
according to the taste of the executive. Many experiments must be 
J^ade and abandoned before satisfactory results are finally obtained.
1 here will always be new problems to be met and new conditions to be 
analyzed. But, in the end, the executive who perseveres will find a 
ftew range of vision in his business, a new length of arm and certainty of
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hand in his management of affairs, and a new power and responsiveness to 
brake or throttle in his whole organization.” 1

Questions and Problems

1. What is meant by statistical control in business?
2. What are the four main types of internal organization of business, and why 

must these be distinguished in considering executive control and management 
statistics?

3. What is the relation of the chief executive to the internal organization?
4. Why is it necessary to distinguish between statistics and accounts in statistical 

control?
5. In order to control effectively the operations of the business, what essentials 

are necessary and why?
6. Of what significance are comptroller’s reports for the chief executive? What 

should these reports include?
7. Describe operating department reports for the chief executive.
8. How can plans of operation be compared with actual performance?
9. How can actual results be compared with standards of performance?

10. What types of external statistics are of value to the management of a con
cern? Explain in detail.

11. Why may all of the different classes of statistics discussed in this book be 
considered as “ management statistics” ?

12. Discuss analysis of competitive strength through comparing costs of doing 
business.

13. Discuss the development of a statistical organization.
14. Are statistical studies practical for small concerns? How? Why?
15. Discuss centralization of statistical control.
16. Explain how data may be routed through an organization for the purpose of 

preparing executive reports.
17. Explain the relation of the statistical department to the management.
18. Is the statistician’s advice ordinarily accepted by the business executive in 

the same manner as the advice of an attorney at law, a mechanical engineer, or an 
industrial chemist? Explain.

19. Why is cooperation necessary throughout an organization if there is to be 
effective statistical control?

20. How does statistical control “ multiply executive power” ?
21. List and describe a set of reports which would be of practical value to the 

executives of an organization with which you are familiar.
22. Prepare a diagram for routing through the organization the data necessary 

for the reports listed in answer to Problem 21.
23. Prepare a detailed plan for organizing a statistical department in a certain 

concern in your city which will cooperate with you in furnishing information.

1 R o r t y ,  M. C., “ The Statistical Control of Business Activities,” H arvard Business 
Review, Vol. I, No. 2, pp. 154-166, January 1923.
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APPENDIX I

SCHEDULE AND QUESTIONNAIRE FORMS

The schedules and questionnaires in this section are presented for the purpose of 
supplementing Chapter II on Collection of Data. When it is desired to prepare 
schedule or questionnaire forms, it is ordinarily helpful if one can refer to representa
tive but varying examples that have been used in actual practice. It is from this 
point of view that the six exhibits, which are presented on the following pages, have 
been selected. (These exhibits are numbered from 220 to 225 inclusive, and are self- 
explanatory.)

6 3 5
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Incorporated placa

Unincorporated place

-EngUih, to if

E x h i b i t  2 2 0 ,-— A n  e n u m e r a t o r ’s  s c h e d u l e  f o r  t h e  1 9 3 0  p o p u l a t i o n  c e n s u s
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MARKET SURVEY

AREA NO.

_________ STORE ROOMS OFFICE BUILPIKGS

S e c tio n  No, T o ta l U n ita  No. V acant T o ta l R en tab le  V acant R entable
1930 '29  '3 0  Area lag , f t . ) Area (aq . t t . )

1930 1930

E x h i b i t  2 2 1 .— An enum erator’s schedule and identification c a r d ,  Kansas C ity  occu 
(or vacancy) survey. (Courtesy, Real Estate Board of Kansas City, M issouri.)
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D e p a r t m e n t  o f  C o m m e r c e

B U R E A U  O F  S T A N D A R D S

WASHINGTON
ADDRESS ROLY TO IN YOUR REPLY

B u r e a u  o f  s t a n d a r d s  September 21, 1929 K k f e r  t o  f i l e  n o .

Name
Position
Address

Dear Sir:

The Department of Commerce and the National Bureau of Economic Research 
have undertaken a joint study of the extent to which Federal, State and local 
public construction (including quasi-public institutions such as endowed uni
versities and colleges) can be adjusted as a practical matter to help relieve 
unanployment in periods of depression and to contribute to business stability 
in general. In this connection we would like to have the following informa
tion from your office:

1. Tor the purpose of taking advantage of depression periods in the 
business cycle, do you attempt to accelerate or retard

(a) new construction?_________
(b) repairs and maintenance ?___________

Remarks:_________________________

2. For the purpose of taking advantage of slack seasons in various lines 
of business and employment, do you attempt to accelerate or retard

(a) new construction?__________
(b) repairs and maintenance?__________

Remarks:_______

3* New construction, fiscal year ending . 1929 $
n  ii n  h  n  t  1 ^ 2 8  $ "

" " « " » , 1927 $
H n n u n  _____, 1926 $
w « " « w _____f 1925 5

U. Repairs & maintenance,fiscal yr.ending 1929 $
« " n n 11 _______ , 1928 $“
11 M " « « ______ , 1927 i"
" " " M " _____, 1926 $“
11 " " « w _____, 1925 $'

As the time allotted to us for making this study is short, your coopera
tion is requested in returning this questionnaire in the accompanying franked 
envelope which requires no postage, so that it may reach us not later than 
October 5*

Yours very truly,

(signature)

Form PW8 Division of Building and Housing.

- ______________________________________________
Exhibit 222.— A combination le tter and questionnaire. W hen both  le tter and question

naire can be short, the combination form is ordinarily the most desirable.
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J o s e p h  ‘R ic h a r d s  C o m p a n y
INCORPORATRD 

» 4 7  P A R K  AVENUE • N EW  YORK

OFFICE OF THE  April 23, 1925.
D IR E C T O R  O F R E S E A R C H

To the
Lady of the House.

Dear Madamr

Won't you do us a favor?

We are called upon from time to 
time to answer many questions about 
household products and we have alway3 
found that the best way to get such 
information is to put the matter up to 
the woman of the house.

So, if you will be good enough to 
answer the few short questions on the 
inside page we shall be a thousand times 
obliged to you. Since your answers will 
be used for statistical purposes only 
you need not sign your name. If you 
wish to do so, however, you may rest 
assured that it will be held strictly 
confidential.

let us thank you in advance for 
any help you may give us.

Cordially,

Director of Research.

E x h ib it  223A .—L etter to  accom pany questionnaire in E xhibit 223B. This letter 
frankly asks a favor, which is a be tte r m ethod th an  to  make an a ttem p t to offer something 
of doubtful in terest in  re tu rn  for the  inform ation, or to give an unconvincing reason why 
the  recipient should fill ou t the questionnaire. (Courtesy, Richardson, Alley & Richards 
Company.)

A P P EN D IX  1

QUESTIONNAIRE

Even though your experience with window shades may be very limited, 
we would greatly appreciate your answering as many of the questions as 
possible and returning them to us.

What make or makes of window shades are you now using ?

When you last purchased window shades what make did you ask for? 
I asked for.......................................................................

I did not ask for any make........................................

If you did not ask for any make, why did you not do so ?

Which do you consider more important, the cloth or the roller (check one). 

Cloth.......................................................  Roller.............................................

Would you expect equal service and satisfaction from two different-priced 
window shades made by the same manufacturer?

Y es...........................................................  N o ...................................................

With what makes of window shades or rollers are you familiar?
Shades Rollers

Please check ( ) that particular make of window shade and roller which 
you like best.

What are your three favorite magazines?
First.....................................................................................

Second......................................................................

Third.........................................................................................................

Do you live in the city or the suburbs— apartment or private house?
C ity.........................................................  Apartm ent....................................

Suburbs..................................................  Private house...............................

K you own an automobile, what make is it?
Our car is a .................................................................

We do not own a car................................................

E x h ib it  223B.—Questionnaire to accompany le tter shown in E xhibit 223/1.
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Dear Sir:

With the object of securing more accurate 
information regarding the present relation of 
sutroly of money to volume of house building, we 
are sending this inquiry to a representative group 
of financial Institutions and builders. Your 
courtesy in furnishing the Information requested 
on the attached card will be greatly appreciated.

If you wish a cony of the report prepared on 
this investigation, kindly make a check mark in 
the space provided on the attached card.

John Doe A Co.

May 1 5 , 1931

FIRST C lA S S  
PERMIT No. 10

(Sec. 3841 PL & RJ

BOSTON,MASS.

BUSINESS REPLY CARD
NO POSTACE STAMP NECESSARY IF MAILED IN THE UNITED STATE-.

2c-POSTAGE WILL BE PAID BY-
JO H N  D O E  8c CO.

1234 M A R K E T  ST..
BOSTON.

MASS.

esident 

ings Bank 

falo, N. Y.

in my opinion, money for smell home construction 

is ss indicated below:

For first mortgages:
F o r second mortgagee:

) very plentiful 
) plentiful 
) scarce 
) very scarce

) very plentiful 
) plentiful 
) scarce 
) very scarce

( ) Send me a reoort 
on your findings.

N a m e :____
( ) I do not care to Address: 

see the report. ----------

E x h i b i t  224 .— 'T w o  s id e s  of a  d o u b le  p o s t  c a r d — p o s ta g e  on  r e tu r n  p o rtio n l t o b e > p a ^  
b y  a d d re ss e e .  T h is  is  a  h a n d y  fo rm , fro m  th e  p o in t  o f v iew  o f bo  se n  e r  e n c lo g ed  w ;t b 
fo r  c e r ta in  ty p e s  o f s h o r t  q u e s tio n n a ir e s .  B u s in e s s  r e p ly  c a rd s  m y  t . a jr
e t te r s  T h e  r e tu r n  p o s ta g e  on  th e s e  c a rd s  is  2 c e n ts  b y  o rd in a ry  m a d  a n d  7 c e n ts  b y  a 

m a il (O n  b u s in e s s  rPe p ly  e n v e lo p es , th e  p o s ta g e  is 4  c e n ts  b y  o rd in a ry  m a il  a n d  7 c e n ts

a ir  m a il.)
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A utom atic Pencil

H a n d so m e  o v e rs iz e  lac 
quered barre l, au tom atic 
pencil. Propels, repels, 
a n d  e x p e l s  l e a d .  
E r a s e r  a n d  e x t r a  
leads under cap.
E x a c t  s ize  il
l u s t r a t e d .
Check here  
i f  you se
lect this 
gift-
a

G e n u in e  B ux
to n  K e y ta in e r ,  

m ad e  o f  se lec ted  
black lea ther, w ith  

s ix  swivel hooks. P ro 
tects both keys and  pock

et. E x a c t size illustrated. 
Check here i f  you select this

Vf*..................□

December 1929
Dear Subsoriber:

want" to ^ S u c c e s s f u l  Farming subscribers
bet te r each year U3 makine th® magazine Increasingly

f f i u S J S J x ' & S g . ' S i S S r  so“ e
qU™a??™Sgi"° ? M rf oJ5er!’aderS t0 gl'"> US tl,e ir rspli6s 10 th6
A+hia!rQ ^ n^ bf r 0f ?uesti°ns are just as they will appear in 
the 1930 Census schedule, which you will be required by the 
government to fill out within a few months. We are, therefore, 
particularly anxious to have your replies so we can know how our 
subscribers compare with farmers in general.

NOW THEN We need this information just as soon as you can eet 
it to us and if you will fill out and return this folder so it 
will reach us before the end of December we will send you, as 
evidence of our appreciation, either one of the gifts illustrat
ed above. The enclosed envelope does not need to be stamped.

Thank you.

J ™  • RK SUCCESSFUL FARMING.

Please mail the gift I have selected to me as follows:

R.F.D._
;e nam e and addrcu  clearly so yo u r rew ard will reack  you)

U n i ? 225 -— A d e fin ite  re w a rd  is  o ffered  to  g e t  re c ip ie n ts  to  fill o u t  th is  q u e s tio n n a ire . 
e x u t u  g <l u e s t lo n n a ir e a ’ e sp e c ia lly  w h e n  th e y  in q u ir e  in to  p e rs o n a l a ffa irs  to  th e  
offpj1!, e x a m p le  does, o rd in a r i ly  r e q u ire  t h a t  s o m e th in g  o f a p p re c ia b le  v a lu e  be

11 a d e q u a te  r e tu r n s  a re  to  b e  re c e iv e d . (Courtesy, Successful Farming.)
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How many acres are there in your farm .....................How many acres are in crop land ?.... . ^ ........... In )>asture ? (AH land

used for pasture which could be plowed and used for crops without clearing, draining, or irrigating)................In all woodland ... ... ■

In all other land?...................How many acres in your farm do you own?...................... How many acres do you rent from

others?.................... Do you rent from an owner to whom you are related ?...„..... ........ Do you operate your farm for others

as a hired manager ?...................What is the total value of your farm, that is, the amount for which it would sell ? $...............

What is the value of all buildings on your farm? (Included in previous question) $.............................. What is the value of your

home? (Included in previous question) §.............................. What is the value of the implements and machinery on your farm,

including automobiles, trucks, and tractors? $........................- ..........

Please give-us-thc following information about the equipment on your farm:

i' ou Expect to 
Buy Within

2 Years Makes Expect to  Buy

Automobile...............................

Truck ......................................

Tractor .....................................

Stationary E ngine....................

Combine ...................................

Manure Spreader.....................

Electric Farm Lighting Plant..

Other Farm Lighting Plant___

Electric Refrigeration..............

Milking Machine ...................

Cream Separator....................

Radio ......................................

What are the sizes of your trucks?...................... Please check each of the following which you have in your home: Running

water to the kitchen □  Running water to bathroom □  Highline electricity □  Telephone □  Will you please list the 

electric household equipment you have ?.................... ................................................ ............................................................... —

How many head of animals do you own ? Horses 2 years old and over ?....................«Mules 2 years old and over ?...... ............
Number Number

Cows and heifers 2 years old and over kept mainly for milk production ?...............Dairy cattle under 2 years of age
Number Number

Beef cattle?..............-...Hogs?...................Sheep?...................Chickens?.-................How many cows and heifers, both beef
Number Number Number Number

and dairy types, did you milk during all, or any part of 1929?----- ..........—— .......... - .... -............ ...........................................
(P ira te  an tw er a lto  question» on other pa te*)

E x h i b i t  225.— (Continued.)
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II you please give us the following information about the crops raised on your (arm in 1929:

Quantity Harvested 
in 1929
Bushels

Quantity Sold 
or to be Sold 

BusheU

Corn ...............................................................

All w heat.........................................................

O a ts ............................................................................

Barley ....................................................................

Rye ..........................................................................

Clover .....................................................

Alfalfa ..................................................................................

All other la y ..........................................................

Irish or white potatoes.................................................

All other vegetables...................................fc l„  tar ,
a h . . .  s vested and sold > All other crops...........................................[for these itemsj

Ton*

Too»

i 1929?................. Do you use commercial fertilizers?...................How mahy
Ton. Y „  „  No

tons in 1929?...........  ...... What was the total value of all fruits sold in 1929? $.........................What was the value o f

all forest products (lumber, posts, etc.) sold in 1929? $..........................

Please give us the following information about your buildings, and building plans for the next two years:

Check the Build- Check the Buildings Check the 
ingsY ouA re You Are Planning Buildings You Are 

Planning to Paint to Re-roof Planning to Erect 
Within 2 Years Within 2 Years Within 2 Years

Materials W ill Uses 
(Lumber, Brick, Hollow 
Tile, Cement and Stone)

House ........................

Uarn ..........................

Poultry H ouse ..........

Hog H ouse...............

Silo ...........................

Garage.......................

Machine S h e d ..........

Milk H o u se ..............
Granary.....................

Corn C rib ..................

Other Buildings........

Check your preference for wall finish in your new home: Wall paper O  Tinted walls □  Painted walls □  What type of

water system do you have ?............................. ...... ....................What make >Tw ................ iitakV....................
Are you planning to buy a new water system within two years?...........................What tVpe>

Ye* or No .............  ...........................................
What make ?................. ... ..................... Maka" ’ ....... ................. — ..................... •••

(Float* antw or a lto  qnottlon i on other par**)

E x h i b i t  225.— ( Continued.)
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What was the total production of milk on your farm in 1929?—...............How much did you sell as whole milk ?—
Gallon*

„H ow much cream did you sell as butterfat in 1929 ?...Pounds of Butterfat

cream did you sell not as butterfat in 1929?...._________ Value? $............... — ........... How much butter did you churn in
Callona

........„..Please give the number of registered

.. Horses ?.-------------- — Hogs ?.... ...............—

Sheep ? _ ...............What modern equipment do you have in your bam ? Steel stanchions □  Ventilators □  Water bowls □

Please give us the following information about your sales and slaughter of livestock:
Animals Slaughtered 

Live Animals Sold on Your Farm for Home
________________ —----  Use or for Sale ' Valu«°*.

Number Value Number Meat Sold

Calve* under 1 year of age.............................................................$.......................  ......... —  *— ....  ....

Beef cattle (excluding calves).......................................................$.......................  ..... .......... $.......................

Dairy cattle (excluding calves).................................  ..............$---------- —*—■ — ------  $•”....................

Hogs and pigs.............................................................  ........ ...... $-----------------  -----------  $.......................

Sheep and lambs......................................................... .............. .$.--------- — — ------ $.....................

Horses and colts.............................................................. ——— -----------------

Mules and mule colts.......................................................................$...................—

Do you haul your livestock to market in your own trucks?— ..... ...— If so how long is your average haul?..... ................

Do you hire your livestock trucked to market?™.......... ........ If so, how long is the average haul ?......................How many
1 J Ye. or No M,l“

chicken eggs were produced on your farm in 1929?-----—.............How many did you sell?—— —..... .Value? $...................

How many chickens did you raise in 1929?.----- How many of these did you buy as baby chicks?.......................~................

Do you use a commercial chick starter ?— ......... ........ What brand ?.—..... -............. .................. How many chickens did you
Y « or No Brand

sell alive or dressed in 1929?.—..............Value? $.... ..............What was the total value of honey sold in 1929? $...................
Number

What was the total value of wool sold in 1929? $____________ Please check the kind of road which adjoins your farm:

All-weather □  Improved dirt □  Unimproved dirt Q  If on dirt, how far are you from an all-weather road ?.———...... -

Are you a member of a co-operative marketing or purchasing organization ?.......—............... Arc you a member of a cow

testing or herd improvement association?..... ........ ........ What editorial subjects in Successful Farming are most interesting

and helpful to you and your family?.—.— ---------- ------- — —------ —■—•— —----------—--------------- --------- --------“—

W e  would like to have you use this space to tell us of any improvements you think could be made in Successful Farming 

to make it more helpful to you..— —....... ............... ......................... ........ ........ ..................—......... .......................................... *

e  answer a lio  question» on o the r page»)

E x h i b i t  225.— (Concluded.)

APPEND IX II

MECHANICAL AIDS IN STATISTICAL WORK

The usual problem in business statistics requires the handling of so many figures 
that long-hand methods are too laborious and too expensive to be practical in carrying 
out such processes as counting, adding, computing, sorting, and tabulating. It is, 
therefore, essential that one appreciate the use of certain mechanical devices which 
Perform these operations with far greater rapidity than they can be performed by 
human hands.

It is the purpose of this appendix to describe briefly several machines (some of 
which have been mentioned previously) which assist in collecting, sorting, tabulating, 
and computing. While the machines described are representative examples of those 
that are in common usage, many other valuable mechanical devices are also available.

reader will find many good suggestions on this subject by referring to the adver
tisements in business magazines.

Counting Devices—the Tallying Machine.— In making traffic counts of automo
biles, pedestrians, etc., in connection with such problems as the locating of stores or 
display rooms, a counting device known as the “ tallying machine” or “ counting 
clock” (Exhibit 226) is very useful. With this device, each vehicle or pedestrian can 

enumerated by the observer by pressing the knob on the tallying machine without 
diverting his attention from the objects to be counted. As traffic counts require 
<luick observation and enumeration, this simple device materially assists in obtaining 
°°inplete and accurate observations.
, In tabulation work, the tallying machine is often used in counting individual 
items which are recorded on schedules or questionnaires. In many instances, this is a 
? ore rapid method than using the tally sheet, which was described in connection with 
Exhibit 6 on page 50.

Sorting and Tabulating Machines.— When large masses of data have been col- 
e°ted and recorded, it is often necessary to sort and tabulate the items according to
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A B C D
lPf f l XHIBIT 226~ ‘Counting or tallying machines. C is designed to  fit the fingers of the 
eit hand. A. It, and D m ay be held in either hand. The watch p a tte rn  machine (D) 
8 operated by pressing the stem knob. (Courtesy, Eugene Dietzgen Company.)
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A.— An I.B .M . 80-column “ shipm ents” tabu la ting  card.

STO R E S  R E Q U IS IT IO N  C A R D
7 5 3  1

A m ount
9 8 6 4  2

Account NumberStores Account Vendor NumberRequisition
Number

Store

Account
Number

SuffixNumber

B.— A Powers 45-column “ stores requisition” tabu la ting  card

':|0 'i 
Job Number

# l P A Y R O L L — L A B O R — P R O D U C T IO N

1 2 5 3 8 5 3 7 5i 1 5 3 9. | l  6 V 5 la 8,3 1.
kak amas.

c .—A Powers 90-column “ pay roll and production” tabulating  card. 
E x h i b i t  227.—Code cards used with I.B .M . and Powers tabulating  equipment, 

size of cards is 3J by 7jj inches.)

A. W
. T. 

C
O

.
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many and various classifications. As mentioned in Chapter IV (pages 53 and 54), 
sorting and tabulating machines are manufactured by The Electric Bookkeeping and 
Accounting Machine Division of the International Business Machines Corporation, 
and the Powers Accounting Machine Division of Remington Rand, Inc. Throughout 
the remainder of this discussion, the tabulating systems and equipment of these 
concerns will be referred to as “ I.B .M .” and “ Powers,” respectively. I.B.M. 
machines are not sold outright but are leased on a monthly contract basis. Powers 
machines are both leased and sold outright.

The principle upon which sorting and tabulating machines operate is similar 
to that of the player-piano. Everyone is familiar with the parchment rolls that 
operate player-pianos by means of holes punched on the rolls according to the notes of 
the composition. For mechanical sorting and tabulation, statistical data and other 
information which Can be reduced to a numerical code are recorded on especially 
prepared tabulating cards by means of punched holes. The position of a hole in a 
«ard represents a figure. An electrical contact is made through the hole in the case of
I.B.M. equipment, and a mechanical plunger passes through the hole in the case of 
Powers equipment. On the basis of the position of the contact or plunger, the cards 
are sorted and tabulated mechanically. Some of the tabulating machines list as well 
as add the data and count the cards, whereas other machines only count the number 
°f items (or cards) and add the data according to different combinations selected. 
In the latter machines, the results are read from the machines, whereas, in the former, 
Permanent listings of the items and the results are obtained.

The 80-column card, such as the one illustrated in Exhibit 227A, is now commonly 
used in the I.B.M. system, but 45- and 34-column cards are also available. In the 
Powers system, both 45- and 90-column cards are used, see Exhibit 227B  and C. 
In referring to the 90-column card (Exhibit 227C), it will be seen that there are only 
six positions available for each card column. Therefore, in order to provide for 
the standard 10 digits (0 to 9, inclusive), numerical designations are expressed both 
by single-hole punchings and by combined-hole punchings. That is, the 0 and odd 
digits (1, 3, 5, 7, and 9) are single-hole punched, and the even digits (2, 4, 6, and 8) 
are combined-hole punched. Referring to the x2 position at the top of a column, if it 
alone is punched, the single hole will sort and tabulate on 1, but if in addition the 
«ross ( + )  at the bottom of the column is punched the card will sort and tabulate on 2. 
This system will be made clear by a study of Exhibit 227C, which shows how the 
numbers typewritten at the top of the columns can be punched on the card.

Various kinds of machines are furnished for punching and tabulating cards. 
Some of the more important types are illustrated in Exhibit 228. In using the I.B.M. 
electric key punch, the operator presses the key for each column and as each column is 
Punched the card is automatically moved into position for the next column punching. 
Pressing the keys on the Powers punch sets the column punches in position, and then, 
when all punches are in the proper position, the holes are made in one operation. 
The electric duplicating key punch is used to duplicate all data common to more than 
°ne card, such as date, branch, and salesmen. In this machine, the cards are fed from 
the magazine to the punching mechanism and the holes are automatically punched, 
duplicating data from selected columns of a card to be copied, prior to punching the 
remaining data by hand operation. The alphabetic punches (Parts C and D, Exhibit 
228) are arranged to punch names and words as well as numbers, by means of a code. 
When the cards are run through the alphabetic printing tabulator, the names of the 
customers, or employees, etc., are printed on the tabulation sheets. The Powers 
Punch, illustrated in Exhibit 228, Part D, automatically punches the one or two holes 
required for indicating odd and even digits on a 90-column card.
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Sorting machines are illustrated in Exhibit 229. The cards are automatically 
placed on the conveyor which carries them past the individual pockets until they 
arrive at the particular pocket into which they are to be dropped according to the 
holes punched in the column for which the sorting gage has been set. The I.B.M. 
sorter (Part A ,  Exhibit 229) is available in two models. One model operates at a 
speed of 400 cards per minute and the other sorts 225 cards per minute. Two Powers 
sorting machines are available—one which sorts 45-column cards only, and one which

E x h ib it  228.— Machines for punching tabu lating  cards. A . E lectric key punch. 
B. M otor-drive duplicating key punch. C. A lphabetic prin ting  punch. D. A 4 5 -  and 
90-column alphabetic punch. (A, B, and C, courtesy, International Business Machines 
Corporation; D, courtesy, Remington Rand, Inc.)

sorts both 45- and 90-column cards, see Exhibit 229, Part B. The Powers machines 
sort 420 and 250 cards per minute.

The I.B.M. tabulator, designated as the “ Electric Accounting Machine” (Partv4, 
Exhibit 230), is a multiple adding, subtracting, classifying, and printing machine, 
which, actuated by punched tabulating cards, produces printed tabulations. It 
will list details from individual cards or it will print designations and totals, net 
totals, and accumulated net totals. On the model shown, group totals from as many 
as five counters can be taken simultaneously, or seven banks of information may be 
listed at one time, accompanied by five totals. The machine capacities for listing and 
accumulating vary with the individual models. The machine can be instantly trans
formed into a “ lister” which prints in itemized detail the information recorded on
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the cards, and at the same time accumulates the desired quantities, which totals are 
then printed in their respective positions. The machine is equipped with an auto-

A B
E x h i b i t  230.—T abulating  machines. A . An I.B .M . tabu la tor (“ Electric Accounting 

M achine”). B. A Powers 45- and 90-column tabu lator. (A , courtesy, International 
Business Machines Corporation; B, courtesy, Remington Rand, Inc.)

matic plugboard, similar in principle to a telephone switchboard, by means of which 
any desired arrangement of data can be obtained from the punched cards. The 
machine is available in three, four, five, six, or seven bank models, each of which may 
be equipped with from two to five counters. These models operate at speeds of from

A B
E x h i b i t  2 2 9 .— H orizontal sorting machines. A. I.B .M . sorting m achine. B . Powers 

sorting machine. (A , courtesy, International Business Machines Corporation; B , courtesy, 
Remington Rand, Inc.)
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75 cards per minute, for both listing and tabulating, to a listing speed of 120 cards per 
minute and a tabulating speed of 150 cards per minute.

The Powers 45- and 90-column tabulator (Part B, Exhibit 230) has been designed 
to tabulate both the Powers 90-column card and the 45-column card. Information 
punched on cards is compiled and printed by this machine in any form desired.

C
E x h i b i t  2 3 1 .— Adding machines. A. Burroughs adding machine. B. Sundstrand 

adding machine. C. Rem ington R and adding m achine. (A, courtesy, Burroughs Adding 
Machine Company; B, courtesy, Underwood Elliott Fisher Company; C, courtesy, Remington 
Rand, Inc.)

This type of tabulator will perform automatically the operation of adding and direct 
subtracting and will produce sub or grand totals, or both. The printing capacity 
of the machine is in no way affected when grand totals, in addition to sub totals, are 
obtained. Grand totals are printed directly under the sub totals. Instead of a wiring 
set-up, the Powers tabulator is equipped with a “ multiple translator” which is a 
mechanical device that makes it possible to effect a series of set-ups, whether simple or 
intricate, in a few seconds. One translator will of itself serve a plurality of applica
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tions— enough in most instances to satisfy the requirements of the average installation. 
The speed at which this tabulator operates is 100 cards per minute.

It should be appreciated that although the I.B.M . and Powers machines are 
similar in many respects, there are many cases where one will have an advantage over 
the other. For this reason many organizations use both kinds of equipment. The 
question as to which one should be used, however, is one which can be answered only 
by an experienced operator.

Adding and Calculating Machines.— Adding-listing machines are so commonly 
used that a detailed description need not be given here. There are two main types 
of such machines—those with a keyboard similar to the Burroughs and those with a 
keyboard similar to the Underwood Sundstrand or Remington Rand (Exhibit 231). 
Both types are available in the hand-operated and in the electric motor-driven models.

A B
E x h i b i t  232.— “ K ey-driven” calculating machines. A. Com ptom eter. B. B ur

roughs calculator. (The models illustra ted  are m otor driven.) (A, courtesy, Felt and 
Tarrant M anufacturing Company; B, courtesy, Burroughs Adding Machine Company.)

The numbers are placed in the ordinary adding machine by pressing keys and either 
turning a hand crank or touching an electric key which causes the motor to place the 
numbers of the depressed keys in the machine. Machines such as those shown in 
Exhibit 231 automatically list the data and the totals on tapes. These tape records 
are a great convenience in checking.

While adding machines are used principally for addition, they can also be used 
for subtraction, multiplication, and division. After setting the key for “ subtraction” 
and placing in the machine the amount from which subtraction is to be performed, 
the amount to be subtracted is then placed on the keyboard and the crank turned, 
leaving the difference. (It is to be noted that all models are not equipped with the 
subtraction key.) Multiplication is performed by pressing the “ repeat” key and 
successively adding the amount to be multiplied the desired number of times, and 
repeating the process in the next decimal place for each digit of the multiplier. In 
dividing, the divisor is successively subtracted from the amount into which it is being 
divided, the quotient being the number of times this subtraction is made before zero 
is reached, again utilizing the shift of decimals.

Calculating machines perform the same functions as the adding machines just 
described, though they do not list the data. However, multiplication and division 
can be performed with much greater ease and speed on the calculating machines, 
and consequently, because of this advantage, they are ordinarily preferred for such 
operations.
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The Comptometer and the Burroughs calculators (Exhibit 232) are key-driven 
machines which add, subtract, multiply, and divide in much the same manner as the 
adding machine, except that the pressing of the keys causes the rotation of the count
ing mechanism and places the numbers in the counters of the machine without turning 
a crank or touching an electric key. In the electric machines depressing the keys 
actuates a motor which completes the operation. The hand or motor crank is used to 
“ clear” the machine before starting a new computation. As with the adding machine, 
multiplication and division are performed as variations of addition and subtraction, 
respectively.

In calculators such as the Monroe and the Marchant (Exhibit 233), the hand or 
electrically operated crank drives the calculating mechanism. These machines are 
used chiefly for multiplication and division. The following description, which indi
cates the methods of operating these machines, is applied to the Monroe specifically,

A B  E x h i b i t  233.—■“ Crank-driven” calculators. A. Monroe calculator. B. M a r c h a n t  
calculator. (Ihe models illustrated are electrically cranked.) (A, courtesy, Monroe 
Calculating Machine Company; B, courtesy, Marchant Calculating Machine Company.)

but the Marchant is operated similarly. The Monroe has three dials: one (upper 
right) to indicate the number of times the crank has been turned, one (lower) to 
indicate the amounts accumulated (in multiplication) or remaining (in division) 
after the crank has been turned, and one (upper left) for special purposes. In multi
plication, the amount to be multiplied is placed on the keyboard by depressing the 
proper keys, and the “ repeat” key is depressed. If it is desired to multiply by 653, 
the crank is turned three times and the entire carriage in which the counters or dials 
are shown is shifted one position to the right by means of a turn key on the front of 
the machine. The crank is then turned five times and the carriage is again shifted 
to the right, whereupon the crank is turned six times. The result is shown in the 
lower dial, and the number by which the amount on the keyboard has been m ultip lied  
(653) appears in the upper right dial, this being the number of times the crank was 
turned in each position of the carriage. In dividing, the dividend is first placed in the 
lower counter of the machine by depressing the keys and turning the crank once in 
the usual cranking direction. The upper counter is then cleared by turning the crank 
opposite it, and the keyboard is cleared by pressing the key which is provided for this 
purpose. The divisor is then placed on the keyboard, and with the repeat key 
depressed, the machine crank is turned in reverse direction to that used in multiply
ing. This subtracts the divisor amount from the dividend in the lower counter, and
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when the divisor has been subtracted from the amount directly above it as many times 
as it can be without leaving a negative result, the carriage is shifted to the left and 
the cranking is continued. The quotient (which is the number of times the divisor 
on the keyboard is contained in the dividend in the lower couhter) appears in the 
upper right counter. Care must be taken to have the divisor on the keyboard directly 
below the dividend, and to point off the decimal place properly in the quotient.

The Slide Rule.— The slide rule is not only an indispensable aid to the statistician 
and engineer, but it is also a very valuable help to the manufacturer, merchant, banker, 
and all others whose occupation or business involves calculations. Although the 
slide rule has the general reputation, among those who are not mathematically trained, 
of being a mysterious and complicated instrument, its operation actually is relatively 
simple, and it can be used readily by students in the higher grades of the elementary 
schools.

It will be the purpose of this discussion to describe merely the simpler operations 
of multiplying, dividing, squaring, and finding square root. For explanation of 
more complicated operations, the reader is referred to the special manuals on slide-rule 
operation.

If one who wishes to learn to operate the slide rule already knows how to use 
semilogarithmic coordinate paper, he can use this knowledge as a basis for operating 
the slide rule. He already knows that if he has two identical logarithmic scales and 
slides one along the other as in Part A , Exhibit 234, wherever he stops, all the numbers 
on the top scale will bear the same proportion to those opposite them on the bottom  
scale. This is a leading principle of the slide rule. Therefore, referring to the C 
and D  scales in Part B, Exhibit 234, slide the slide as we will, we find that:

( Any number) ( The number ) \ Any other ) ( The number | 
f on C ) (under it on D  } ' '  (number on C)  ' }  under it on D  5

Suppose then that we wish to solve the following problem:

5 : 6 : :8 :x

To do this (using the C and D scales) set the slide rule as follows:

C | Set first term (5) | Under third term (8)
D  | over second term (6) | find fourth term (9.6)

The above setting is illustrated in Part B, Exhibit 234. The slide is set so that 5 
(C scale) is over 6 (D  scale), and under 8 we read 9.6.

Multiplication and division resolve themselves into proportion. For instance, 
the proportion 1:12::5 :60  is but a simple problem in multiplication, 12 and 5 being 
the two factors and 60 their product.

Therefore the rule for multiplication is:

C | Set 1 | Under the other factor (5)
D  | over 1 factor (12) | read their product (60)

In Exhibit 234, Part B, the slide is set for performing the above multiplication. 
(Note carefully that the small 2 on the D  scale under the large 1 on the C scale repre
sents 12, as it is not read alone, but with the large 1 at the extreme left.)

If we wish to multiply 12 times 9 and set 1 over 12 as illustrated in Part B, Exhibit
234, we find that to read under 9 we need another cycle of the logarithmic scale. To 
secure this effect, we simply move the slide one full cycle to the left, setting the right-
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end 1 over the 12 as illustrated in Part C, Exhibit 234. Then under 9 we read the 
desired product (108).

In division, the proportion discussed above (1 :12: :5:60) is reversed and becomes 
5:60: : 1 :12.

The rule for division is, therefore:

C | Set divisor (5) | Under 1
D  | over dividend (60) | read the quotient (12)

Referring to Exhibit 234, Part B, set 5 over 60 as shown and under 1 read the quotient 
(12).

Some slide rules have a C l  or inverted C scale. After one becomes reasonably 
familiar with the instrument, the use of the C l  scale greatly facilitates the process of 
division. The rule for division with the C l  scale is: Set 1 over the dividend, and 
under the divisor read the quotient.

A convenient setting for computing percentage relatives .is:

C | Set base figure (80) | Under other figure (160)
D  | over 100 | read percentage relative (200)

The preceding setting is also convenient when dividing each number in a long 
series of numbers by one divisor. Using other terms, this setting is as follows:

C | Set divisor (5) | Under the dividend (60)
D  | over 1 | read the quotient (12)

In the two preceding settings the slide remains in one position for the dilferent 
operations except when it is necessary to shift the slide a full length.

To square a number, use the scales designated A  and D in Part B, Exhibit 234. 
Suppose that we wish to square 3. Set the hair-line of the indicator at 3 on the D  
scale. Then directly above, on the A  scale, read 9, the desired square.

To find square roots, simply do the work in reverse order. To find the square root 
°f 9, for instance, set the indicator hair-line at 9 on the A  scale, being careful to use the
9 on the left-hand half of the rule, because the other 9 is really 90. Directly below on 
the D scale read 3, the desired root. (Note that the 9 on the left-hand half of the rule 
is 9, 900, 90,000 or .09, .0009, etc., while that on the right-hand half is 90, 9,000,
900.000, or .9, .009, .00009, etc.)

In using a slide rule, the operator may assume any number of ciphers preceding or 
following the numbers on the C and D  scales. That is, 5 may be .0005, .005, .05, .5, 5, 
50, 500, 5,000, etc. There are definite rules for pointing off decimal places in slide-rule 
eomputations, but the usual method is to point off by inspection.1 One ordinarily 
knows that an answer is between 10 and 100, between 100 and 1,000, etc., and the 
slide rule enables him to locate it between these limits.

The accuracy to which the slide rule can be read is proportional to the unit length 
of the scales used. The 10-inch rule gives results correct to within 1 part in about
1.000, or one-tenth of 1 per cent. The 20-inch rule gives results correct to within one 
Part in about 2,000. The Thatcher cylindrical slide rule (Part D, Exhibit 234) gives 
an accuracy to about 1 part in 10,000.

1 For descriptions of methods of pointing off in slide-rule computations, see 
Manuals furnished by instrument companies.



APPENDIX III

A knowledge of statistical drafting is valuable from many points of view. It may 
serve as an immediate means of securing a position in a statistical department because 
it is a definite attainment which can immediately be capitalized upon by the employer, 
and one can show what kind of work he can do when he applies for the position. 
Later, when the statistical draftsman has worked his way up in the department, his 
knowledge of drafting will be of value in supervising the work of others. However, 
whether or not one ever becomes a professional chart maker, actual practice in 
drawing and lettering statistical charts gives valuable training in accurately and 
correctly reading data presented in the graphic language, and enables one to judge the 
work of others with greater proficiency.

This discussion on the technique of chart drawing and lettering is designed to 
cover briefly: (1) drawing equipment and its use; and (2) lettering.1

DRAWING EQUIPMENT AND ITS USE

When selecting drawing equipment, one should select the best that can be afforded, 
for success in charting depends to a considerable extent upon the quality of the instru
ments and materials used. The following list includes the instruments and materials 
necessary for ordinary work in graphic presentation of business statistics:

L i s t  o f  I n s t r u m e n t s  a n d  M a t e r ia l s

Set of drawing instruments in case, includ- Lettering pens (assorted sizes), pen- 
ing compasses with needle point, pen, holders, 
pencil, and lengthening bar; dividers; Drawing pencils, 
bow instruments; and ruling pens. Art gum, erasers, and erasing shield.

Drawing board. Thumb tacks.
^-square. Paper,
45- and 30-60-degree triangles. Other equipment which may be included
French or irregular curves and ship is mentioned in the description.

curves. Instrument dealers’ and manufactur
e-in ch  scale (statistician’s scale pre- ers’ catalogs will furnish additional 

ferred). suggestions.2
Protractor.

Charting Paper.— Selection of paper depends upon the use to which it is to be put 
and the personal taste of the individual, but, in general, it is best to avoid cheap grades. 
A good paper should be strong, of uniform thickness and surface, should stretch evenly,

1 This discussion of “Statistical Drawing and Lettering” is abstracted from 
John R. Riggleman, “ Graphic Methods for Presenting Business Statistics,” McGraw- 
Hill Book Company, Inc., New York, 1936. Credit should also be given to Thomas 
E- French’s “ Engineering Drawing,” McGraw-Hill Book Company, Inc., New York, 
for many of the ideas presented in this discussion.

2 See especially the catalogs of Theo. Alteneder & Sons, Philadelphia; Keuffel & 
Esser Company, New York; and Eugene Dietzgen Company, Chicago.
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lie smooth, and allow considerable erasing without spoiling the surface. For high- 
class and lasting work, Whatman’s paper and Reynold’s bristol board are considered 
to be among the best. For most business graphic work, many less expensive papers 
are quite satisfactory if they take ink and color well and stand a reasonable amount of 
erasing.1 Bond and ledger papers are also used to a considerable extent in chart 
making. Detailed descriptions of drawing paper with sizes and prices are given in 
catalogs of dealers in engineers' and draftsmen’s supplies.

For making working drawings and sketches, various kinds of ready-ruled coordi
nate paper are available as described and illustrated on pages 78 and 79. Similar 
forms with months, years, etc., printed in, are also available.

Pencils.—Lead pencils are graded according to their hardness which is expressed 
by numbers with the letter H .2 Personal preferences, vary, but for general use in 
statistical charting, 3H, 4H, and 5H pencils sharpened to long conical points, have 
been found to meet most of the requirements in drawing. A softer pencil (2H or H) 
should also be provided for lettering. The chisel or wedge point is preferred by some 
for hard pencils as it does not wear away so fast as the conical point.

The Drawing Board.— Drawing boards are usually made of well-seasoned, clear, 
white pine, cleated at the ends to prevent warping (Part A , Exhibit 235). The ends 
should be perfectly straight, so that the T-square can be used accurately.

E x h i b i t  235----A . Use of drawing board and T -square. B. Use of t r ia n g le s .

Paper is fastened to the drawing board by means of thumb tacks. It is usually 
cut larger than the drawing to be made, and should be placed on the board squarely, 
with the aid of the T-square, and the tacks pushed in up to the head in order that 
the T-square will not be obstructed.

T-square. I-squares are usually made of hardwood, the better grades having 
the edges of the blades lined with ebony or celluloid. They are used principally for 
drawing parallel lines horizontally and for keeping the triangle in position for drawing 
other lines. Horizontal lines should always be drawn from left to right, and the 
T-square should always be used from the left edge of the drawing board (Part A, 
Exhibit 235 , as the edges are seldom parallel or at right angles to each other.3

1 Keuffel & Esser “Normal” is one of the best of the inexpensive drawing papers.
2 Pencils commonly used are harder as the number increases, and are graded from 

H to 9H. Very soft pencils are graded by their softness which is designated by the 
letter B and a number which increases as the lead becomes softer. Thus (according 
to Keuffel & Esser) from soft to hard, they are 6B, 5B, 4B, 3B, BB, B, F, HB, H, 
HH, 3H, 4H, 5H, 6H, 7H, 8H, 9H. Different companies, however, vary in the use 
of this system.

3 This would be reversed for a left-handed person, of course, who would draw from 
right to left and use the T-square on the right edge of the board.
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Triangles.— Triangles are made of various substances, but transparent celluloid 
is the most popular. Vertical and sloping lines are drawn by setting the triangle 
against the T-square and drawing from bottom to top, as illustrated in Part B, Exhibit
235. Various sizes are made, but a 6- or 7-inch triangle will be found convenient for 
most chart work, especially when 8 | -  by 11-inch paper is used. As celluloid triangles 
warp easilv, care should be taken that they lie flat or are hung up when not in use.

French or Irregular Curves— French or irregular curves and ship curves are laid 
out in combinations of spirals, ellipses, and other such curves as will closely approxi
mate those commonly met with in practice. A smoothed curve is drawn on a statis
tical chart by first locating all the points in the series and then so placing the irregular 
curve that it coincides with several of them. It is shifted from one position to another 
as the line is drawn. It is usually best to sketch through the points a free-hand pencil 
curve that is satisfactory to the eye, and then apply the irregular curve, selecting 
a part that will most nearly fit a portion of the line. It is very important that the 
draftsman indicate in advance on his chart the points where the curvature changes. 
He should then be careful to reverse his curve at such points. Also, it is important to 
select the right type of curve in accordance with the line to be drawn, and to shift 
this curve so as to get a long fit rather than a short one.

Scales.— Statisticians’ scales are made especially for laying out statistical charts. 
The one shown in Exhibit 236 has four different scales: (1) one in ordinary English

E x h i b i t  236.- -A  sta tistician ’s scale. (Courtesy, Theodore Alteneder & Sons.)

rule divisions—sixteenths of an inch; (2) one in decimal parts of an inch; (3) one in 
centimeters; and (4) one logarithmic. This furnishes a scale for making logarithmic 
graduations, and a choice of three units for making various measurements, laying off 
sPaces, or dividing a given distance into a certain number of equal parts. These 
scales are made usually of plain boxwood or 
boxwood with white edges.1

There are two kinds of engineers’ scales in 
common use—known as the ‘ ‘ engineer’s scale 
°f decimal parts, and the “ architect’s scale' 

proportional feet and inches. They are 
made in triangular form and also in sets of 
flat shapes. In chart making these scales are 
Widely used, especially by those who have had 
engineering training.

Protractors.—A protractor (Exhibit 237)
*s a necessity in laying out “ pie charts.” The 
common protractor is a semicircle of 180 degrees, but a more convenient form for 
Pie charting is the percentage protractor made on a basis of 100 parts to the circle.

1 Scale number 2735 of Theo. Alteneder & Sons, Philadelphia, Pennsylvania. 
A triangular scale with logarithmic graduations is made by Keuffel & Esser, New York. 
Special scales for statisticians can be made to order by scale manufacturers.

E x h i b i t  237 .— A  
trac to r. (Courtesy, 
Company.)

percentage pro- 
Eugene Dietzgen
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Compasses and Dividers.— Compasses and dividers are usually included in sets 
of various combinations contained in a special case. The combinations vary accord
ing to the line of work and means of the user, but should contain at least a pair of 
compasses with pen, pencil, lengthening bar, a pair of dividers, and a ruling pen.

E x h i b i t  238.—-Set o f  drawing instrum ents in case. (Courtesy, Theodore Alteneder & Sons.)

One leg of the compasses is fitted with a needle point, and the other may be fitted 
with either a pencil or a pen by means of a shank and socket (Exhibit 238). With 
most instruments the needle is separate and has a square shoulder on one or both 
ends from which a minute point projects. Before using compasses, this needle point 

should be adjusted by attaching the pen and setting the needle a trifle 
longer than the pen (Exhibit 239). The needle should be kept in this 
position and the lead, sharpened to a fine wedge or long bevel edge, should 
be adjusted to it. This will allow the interchanging of pen and pencil 
without adjusting the needle point.

When drawing a circle, the compasses, held loosely between the thumb 
and forefinger, should be inclined slightly in the direction of revolution' 
Only a light pressure is necessary. For drawing circles larger than the 
spread of the compasses, the lengthening bar (Exhibit 238) must be 
inserted between the leg socket and the pen or pencil.

239^-—AcT Dividers (Exhibit 238) are used for laying off distances, either from 
justment of measurements or from other parts of the drawing, and for dividing lines 
needle point, into equal parts. When laying off equal distances the dividers should 

be turned in opposite directions each time, in order that the instrument 
can be operated readily with one hand.

A form of dividers known as the “ hair-spring” is equipped with a screw adjustment 
in one leg for making fine settings. Combination instruments are made which may 
be used both as compasses and dividers simply by interchanging the pen or pencil 
point for a needle point.
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The bow instruments are used as adjuncts to the compasses and dividers and 
have their special field of usefulness in making circles and spaces which are so small 
that it is difficult to make them with the large instruments. The set of three spring 
bow instruments includes bow dividers or spacers, bow pencil, and bow pen (Exhibit 
238). Since it holds its adjustment, the bow pen is almost indispensable in duplicating 
a large number of small circles.

Ruling Pens.— Ruling pens are made in a number of forms, but all consist of a 
handle bearing two spring nibs which have a thumbscrew adjustment for regulating 
the width of line (Exhibit 238). Some forms have a device which allows the blades to 
be opened for cleaning, independently of the thumbscrew.
For large work a very valuable pen is the form known as jj 
the “ detail pen .”

The ruling pen is filled by placing the ink between the 
nibs with a common steel pen or with the quill filler or 
dropper that is provided with most drawing inks. The ink 
should fill the pen to a height of from ^  to J inch depending 
upon the size of the pen; if too much is used its weight will 
cause it to run out upon the drawing. The width of the line Xf™ITusing ruling 
is varied by changing the distance between the pen points pen 
with the thumbscrew.

The ruling pen is never used free hand, but always with a guiding edge. It should 
be held with the blades parallel to the edge, the handle slightly inclined in the direction 
of motion, and in a plane which passes through the line perpendicularly to the paper 
(Exhibit 240).

Ink will dry rapidly in the point of the pen when it is adjusted for fine lines and 
may refuse to flow after the pen has remained idle for a few seconds. If gently pinch
ing the nibs or touching the point on the back of the finger does not start the flow, 
the pen should be cleaned and filled with fresh ink. Pens should be wiped clean when 
one is through using them, because dirty pens will not draw clean-cut lines and ink

Ragged line  from  d irty  pen

Pen pressed too hard aga/nst guide.

Pen ioo fu ll Not enough ink

Crooked line from using high guide IT^
E x h i b i t  2 4 1 .— Beginners’ common faults in using ruling pens.

Inked lines may be imperfect through the fault of the pen, the ink, the paper, 
°r the draftsman. Exhibit 241 shows several common faults for which the draftsman 
is to blame.

Ink.— Waterproof India ink is usually used for chart making, as it leaves a per
manent black line. It is composed of finely divided carbon held in suspension, with 
shellac added to make it waterproof. Non-waterproof ink flows more freely, but is 
not popular because it smudges very easily. A blotter should never be used on draw
ing ink, as it removes part of the layer of carbon and leaves a weak line.

When they are not in use, ink bottles should be kept tightly corked to prevent 
the ink from thickening and drying up. Drawing ink must not be allowed to freeze, 
as once frozen it is useless.

left in them will corrode the steel blades.

T
Ouide slipped info w et line 

Ink on outside o f pen, ran under 

Pen too close to guide. Ink ran under
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Waterproof drawing inks are also made in a variety of colors. As colored inks 
are thinner, they flow more readily than black when used in ruling pens.

Erasers.— Although but little erasing should be necessary, a good ink eraser should 
be provided for erasing errors in lines or letters. In using erasers, care must be taken 
not to damage the paper or the surrounding work. Erasing shields, usually made of 
thin metal, are used to protect the work around the erasure, which is made through 
one of the slits.

Drawings are cleaned by rubbing with a piece of art gum, or sponge rubber. How
ever, finished drawings should not be scrubbed all over with the art gum or rubber, 
as it takes the life out of the inked lines.

E x h ib it  242.— M ethods of dividing a  given line or space.

Division of Space or Lines with Scales and Dividers.— After the proportions and 
size of a particular chart have been laid out, a simple method of dividing space into 
any number of equal parts is shown in Part A , Exhibit 242. In this illustration, it is 
desired to divide the space into five equal parts, and the scale is simply rotated until 
the spaces can be marked off according to convenient scale intervals as shown. The 
same principle applies to the use of the logarithmic scale (see Part B, Exhibit 242). 
If, in such a case, the logarithmic scale is too short, a line twice the length of the scale 
can be laid out between the limiting lines, and each logarithmic division doubled as it is 
laid out along this line.

Another method which is often used in laying out logarithmic scales (as well as 
arithmetic scales) is that shown in Part C, Exhibit 242. It is desired to divide the 
distance A -B  logarithmically from 1 to 10 with the scale C-D. Place the scale C-D  
a reasonable distance from the line A -B  and perfectly parallel with it. Locate as
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many points along C-D  as are wanted on A -B . Draw the lines B -D  and A -C  and 
produce them until they intersect at E. Then lines drawn from E  through the points 
laid off between C and D  will locate the logarithmic graduations on the line A -B. 
This method, of course, can be used for logarithmic spacing of a distance either greater 
or less than the length of the scale used.

Part D, Exhibit 242, shows another simple method of dividing a line into any 
number of equal parts. To divide line A -B  into, for instance, five equal parts, draw 
any line B-C, and on it step off with the dividers five 
convenient lengths. From C, the last point, draw a line 
to A. Then draw lines parallel to A -C  through the 
points on B-C, intersecting the line A -B  which will be 
divided thereby into five equal parts. Triangle and T- 
square may be used as illustrated for drawing parallel 
lines.

A convenient method for dividing space irregularly 
as, for instance, in laying out a bar chart, where the 
spaces between the bars are not the same as the widths 
of the bars, is shown in Part E, Exhibit 242. With the 
dividers or scale simply lay out the spaces in convenient 
units of the right proportions on a strip of paper some
what longer than the space to be divided, and use the 
strip as illustrated (Part E, Exhibit 242).

Optical Illusions.— In cross-hatching or shading 
areas it must be recognized that one must contend with 
certain optical illusions. Occasionally these illusions 
spoil the effect of the entire chart. Some of the most 
common are illustrated in Exhibit 243. Note that in A
the part of the bar shaded with horizontal lines appears to be narrower than the parts 
shaded with vertical lines. In B, the part of the bar shaded in black appears to be 
narrower than the white parts. In both A  and B, the sides of the bars are perfectly 
straight and parallel. In C, the first and second bars appear to be closer together at 

the ends than in the middle, and the second and third 
appear to be farthest apart at the ends while, as a matter of 
fact, the three bars are perfectly parallel.

A B C
E x h ib it  243.— Optical illu

sions.

OLD ROMAN 

Reman lower case LETTERING

modern roman

COMMERCIAL GOTHIC
E x h ib it  244.— A  few

As far as appearance is concerned, there is no part of a 
chart more important than the lettering. A good drawing 
may be ruined by poor or careless lettering, not only in 
appearance but in its effect, as any evidence of carelessness 
or lack of skill tends to destroy confidence in the work.

Almost any consistent style of plain, neat lettering is 
acceptable in the ordinary course of statistical chart work, 

common styles of letters Ornate lettering has its place among artists and craftsmen, 
used by printers. it is neither practical nor appropriate for business
charts. The most common styles used in statistical charting are the Commercial 
Gothic and the Modern Roman or its modifications (see Exhibit 244).

Lettering Instruments.— Many different kinds of steel writing pens are used lor 
lettering. Exhibit 245 shows several pens which are widely used for making letters 
Under J inch high. The size of pen to be used depends upon the width of line desired 
for the lettering. The pen should be selected which will make the desired width 
Without spreading the point. Steel pens may be inked by dipping them into the
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bottle, but many consider it better to fill them with the quill or dropper. If too 
much ink is used, it has a tendency to run where strokes are joined in the letters. 
The ordinary cork-grip penholder is commonly used, though various other kinds are 
furnished to suit personal preferences.

E x h ib it  245.— Common lettering  pens.

No. 000 00 0 X
E x h ib it  246.— Payzan t lettering pens.

2 a 4 5 8
(Courtesy, Keuffel & Esser Company.)

E x h ib it  247.— Wrico lettering guide and pen. (Courtesy, Wood-Regan Instrument 
Company and The Eugene Dietzgen Company.)

A popular form of special pen for making letters from J to 2J inches high is the 
Payzant pen (Exhibit 246). Uniform lines can be made easily with this pen as it is 
constructed to produce the same width and density of line, no matter in what direc
tions the pen is moved over the paper.
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Letters larger than 24 inches high, such as those used in titles of wall charts, are 
best made by outlining with drawing instruments and filling in, but fair letters may 
be made more quickly by using a brush.

After one has studied lettering and knows what sizes to use, and if one understands 
spacing, the Wrico lettering guides,1 illustrated in Exhibit 247, are very satisfactory 
aids in making more accurate forms. A good form of pen to use with all except the 
smaller of these guides is the Payzant illustrated in Exhibit 246. The special pen, 
shown in Exhibit 247, however, is preferred by many, and it is especially necessary 
tor the smaller lettering.

General Proportions.—There is no standard proportional relation of width to  
height in letters. When space for lettering is short, COMPRESSED LETTERS, which are 
very narrow in width as compared to height, are used. When it is desired to spread 
a short title over a long space E X T E N D E D  L E T T E R S, which are wider than 
normal, are used. The most legible and stable appearance of capitals is secured by 
making the width about seven-eighths of the height (except I, M, and W). Letters 
also vary in the thickness of stroke in proportion to height. Those with heavy strokes 
are known as “bold-face” and those with narrow strokes as “ light-face’’ letters.

In making letters, one must contend with certain optical illusions. Round 
letters, such as C, O, or Q, will appear to be smaller than square letters, such as E, F, or 
Z, if they are made exactly the same in height. This is true also of letters such as A 
and V which would appear to be too short at the pointed ends. In order to give the 
appearance of equal heights, the round or pointed ends of letters should be extended 
a little over the guide lines which limit the letters with square ends. If letters, 
such as E, H, or S, are to look well proportioned, their top and bottom halves should 
appear to be equal. This effect can be secured only by making the letters slightly 
narrower at the top than at the bottom, and by drawing the center lines slightly above 
the middle. This illusion will be quite evident if any printed page is turned upside 
down and the letter S is observed. The point must be emphasized, however, that the 
corrections for these illusions are very small and that overdoing them is worse than 
overlooking them.

Free-hand Single-stroke Lettering.—The term “ single stroke” means that the 
Width of a single stroke is the width of line used in making the letter, and “ free-hand ” 
means that no guiding instruments are employed 
and the pen is used as in writing. This is the most 
commonly used lettering, and a knowledge of its 
construction is very necessary for any one who 
makes charts. The ability to letter well can be 
acquired by any one who has normal control of his 
fingers, who will practice faithfully, and observe 
carefully the shapes of the letters. There is no 248. _ Guide lines for let-
direct relation between one sletterm g and his hand- tering.
Writing. Many good letterers write very poorly.

In lettering, the pen should be held lightly, as in writing, and the strokes drawn 
With a uniform motion, with a light, even pressure on the paper. The stroke should 
he complete in itself and should not be sketched in or retraced. The nibs of the pen 
should not spread. If a heavier line is desired, a coarser pen should be used. Hori
zontal guide lines should always be penciled in as an aid in making the tops and bot
toms of the letters even and straight (Exhibit 248). Other lines may be ruled in at 
random to aid in making strokes vertically or at a certain slant (Exhibit 248). The 
letters may be made directly in ink, although penciling is necessary in composition

1 Manufactured by The Wood-Regan Instrument Company, Inc., South Orange, 
New Jersey, and distributed by the Eugene Dietzgen Company, New York.



A B C D E F G H I  
J  K L M  N O P Q R  
S T U  V  W  X Y Z &  
1 2 3 4 5  67  8 9 0

^ . — Vertical capitals.
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C.— Inclined capitals.

a b c d  e fg h i j k/m
n o p q  r st uv w x y z

D .— Inclined lower case.
E x h i b i t  249 Free-hand single-stroke letters. (From "Engineering Drawing" W

Thomas E. French.)
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or laying out symmetrical titles. Vertical strokes should be made downward and 
horizontal strokes from left to right.

Vertical Single-stroke Capitals.—The forms of these letters must be very carefully 
observed and should be made exactly as shown in Part A , Exhibit 249. They are all 
made the same width except M, W, I, and the numeral 1. Cross lines are drawn 
slightly above the center, except for A and G and the figures 4 and 9, which are a 
little below. The sides of the letter M should be made parallel and not sloping as in 
an inverted W - A very important point to observe in making the letters B, D, P, 
and R is that the tops and bottoms are made mainly of horizontal strokes. Figures 
are made the same height as capitals and sometimes slightly narrower. The back
bones of the 6 and the 9 have the same curve as the cipher.

Vertical Lower Case.— The alphabet of vertical lower-case letters is made as shown 
in Part B, Exhibit 249. These letters are all of the same width, except the seven 
letters, f, i, j, 1, m, t, and w. The bodies are made two-thirds of the height of capitals, 
with the ascending stems reaching the cap guide line and the descending stems reaching 
the same distance below (see upper part of Exhibit 248). The circle and parts of it 
combined with straight lines form the basis of the letters a, b, c, d, e, g, h, n, o, p, q, 
r, u, and y.

Inclined Capitals— The inclined or slanting alphabet shown in Part C, Exhibit 249, 
is easier to make than the vertical, as a slight difference in inclination is not apparent, 
while a slight tendency from the true vertical is very noticeable. The inclination is 
generally made from 60 to 70 degrees to the horizontal. Special triangles are made foi 
drawing these slope lines. Particular attention must be given to the inclined A and 
V in that a slope line drawn through the points of these letters should bisect the angles 
made by the two sides of the letters. The same kind of attention should be given 
to the angles in the letter W. The discussion in the preceding paragraph on vertical 
capitals applies equally well to the inclined capitals.

Inclined Lower Case.—The inclined lower-case letters (Part D, Exhibit 249) are 
founded upon the straight line and the ellipse instead of the circle. In other respects, 
they are proportioned the same as in the vertical system.

Spacing.— Definite rules for spacing letters cannot be laid down because of the 
varying proportions of the letters. An appearance of uniform spacing is a matter 
of artistic judgment and cannot be gained mechanically. If letters are spaced at 
equal distances along the guide lines, there will appear to be more space between 
letters such as AT or OC than between letters with parallel sides such as H N. To 
give the appearance of equal spacing, the minimum space should be used in such 
combinations as AT, AV, LY, or TJ, where part of one letter may even extend over 
Part of another, while the maximum spacing should be used in straight side combina
tions such as HE, NB, or IR. A common mistake of beginners is making letters too 
narrow for their height and spacing them too far apart.

Spacing between words varies with the effect desired, but should always enable 
one to read the words easily. In ordinary work, the space should appear to be about 
1 to I ? times the width of the average letter used.

It is very important to allow ample space between lines if the work is to be read 
easily. This space should be from \  to 1 | times the height of the capitals. The 
crowded appearance of chart lettering is often due to the fact that not enough space 
has been left between lines.

In laying out a symmetrical title for a chart it  usually is best to balance it on a 
Vertical center line. The letters and spaces in the title are counted and then sketched 
in pencil, beginning each line with its middle letter at the center line.

Pasting on Printed Titles.—Very good results can be bbtained, when making 
charts that are to be reproduced by a photographic process, by pasting on a title 
that has been set up and printed by the ordinary printing process. Several titles
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can be set up and printed together at a small expense. Then these can be cut apart 
and mounted in the proper positions on the charts.

Typewriter Lettering.—The typewriter may sometimes be used successfully 
in making certain kinds of small charts. There are not, however, enough differences 
in sizes of type on an ordinary typewriter to give the lettering the right proportions 
for the various titles, captions, keys, and references usually placed on graphic work- 
This situation may be improved somewhat by using special machines such as the 
Hammond Multiplex or by using two or more machines with different .sizes of type> 
if they are available. Letters may be typed in various colors without changing the 
ribbon by using colored carbon papers.

APPENDIX IV

A BASIC OUTLINE FOR INDUSTRIAL AND 
COMMERCIAL SURVEYS

The outline for an industrial and commercial survey of a city, presented on the 
following pages, indicates how statistical surveys can be and should be outlined 
before the actual work of collecting data is started. Not only should the survey 
itself be carefully thought through and outlined, but the sources to be used should 
also be listed in relation to the outline, as shown on pages 692 to 712, inclusive.

The outline presented on the pages which follow is not only an example which 
can be used indirectly as a reference in outlining a survey of practically any business 
statistics problem, but by making a few changes, it can be directly adapted and used 
in many instances in making such types of investigations as marketing analyses, 
factory-location surveys, analyses of the security back of investments, real estate 
appraisals, and studies of local business conditions. While the outline has been 
designed primarily to serve the broad purposes of a community or cooperative project, 
it will serve equally well as a basis for developing a special outline for the use of a single 
private firm. In preparing the outline, the intention was to make possible a choice 
between an intensive study of a subject of outstanding importance in the community 
and a more general study touching upon many subjects of potential interest for 
widely different purposes. It was also the intention to make the outline far more 
comprehensive than any survey that is likely to be made of a single city at any one 
time, and the details given are intended to serve as leads in stimulating thought toward 
the most profitable investigation that is suggested by the local situation, rather than 
to serve as an all-inclusive pattern. Consideration was also given to the many possi
ble compromises between a mere “ desk study” of published material and a compre
hensive field survey.1

The detailed suggestions, which follow, will be presented in two sections: Section 
I—Factors to Be Covered; and Section II—Sources of Data. The numbering and 
lettering of the items in the outline of sources correspond directly to that of the outline 
of factors to be covered.

SECTION I.— FACTORS TO BE COVERED

The object here is to suggest an extensive list of important factors which might 
logically be included in an industrial or commercial survey of a city. Different pur
poses will require different arrangements and combinations of factors and differences 
in degree of detail.

1 This outline (slightly condensed) is taken from “ Suggestions for Use in Making 
a City Survey” (1938), by Ada Lillian Bush, Chief, Consumer Market Section, 
Marketing Research Division, Bureau of Foreign and Domestic Commerce, United 
States Department of Commerce. The complete work includes text material on 
planning, making, and using industrial and commercial surveys which will give the 
investigator many valuable suggestions on technique of survey procedure.

671
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I. Historical Sketch.
A. Origin.

1. Date.
2. Circumstances of first settlement.

а. N ativity and other characteristics of settlers.
б. Difficulties and accomplishments.

B. Early development and factors influencing growth.
1. Topographic and climatic influences.
2. Trade routes and transportation.

a. Rivers and harbors.
b. Canals.
c. Overland routes.
d. Railroads.

3. Native resources.
4. Power, initial sources.

a. Water.
b. Fuel.

5. First market outlets.
6. Predominating human influences.
7. Other important features.

C. Type of city developed (industrial, commercial, educational, etc.) and 
analysis of reasons for that type of development.

II. Location.
A. Geographic position.
B. Physical features pertinent to present-day industry and trade.

1. Topographic influences (mountains, rivers, lakes, soil, etc.).
2 . Climatic characteristics.

a. Temperature, mean average per month, etc.
b. Rainfall, amount and seasonal tendencies.
c. Other (relative humidity, sunshine, wind, fogs, storms, etc.).

3. Scenic attractions (influencing tourist trade, etc.).
C. Location in relation to—

1. Important resources.
a. Raw materials (see IV).

i. Agricultural (crop productions, dairy products, etc.).
ii. Mineral (kind, records of production, etc.).

iii. Forest (available supply, commercial uses, etc.).
iv. Other.

b. Fuel resources (production requirements, coal, oil, gas, etc.).
c. Water supply (in quantity and quality required in process

ing by many types of industries—source, reliability, etc.).
2. Labor (see VII).
3. Markets (consider facts under “Transportation Facilities,” XVI)

a. Industrial (local, regional, national—relate to VI).
b. Wholesale (relate to X II).
c. Retail (relate to X III).
d. Export (principal commodity exports, etc.).

D. Other (such other factors as have special significance).
III. Population.

A . Number of persons.
1. Total in metropolitan area (as close an estimate as can be made for 

the corporate city and such extensions into the surrounding area 
as are covered by the survey. See X III B).
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а. Male.
б. Female.
c. Number between eighteen and sixty-four years; and sixty- 

five years and over (classified as to sex).
2. Total in corporate area.

B. Percentage of total for the United States, the county, or other area 
(such comparisons, if any, as may apply to the purpose of survey).

C. Number of families.
1. Total in metropolitan area.
2. Total in corporate area.

D. Growth (steady—rapid) and status (established—transient).
1. Total increase or decrease in population 1920-1930.
2. Actual or estimated change in total population since 1930.
3. Other trends (shifting of population to suburban areas or such 

other internal and external movements as may be of significance; 
fundamental long-time tendencies).

E. Composition.
1. Race.
2. Native white.
3. Predominating nativity of foreign-born.

F. Literacy.
G. Other (such additional characteristics as may be important to the 

local situation).
IV. Materials Required by Industry (availability and cost factors, all important 

facts peculiar to the individual situation with such comparisons with other 
districts as apply).

A. Raw materials (see II).
B. Products of other industries (kinds readily obtainable: semi-manu- 

factured goods, equipment, supplies, etc.).
V. Power.

A . Sources.
1. Purchased power from public utilities.
2. Produced by individual enterprises for own use.

a. Water.
b. Steam.
c. Internal combustion.
d. Electricity.

B. Rates and regulations.
1. At time of survey.
2. Changes within recent years.
3. Changes provided for, or under consideration.
4. Comparisons with other cities.

C. Changes in local facilities for serving industry and commerce (all 
important changes on which information is available).

D. Present favorable and unfavorable features of local facilities, from the 
point of view of the—

1. Community.
2. Supplier.
3. Individual industries.

E. Adequacy of supply to meet industrial growth.
F. Other facts of importance with respect to the local situation (provisions 

insuring reliability of supply, etc.).
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VI. Industrial Development.
A. General production statistics and related factors.

1. N um ber of establishments.
2. N um ber of wage earners.
3. Amount of wages.
4. Cost of m aterials, fuel and purchased electric energy.
5. Value of products.
6. Value added by m anufacture.
7. Horse power.
8. Trends in—

a. T o tal value of products.
b. T otal num ber of wage earners.
c. T o ta l am ount of wages.

9. Percentage of to ta l production in the U nited States, in the region 
or sta te  (or such comparisons w ith o ther cities as m ay be 
significant).

10. Principal m arkets supplied (relate to X V I and I I ) ; percentage of 
m aterials bought from local sources and percentage of m anu
factures sold to local agencies (if the local situation seems to 
w arran t a  direct inquiry to elicit factual da ta  and this inform a
tion is essential to consideration of th e  individual problem).

11. W aste products (utilization, disposal facilities).
B. Individual industries.

1. Production statistics of each im portan t industry  now in operation 
(present volume of production in term s of num ber of units, value 
of products, num ber of wage earners, etc., and  trends within 
recent years; the national trend w ith respect to  each industry— 
apparen tly  over-developed or under-developed).

2. N um ber and kind of im portan t new industries locating in the 
city  w ithin the period covered by the last five biennial censuses 
of m anufacture, or other period of in terest (reasons for locating).

3. N um ber and kind closed down or leaving the city to operate 
elsewhere within the period considered under B -2 (factual 
inform ation concerning reasons, insofar as is possible).

a. Seasonally.
b. Tem porarily (exclusive of norm al seasonal closings).
c. Perm anently  (obtain factual inform ation concerning reasons 

for closing, insofar as possible).
4. Names of im portan t industries th a t have continued in operation 

over a long period of years (permanence ascribed to w hat factors).
C. O ther (such additional facts characterizing the local situation as m ay be 

essential to a comprehensive analysis of the present industrial status, 
the industrial advantages or disadvantages as compared w ith com
parable cities, recent trends, and future possibilities).

VII. Labor Situation.
( N o t e :  1 9 3 8  legislation on regulation of hours and wages m ay affect the 
im portance of items B  and  C as subjects of local study. D etails of applica
tion are no t ye t available.)

A . A dequacy of labor supply.
1. Skilled, semi-skilled and unskilled.
2. Male, female.
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3. Resident, transient, predom inating nationality.
4. Situation in surrounding territory  (neighboring reservoir of labor 

from which to  supplem ent local supply, if necessary; special 
conditions giving rise to th is supply; type  of labor available, 
such as unskilled farm  hands, semi-skilled or skilled labor result
ing from neighboring shift in  industry, etc.).

5. R elated factors (such as labor turnover, efficiency, training 
facilities).

B. Wage scale, as compared w ith scale in—
1. Each year of recent years.
2 .  Similar cities, or the region in general.

C. Laws and local regulations.
1. Wages and hours.
2 . Labor conditions.
3. Changes within recent years.

I). Labor unions.
1. Organization and  membership.
2 . A ttitude tow ard each other.

E. Relations between capital and labor (record as to strikes, etc. results).
F. Special local efforts to  m aintain satisfactory conditions (working, 

living).
G. O ther facts (such as the unin terrup ted  absence of labor troubles or the 

harm onious settlem ent of a  well-known local controversy; recent 
im provem ents in methods of paym ent, etc.).

VIII. Employment and Unemployment (closest possible estim ates where specific 
da ta  can no t be made available).

A . Num ber gainfully employed (exclusive of employees paid from relief
funds).

1. T otal num ber in m etropolitan area, by—
а. Race (white, Negro, etc.).
б. N ativ ity  (native white, foreign-born white).
c. Sex.
d. Age (under sixteen years, between sixteen and twenty-one).

2 . T otal num ber in corporate area (by each group as classified under 
A -1).

3. Gainful workers per fam ily (average).
4. Comparisons w ith other cities, surrounding counties, or w ith the 

United S tates as a whole (the m ost helpful comparisons depend 
upon the size, type, and location of the city  and purpose of 
survey).

B. Principal sources of em ploym ent (industrial plants, commercial estab
lishments, etc.), in the order of the ir im portance in num ber employed.

C. Recent trends tow ard increased or decreased employment, w ith respect 
to each principal source of em ploym ent (as concluded from such data  
for the current year and preceding years as are available).

D. Unemployed employables (unemployed persons able to  work).
1. N um ber of emergency workers (workers paid from relief funds 

local, sta te , or Federal), w ith such breakdown as is possible by 
race, na tiv ity , sex, age, and duration of unem ploym ent

2 . N um ber to tally  unemployed (exclusive of workers paid from relief 
funds), classified as suggested under D-1, in—
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a. M etropolitan area.
b. Corporate area.

3. N um ber partially  unemployed in—
a. M etropolitan area.
b. C orporate area.

4. Percentage form erly employed in local—
a. Industry .
b. Wholesale trade.
c. R etail trade.
(Continued through all local sources of employment).

5. Percentage never employed on a full-tim e basis in any local 
occupation because of—

a. Short tim e in city.
b. M atu rity  reached during the depression.
c. Incom e derived from o ther than  personal occupation.
d. Physical disabilities now remedied.
e. O ther reasons. i

6. N um ber by each type of ability  (such as skilled and unskilled 
factory workers, carpenters, etc.).

E . Other (such other facts as may be peculiar to the local unemployment 
situation).

IX. Consumer Purchasing Power (estim ated income in dollars, of individuals a n d  

families, considered in relation to cost of living).
A. Wages, salaries, commissions, etc. and business income from o c c u p a t i o n  

(with a  breakdown if locally feasible by  the following sources of 
income).

1. A griculture (such income as residents in the city m ay derive 
directly  from the surrounding farm  area).

2. M ining (such income as m ay be derived from coal mining a n d  

other mining activities by residents of the city).
3. Electric light and power, and gas.
4. M anufacturing.
5. Construction.
6. Transportation.
7. Communication.
8. Trade.
9. Finance.

10. Governm ent, including work-relief wages and excluding w o r k -  

relief wages.
11. Service.
12. Miscellaneous (all o t h e r  sources of wages, salaries, c o m m is s io n s ,  

e t c . ,  and  business i n c o m e ) .

B. In terest from savings accounts in—
1. Banks.
2. Postal savings.
3. O ther depositories.

C. N et income from investm ents.
1. Owned real estate.
2. Stocks and bonds.
3. Miscellaneous (royalties, shares in cooperative e s ta b lis h m e n ts ,  

etc.).
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D. O ther (all other known sources of local income such as direct relief, etc.).
E. E stim ated per capita or per fam ily income.
F. D istribution of fam ily income by size of income (relative num ber of 

families having incomes below $1000, $1000-12000, etc.).
G. Trends in income in recent years (general increase or decrease; increase 

or decrease in relation to changes in local cost of living; w ith respect 
to income from various industrial categories; for various types of 
income such as wages and salaries, investm ents, in terest on savings, 
etc.; and in  distribution of income by  size of income).

H. Comparisons w ith other communities or w ith the U nited S tates as a 
whole (general conclusions to the extent of such supporting da ta  as 
m ay be obtainable).

I.  Peaks and levels (seasons or m onths during which local income is nor
mally highest; norm ally lowest).

J . Pay-roll methods (general analysis concerning the relative proportions 
of full-tim e wage earners and salaried employees th a t are paid by the 
week, by the m onth, etc., and num ber of times in the cu rren t year when 
“ pay d ay s” in factories and in o ther im portan t employment-giving 
establishm ents can be expected to fall on a given M onday, Tuesday, 
or o ther day of the week, and on the first week, second week, or other 
week of the m onth).

K . O ther (other outstanding characteristics).
X. Living Costs, Standards, and Conditions and Related Indexes of Consumer 

Use of Buying Power.
A. Living costs (price trends on consumer goods).

1. General average (as compared w ith other cities).
2. Commodity prices, for food, clothing, etc. (average for year).
3. T rends (comparisons w ith previous years sufficient to reveal 

general trends in local living costs).
4. O ther da ta  on living costs (indicative of specific local advantages 

or lim itations—fresh fruits and vegetables a t reasonable cost, 
etc.).

B. Fam ily expenditures.
1. K inds of goods and services used (by consumers of the various 

income classes).
2. Average expenditure for m ajor purposes (estim ated annual 

expenditures), by income classes.
3. Comparisons (such comparisons w ith o ther years and o ther cities 

as are possible).
4. O ther da ta  of special local significance.

C. Housing (considered together w ith X I).
1. N um ber of occupied dwellings.

a. Percentage occupied by the owners.
b. D istribution of home owners, by lower, middle, and upper 

income levels (estimates).
c. Average value of owner-occupied dwellings; recent trends.

2. R ent (average for year per dwelling unit) as compared w ith other 
cities; estim ates, if possible, as to average rents paid by families 
of the various income classes, and as to trends in average yearly 
ren t in relation to changes in fam ily income.

3. Light, heat, water, and telephone service.

f
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a. H ates charged for home use; comparisons w ith o ther cities.
b. R ecent local changes in rates or service.
c. O ther (additional points of special interest).

4. Modern im provem ents in homes, situation w ith respect to—
a. General adequacy of plum bing and heating facilities.
b. N um ber of installed air-conditioning units.
c. Other.

5. O ther da ta  (such o ther da ta  as m ay be essential to a  true  picture 
of the local housing situation).

D. Related indexes of consumer use of buying power.
1. N um ber of residence telephones.
2. N um ber of registered automobiles.
3. N um ber of domestic electric meters.
4. N um ber of families having radios.
5. Circulation of newspapers.
6. C irculation of magazines.
7. T rends (items D -l to  D-6, inclusive).
8. O ther indexes (pertinent da ta  are also included under “ B anking,” 

“ Retail T rade,”  “ Construction and Real E s ta te ” ).
9. Comparisons (1—8) w ith o ther cities; and w ith previous years 

(sufficient to indicate trends in to ta l increase or decrease, also 
trends in term s of relationship between increased or decreased 
population).

E. O ther da ta  pertinen t to the local situation.
XI. Construction and Real Estate.

A. Construction (by kinds of business, Census classification: general con
tractors for building, highway, and heavy construction; special trade 
contractors, such as carpentering, concreting, electrical, excavating, 
heating and  plum bing, roofing, and sheet m etal, etc.).

1. N um ber of contracting establishments.
2. Value of work perform ed (dollar volume for year).
3. N um ber of active proprietors and firm members.
4. N um ber of employees (average for year).
5. Pay  rolls (dollar volume).
6. Cost of m aterials, brick, cem ent, lum ber, steel, and all other 

m aterials (actual or estim ated dollar volume for year).
7. Comparison of local construction costs w ith other cities, where 

comparable inform ation is available.
B. Building perm its (to tal num ber for year and dollar value).

1. Residences.
a. One-, two-, and three-fam ily units (by cost groups).
b. A partm ents.
c. Hotels.

2. Office buildings, retail stores, etc.
* 3. Industria l structures (factory buildings, etc.).

4. School buildings, churches, theaters, municipal buildings, etc.
5. O ther (comparisons w ith o ther cities, etc.).

C. Demolition and conversion perm its (with such breakdown as is impor
tan t).

D. N um ber of vacant buildings by areas in the city  (classified as to resi
dences of the various types, office buildings, m anufacturing plants,
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etc. D ata  on general condition of vacant buildings sufficient to indi
cate relationship to construction needs).

E. Building regulations, local and state, affecting local building activity 
(zoning, etc.).

F. Trends in local construction (as indicated by such statistics for preced
ing years as are available).

G. N um ber of real estate firms, average num ber of employees for the year, 
actua l or estim ated to ta l wages and salaries paid.

H. Real estate sales, mortgages, etc. (for la test year of record; compari
sons w ith preceding years sufficient to indicate general trends).

1. N um ber of sales and dollar value of p roperty  sold.
2. N um ber of m ortgages recorded and to ta l am ount of mortgage 

debts.
3. N um ber of foreclosures.

I.  Real esta te  taxes (details to supplem ent general da ta  under “ M unicipal 
A dm inistration,” X X V II).

J . R ent (considered under “ Housing,” X -C ).
K . Real estate prices (general trend  during recent years).
L. Supply of im proved and unim proved properties (for home building, 

industrial and commercial expansion; available p lan t site close to 
railroad, river crossing, and such o ther special features as should prove 
of in terest to industries of the types for which the city  is suited).

M . O ther (such additional facts on construction and real estate as are of 
special im portance to the com m unity).

XII. Wholesale Trade.
A . N um ber of establishm ents.

1. T o tal (all establishm ents operated by “ wholesalers” as defined 
in the la test census of business).

2. By types of operation.
а. Full-service and  limited-function.
б. M anufacturers’ sales offices.
c. B ulk-tank stations (independents and chains engaged pri

m arily in the storing and wholesale d istribution of petroleum 
products).

d. Agents and brokers (“ m iddlem en” such as auction com
panies, merchandise brokers, commission m erchants, etc.).

e. Assemblers (cream stations, cooperative m arketing associa
tions, grain elevators, and o ther buyers and  sellers of farm 
products on a wholesale basis).

3. By kinds of business (grocery, drug, etc.).
a. Independent.
b. Chain.

B. Em ploym ent.
1. T otal num ber employees (average for year).
2. N um ber employees in each kind of business (average for year).
3. Seasonal tendencies.

C. Pay  rolls (total for year).
1. Part-tim e.
2. Full-tim e.

D. Sales.
1. T otal (dollar volume for year).
2. By kinds of business (dollar volume for year).

I.
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3. Seasonal tendencies in sales volume.
E. Local regulations.
F. N um ber and kind of new establishm ents between th e  period covered 

by the last census of business and th a t covered by  the preceding 
census, or during some other recent period for which comparable records 
m ay be available.

C. Business failures w ithin the period referred to under X II-F .
H. O ther facts (special characteristics affecting wholesale distribution 

through local establishm ents, such as recent trends tow ard cooperative 
wholesaling or o ther developm ents of im portance).

I . Im portance of the city  as a wholesale trading center (if the city  is no t 
itself an im portan t wholesale center, relate this subject to significant 
facts under “ Location” w ith respect to wholesale m arkets, item 
II-2-6).

XIII. Retail Trade and Metropolitan Shopping Area.
A. R etail trade.

1. N um ber of establishments.
a. T otal (all types and kinds of retail outlets in the city).

i. Independent.
ii. Chain (national, sectional, and local).

iii. Other.
b. By kinds of business (grocery, drug, etc.).

2. Employment.
a. T otal num ber employees (average for year).
b. N um ber employees in each kind of business.
c. Seasonal tendencies.

3. Pay rolls (total for year).
a. Part-tim e.
b. Full-tim e.

4. Sales.
а. T o tal (dollar volume for year).
б. By kinds of business (dollar volume for year).
c. Per capita sales.
d. Comparisons w ith comparable data.

i. In  preceding censuses.
ii. For other cities.

e. Seasonal tendencies in sales volume.
5. A pproxim ate capitalization, or size of leading stores (if a par

ticularly im portan t local feature).
6. Store operating expenses (such comparisons w ith o ther cities as 

m ay be possible).
7. U niform ity of store policies (with respect to credit, returned- 

goods, advertising, frequency of deliveries, etc.).
8. A ttitude of principal stores tow ard each o ther (generally coopera

tive or otherwise, as indicated by membership in local organiza
tions, such as cham ber of commerce, retail credit association, or 
other credit agency, etc.).

9. Local regulations.
10. Store locations in general w ith respect to shopping areas (down

town, suburban, etc.) in relation to trends in population within 
the eity and convenience to consumers.
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11. N um ber and kind of new establishm ents between the period 
covered by  the last census of business and th a t covered by the 
preceding census or during some other recent period for which 
comparable records m ay be available.

12. N um ber of business failures w ithin the period referred to under 
item  X III-11.

13. O ther facts (such as principal wholesale sources of locally retailed 
foods, clothing, and furniture, if the local situation seems to 
w arran t a  direct inquiry  on this point).

B. M etropolitan shopping area.
1. Consumer buying “ radius” in square miles as indicated by 

such measures as density of population in suburban areas (census 
m ethod), extent of the city’s newspaper distribution, retail store 
deliveries, use of city 's in ternal transportation  facilities, etc.

2. Suburban-custom er patronage of downtown stores (extent of).
3. Patronage of local stores by  consumers from o ther cities (extent 

of).
4. O ther im portan t considerations.

XIV. Buying Habits of Local Consumers.
A. Proportion of cash purchases to  to ta l purchases; comparisons with 

o ther comm unities; apparen t trends with respect to instalm ent 
buying.

B. A pparent general preferences as to shopping hours of the day, days of 
the week, and tim e of the m onth (refer to IX -/) .

C. Buying in other cities by local consumers.
1. E stim ated percentage (of to ta l purchases) bought in o ther cities.
2. Classes of goods m ost frequently bought in o ther cities.
3. Names of cities from which goods are frequently purchased.
4. R ecent trends in connection w ith extent of outside buying.

D. O ther im portan t characteristics (applying to an analysis of why trade is 
lost to or gained from competing communities).

XV. Service Establishments, Hotels, Places of Amusement.
A. Service establishm ents, by  kind of service (Census classification— 

Personal Services; Barber shops, beauty  parlors, cleaning shops, etc.; 
Business Services: A djustm ent and credit bureaus, collection agencies, 
dental laboratories, window cleaning services, etc.; Repair Services, and 
Custom Industries: Automotive repairs and services, parking lots, radio 
repair shops, printing and publishing shops, etc.; Miscellaneous 
Services: Typew riter and ren tal shops, designers’ establishm ents, and 
such o ther services as can no t properly be classified under any of the 
o ther service groups).

1. N um ber of establishm ents (recognized places of business).
2. N um ber of employees (average for year).
3. Pay  rolls (dollar volume for year).

а. Full-time.
б. Part-tim e.

4. Receipts for the year (in cities covered by Census reports, a t 
least).

5. Seasonal tendencies of im portance.
6. General trends w ithin recent years (in num ber of employees and in 

o ther respects suggested by the local situation).
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B. Hotels.
1. N um ber of hotels; date  of establishm ent, size, and o ther general 

description of principal hotels.
2 to 5. (As suggested for A -2 to 5 inclusive.)
6. Rates.

a. C urrent rates (in principal hotels).
b. Recent trends.
c. Comparisons w ith rates in comparable cities.

7. Recent general trends in volume of business.
8. N um ber of first and second class hotels closed within recent years.
9. O ther facts of significance (convention facilities, see X X I-4 ; etc.).

C. Places of am usem ent (am usem ent parks, athletic fields, bathing 
beaches, billiard and pool parlors, dance halls, skating rinks, theaters, 
o ther im portan t am usem ent places).

1. D escription of principal places.
2 to 5. (As suggested for A -2 to  5, inclusive.)
6. Recent general trends in volume of business.
7. O ther facts of im portance to the community.

XVI. Transportation Facilities.
A . Railway.

1. N um ber and names of railways serving the city.
2. Passenger traffic.

a. N um ber of trains daily (convenience as to tim e schedule).
b. Outgoing.

i. Average num ber passengers (per day, week or m onth).
ii. Im portan t destinations (points to which largest 

num ber of tickets are sold).
iii. Seasonal tendencies.

c. Incoming.
i. Average num ber passengers (estimated).

ii. Seasonal tendencies.
3. F reight traffic.

а. T otal num ber of trains daily (convenience as to time 
schedule).

б. N um ber of through trains daily (direct routes to markets).
c. N um ber of freight yards.

i. Y ard-track miles.
ii. Industry-track  miles (sidings adjoining plants).

d. Volume of freight handled (in carloads or tons).
i. Comparison between estim ated volume of incoming 

and outgoing freight.
ii. O ther facts bearing on economical accessibility to 

m arkets (freight comparisons— preferential and non- 
preferential rates to principal points, etc.).

e. N um ber of stations for each railway.
/ .  E x ten t of “ pick up and delivery” freight service.

4. Freight warehouses.
a. Number.
b. Capacity.
c. Ownership (railway-owned, etc.).

5. Additional da ta  indicating special or unusual facilities.
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6. Im portan t developm ents or changes w ithin recent years.
7. General trends in volume of business (passenger and freight).
8. O ther facts significant of the local situation (travel tim e to 

im portan t points, etc.).
B. W ater.

1. N um ber and names of lines.
2. M arkets served and frequency of service (by ocean, lake, river, 

and canal).
a. Domestic.

i. Nam e of m arkets.
ii. N um ber of sailings to  each po rt (during week, m onth, 

or o ther specified period).
b. Foreign (name of m arkets—num ber of sailings to each port).

i. D irect to  foreign m arkets.
(а) U nder American flag.
(б) U nder foreign flags.

ii. Ind irect to  foreign m arkets (by transshipm ent a t  other 
ports, domestic or foreign).

3. Volume of trade.
a. Outgoing.

i. Domestic.
ii. Foreign.

b. Incoming.
i. Domestic.

ii. Foreign.
c. Term inal facilities and service.

i. N um ber of piers—num ber of berths, d ry  docks, etc.
ii. W arehouse facilities.

(а) N um ber of bonded warehouses.
(б) Special da ta  (such as capacity, ownership, etc.).

iii. Lighterage facilities.
iv. P o rt developm ent, no t elsewhere specified (data  such 

as depth  of w ater, bunker-coal supply, fuel-oil supply, 
fresh w ater supply, anchorage facilities, and  other 
local developm ents of im portance to shipping com
panies).

v. Custom s house.
vi. Foreign consul service.

4. O ther da ta  of im portance.
5. Im portan t developm ents or changes w ithin recent years.
6. General trends in w ater transportation  (volume of business, etc.).

C. Air service.
1. Ownership or control.
2. Localities served.

a. D irectly (w ithout change of planes).
b. T ravel tim e to im portan t points.

3. Frequency of flights.
a. Mail, express, and passenger.
b. Approximate volum e of traffic.

i. Outgoing.
ii. Incoming.
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4. A irport (city’s accessibility to) and other special facilities (such 
as lighting, radio communication, w eather reporting, public con
veniences, etc.).

5. Im portan t developm ents or changes w ithin recent years.
6. General trends (in volume of business, etc.).
7. O ther im portan t facts.

D. H ighway transportation .
1. Principal highways (entering and leaving the city— U. S. and 

sta te  highways by number).
a. P rim ary  (main in tersta te  routes).
b. Secondary and county.
c. Condition of road surfaces.
d. E x ten t of road im provem ent w ithin recent years.
e. O ther features of im portance.

2. M otor bus and truck  service (intercity, in tersta te , etc.).
a. N um ber and names of companies.

i. N um ber of units in operation (total or by each 
com pany, num ber of routes covered, mileage, 
etc.).

ii. Cities served by each line (points on routes of particu
lar im portance to  the city  th a t is being surveyed).

iii. N um ber of daily or weekly trips.
iv. A pproxim ate volume of freight handled (tons).

(а) Outgoing.
(б) Incoming.

v. Average num ber of passengers carried (estimated, per 
week or m onth).

(а) Outgoing.
(б) Incoming.

b. Special term inal facilities.
c. Recent trends (volume of passenger and freight business to 

and from the city, etc.).
3. Im p o rtan t developm ents or changes (equipment, service) within 

recent years.
4. O ther facts of im portance.

E. Electric car service (interurban).
1. N um ber of lines (passenger, freight, or both).

a. Cities serviced by  each line.
b. N um ber of daily or weekly trips.

2. Average volume of business (per day, week, or m onth).
a. Passenger.
b. Freight.

3. Recent trends.
4. O ther da ta  of local im portance.

F. Pipe-line facilities (for. transporting of oil, gas, etc., to or from the city)-
1. N um ber and nam es of lines.
2. Cities served by  each line (points of particular im portance to 

th e  city  th a t  is being surveyed).
a. G athering (lines).
b. T runk.

3. Capacity.
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4. Products carried (fuel oil, gas, etc.).
5. Volume of shipm ents (to and from the city)
6. Developments w ithin recent years.

G. Comparisons (if pertinen t to local problems) between types of trans
portation facilities serving the city, as to—

1. Rates (passenger and freight).
2. Convenience.
3. Trends tow ard increased or decreased business w ithin recent 

years.
H. C ity’s internal transportation  facilities.

1. Street-car service.
a. Ownership (public or private).
b. Average daily num ber of passengers.
c. N um ber miles of track  or route.
d. Routes, from the point of view of best service to  the city.
e. Rates (of fares).
/ .  Im portan t developm ents or changes w ithin recent years in

i. Service.
ii. Rates.

iii. Type of equipm ent.
iv. Average daily num ber of passengers (general trend 

tow ard increase or decrease).
g. C ity regulations.
h. O ther (special features of the local situation).

2. Bus lines (same points as for street-car service).
3. Cooperative delivery service (or o ther special merchandise 

delivery facilities for serving the city).
4. O ther facilities of im portance (taxicab service, etc.).

I . O ther (all other significant facts concerning transportation  facilities 
in relation to present and potential requirem ents).

XVII. Public W arehousing.
A. S tatistics by kind of warehousing establishm ents (household goods, 

general merchandise, farm products, cold storage, other).
1. N um ber of warehouses.
2. Storage rates for principal commodities.
3. N um ber of employees (average for year).
4. P ay rolls (dollar volume).
5. Revenue (estim ated to ta l for year, all warehousing establish

ments).
6. T otal local revenue and em ploym ent as compared w ith to tals for 

the region in which th e  city  is located (New England, Middle 
A tlantic, etc.) or such other helpful comparisons as m ay be 
possible.

7. Recent changes in num ber of warehouse establishm ents through 
firms going ou t of business or new warehouses established.

8. Adequacy or inadequacy of present public warehousing facilities.
B. Seasonal tendencies in warehousing (m onth or m onths w ith highest 

dollar volume of business, lowest dollar volum e; largest num ber of 
employees, smallest num ber of employees, etc.).

C. General trends in volume of business w ithin recent years.
D. O ther facts of im portance.
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XVIII. Banking and Finance, Insurance.
A. Banks.

1. Names of principal banks, dates of establishm ent, and  description 
of each as to  kind: national, state, private, m utual savings, 
industrial (including M orris Plan), Federal Reserve, Jo in t Stock, 
Land, and foreign banking agencies; also classified as to “ u n it” 
and “ branch banks” (Census definition).

2. T o tal num ber of banks.
3. Em ploym ent and pay  rolls (for year).

a. Average num ber of executives (including presidents, vice- 
presidents, cashiers, assistant cashiers, assistant treasurers, 
and chairm en of boards of directors if actively engaged on a 
salary basis).

b. Average num ber of other employees.
c. T otal salaries and wages, bonuses, and all other paym ents to 

officers and employees (dollar volume).
4. R ank of the largest bank in relation to  other banks in the Federal 

Reserve district, state, etc. (or o ther helpful comparisons).
5. Bank deposits (number of accounts and dollar volume for year).

a. Demand.
b. Time.

6. T otal loans and discounts (dollar volume for year); to ta l assets.
7. In terest rates.

B. Financial institutions other than  banks (security brokers and dealers, 
Federal savings and loan associations, s ta te  building and  loan associa
tions, instalm ent finance companies, personal finance companies, 
m ortgage and farm  companies, and miscellaneous, such as commodity 
exchange, bank clearing house, etc.)

1. D escription of im portan t institutions.
2. Em ploym ent and volume of business for th e  year of all such insti

tutions.
C. Insurance and brokerage offices (identifiable as business establishm ents 

in the city).
1, 2. (Same inform ation as suggested under “ Financial institutions

o ther than  ban k s.” )
D. General.

1. T otal loans through all locally established financial institutions 
(dollar volume for year); or sufficient da ta  to  indicate the trend 
tow ard increase or decrease.

а. Loans to  business firms or o ther business organizations.
б. Loans to individuals or families.

2. Comparisons, if possible, to  show the general trend  in interest 
rates, employment, volume of business and business failures, in 
local banking, finance, and insurance institutions.

3. O ther (such additional inform ation as m ay be of significance in 
considering the local situation, particularly  w ith respect to 
abilities and inclinations of banks to extend credit to  industrial 
and commercial enterprises. Trends in to ta l dollar volume of 
savings accounts).

XIX. Professional Service (physicians, dentists, lawyers, etc.).
A . N um ber engaged in professional work (other than  teaching) by—
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1. K ind of profession.
2. Sex.

B. Revenues (for year) estim ated, or known income from professional 
work.

C. Em ploym ent and  pay  rolls (for year).
1. N um ber of employees (office assistants, etc.).
2. Salaries and  wages (dollar volume)

D. Comparisons w ith o ther years of record, sufficient to indicate trends 
in  average fees charged and trends in the relation between available 
service and local requirem ents in each field.

E. O ther im portan t data.
XX. Newspapers, Radio Stations.

A . Newspapers.
1. Names of papers.

a. Dailies (classified as to morning, evening, o ther and as to 
D emocratic, Republican, Independent, etc.).

b. Weeklies.
2. Revenues from—

a. Subscriptions.
b. Newsstand sales.
c. Advertising.

3. Em ploym ent and pay rolls (for year).
a. N um ber executives, contributors (average).
b. N um ber o ther employers (average).
c. Salaries and wages (dollar volume).

4. Largest circulation area (square miles covered by routes).
5. Im portan t changes or trends w ithin recent years.

a. Am ount of increase or decrease in largest circulation area.
b. N um ber and kind of papers added or discontinued.
c. In  equipm ent.
d. Advertising rates and  volume.
e. Activities and influence (cooperation on local surveys, 

charity  drives, etc.).
6. O ther significant features (such dates of establishm ent as are of 

interest, etc.).
B. Radio stations (essential details as to  names of stations, ownership 

and employment, revenues and  w attage; and significant trends as to 
im portance as an advertising medium, etc. Any additional details 
suggested for newspapers th a t  apply to  the com m unity’s radio 
facilities).

XXI. Expositions, Fairs, and Conventions.
A. Local facilities (consider convenience and adequacy of assembly places 

and equipm ent; all other local features th a t m ay appreciably influence 
patronage: see X V -B -9).

B. N ature of assemblies (annual, occasional or perm anent expositions, 
fairs, trade shows, etc. of im portance to the com m unity considered 
from the angle of em ploym ent, revenue, type, and extent of out-of- 
town patronage, advantages to business and industry, etc.).

C. O ther (allocation of responsibility for a ttracting  conventions; extent of 
general cooperation within the com m unity, etc.; see, also, XVI-A-2 
and H).



6 8 8 B U S I N E S S  S T A T I S T I C S

XXII. Industrial and Commercial Associations (chambers of commerce, commodity 
and technical associations, grain exchanges, etc.).

A . Names of all associations and institutes having within the city an estab
lished place of business, classified as to  national, regional, state, 
or local, and b y  nature of service.

1. Local mem bership (generally representative of the local business 
or industry  served, or lim ited in representation).

2. N um ber employed (average for year).
3. Pay  rolls (dollar volume for year).

B. Effectiveness (of organizations concerned w ith local conditions).
1. As aid to  established local business and industry.
2. In  advancing harm onious and cooperative relations w ith neigh

boring communities.
3. As factual authorities concerning the kinds of new industries and 

business establishm ents desirable from th e  point of view of suc
cessful developm ent of each industry  and of the com m unity as a 
whole.

4. In  prom oting the location of suitable industries and commercial 
establishm ents and in discouraging potential industries under 
conditions of lim ited opportunity .

XXIII. Universities and Other Institutions (state, county, etc., having appreciable 
enrollm ents from other communities; other schools are covered under 
X X V III).

A. Universities, colleges, academies, and all other educational institutions 
drawing a  transien t population.

1. Description of each im portan t institu tion ; date of establishm ent; 
special features a ttrac ting  a  studen t population, etc.

2. Enrollment.
a. T otal for year.

i. From local population.
ii. From o ther communities.

hi- By age groups (sufficient to  indicate predom inating 
types of consumers brought in through these institu
tions).

b. T otal for m onth of highest enrollment.
c. T otal for m onth of lowest enrollment.

3. Revenue (dollar volume for year).
a. Tuition fees.
b. O ther (classified as to  sources).

4. Recent trends in enrollm ents and  revenue.
5. Economic im portance of these educational institutions.

a. Em ploym ent and  pay  rolls (for year).
i. N um ber of teachers and adm inistrators (average).

ii. N um ber of o ther employees by types of employment 
(average).

iii. Pay  rolls (to tal dollar volume).
b. Estim ated  expenditures w ithin the m etropolitan area for 

supplies, service, and materials necessary for operation 
(dollar volume for year).

c. E stim ated to ta l expenditures w ithin the m etropolitan area 
(exclusive of expenditures going to th e  institutions) of the 
enrolled individuals indrawn from other communities.
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6. O ther significant da ta  (capacity in relation to trends in enroll
ments, etc.).

B. Federal, state, or county hospitals, asylums, etc. (all o ther than  educa
tional institutions largely subject to enrollm ents from outside the 
city).

1, 2. (Same type of da ta  suggested under A -1 and  A -2.)
3. Em ploym ent and  pay  rolls (for year).

a. N um ber of adm inistrative officials and professionals (aver
age).

b. N um ber of other employees, by types of em ploym ent 
(average).

c. Pay rolls (to tal dollar volume).
4. Revenue (for year) classified by sources.
5. E stim ated  to ta l expenditures w ithin th e  m etropolitan area for 

supplies, services, and m aterials necessary for operation (dollar 
volum e for year).

6. O ther significant da ta  (capacity in relation to trends in require
m ents).

XXIV. Federal, State, or County Government Establishments (for a  sta te  capital or 
county seat, such special establishm ents and facilities as contribute im portant 
activities to this type of city).

A . Description of each im portan t activ ity  and establishm ent; significant 
details as to  extent of em ploym ent and pay rolls for year, extent of 
perm anent and transien t population brought to the com m unity through 
these activities; consumer characteristics of this population; architec
tu ra l features of buildings; etc.

B. Recent changes or trends of im portance.
XXV. Other (all o ther types of establishm ents and special features th a t tend to 

contribute to the com m unity’s em ploym ent, purchasing power, and consump
tion) description of each, and significant details as suggested under X X IV .

XXVI. Summarization of Principal State and Local Laws and Regulations (affecting 
industry  and commerce and consumer purchasing power).

A . Taxation.
1. Enum eration of s ta te  and local laws and regulations providing for 

the levying of fees; franchise taxes, business privilege taxes, 
and o ther direct taxes, against commercial and industrial corpora
tions, companies, etc., located in the city; also taxes and special 
assessments on real and personal business property.

2. Enum eration of sta te  and local laws and regulations providing for 
the levying of direct taxes against individuals and families residing 
in the city; also taxes on real and personal property  (other than  
business property).

3. S tate and local excises and o ther indirect taxes.
4. Recent trends in tax legislation.

B. Incorporation, and registration of individuals using firm nam e (require
m ents and  cost).

C. Labor laws and regulations w ith respect to—
1. Hours and wages.
2. Unions.
3. O ther labor factors.
4. Factory laws.
5. Recent trends in labor legislation.
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D. Banking and credit.
E. Insurance (restrictions, rates, etc.).
F. Zoning.
G. Traffic (intra-city m otor-truck regulations, etc.).
H. Local laws regulating com petition; o ther im portan t regulations.
I . All im portan t recent trends in  legislation no t covered above under 

individual subjects or included under item  X X V II.
J . Recent court decisions of particular im portance to the local situation.

K . H istory  of local taxation  w ith  respect to  efforts to  avoid excessive 
taxing of industry  as compared w ith taxes in o ther comm unities within 
th e  geographic region (such as efforts tow ard self-sustaining improve
m ents where feasible, consultation w ith large tax-paying industries 
prelim inary to  planning im provem ents involving heavier taxes, etc.).

XXVII. Municipal Administration and Related Data.
A . Form  of city  governm ent (mayor-council, commissions, council-man- 

ager, tow n-m eeting); comparison w ith form in comparable cities.
1. In ternal organization and  personnel.

a. D epartm ents, boards, and commissions (organization chart 
or other enum eration of da ta  showing the governm ent set-up; 
departm ents; num ber and purpose of all boards and com
missions and how members are selected; w hat chief municipal 
officials are elected by the people, w hat officials appointed 
by  th e  m ayor or city  manager).

b. N um ber local governm ent employees (to tal for year; esti
m ated num ber part-tim e employees) classified as to adminis
tra tive  officials and others.

c. Salaries and wages paid from city  funds (to tal for year).
d. T rends in pay rolls; personnel “ lay-offs” and  salary cuts, 

etc.
2. R ecent changes of im portance in m unicipal adm inistration (such 

as changes in adm inistrative organization; personnel adm inistra
tion; financial planning; m unicipal budgeting; m unicipal a c c o u n t 

ing; public purchasing policies; m unicipal powers— recent 
legislative enactm ents lim iting or increasing m unicipal powers; 
c ity  planning and zoning provisions; ordinances relating to retail 
trade; provisions relating to playgrounds and recreation, and 
public welfare; police adm inistration, public works, schools and 
education, public libraries, judicial adm inistration, etc.).

B. F inancial statistics.
1. Revenue receipts for the year, classified as to  source (general 

property  taxes; special p roperty  and o ther special taxes; poll 
taxes; license taxes; special assessments; fines, forfeits, a n d  

escheats; g rants in aid; donations; pension assessments; highway 
privileges; rents and in terest; earnings of general departm ents; 
earnings of public-service enterprises, etc.).

a. Total.
b. Per capita.

2. Paym ents for operation, for the year (including salaries and wages 
of personnel) classified as to  object of paym ent (such as general 
governm ent; protection to person and property; conservation of 
health ; sanitation; highways; charities, hospitals, and corrections; 
education; recreation; miscellaneous).
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a. Total.
b. Per capita.

3. T o tal gross deb t (at year-end of accounting—classified as to 
character of obligations, such as funded or fixed, special assess
m ent bonds and certificates, and revenue notes); “ ne t indebted
ness” ; or such o ther classification of deb t obligations as will 
adequately describe the city governm ent financial situation.

4. Difference between to ta l revenue receipts and to ta l paym ents for 
operation in term s of excess or deficit (for the la test year of record).

5. Trends in m unicipal deb t; comparison w ith o ther cities.
6. Financing relief and recovery.

a. M ethods used.
b. Trends in  num ber receiving relief from public funds (com

parisons for recent years of record).
7. Comparisons w ith other cities.
8. Recent economies effected in local government.

C. T axation (by kind of taxes: real estate, poll, income, license, etc.).
1. C urrent rates, also comparisons w ith previous years sufficient to 

indicate trends; comparisons w ith comparable cities.
2. T o tal assessed value of all taxable real estate.
3. T o tal delinquent taxes for th e  year (by kind of taxes); to ta l 

accum ulated delinquent taxes.
4. O ther facts of im portance.

D. U tilities owned and operated (data as to  kind and im portance of each 
activity).

E. N um ber of registered voters (comparisons w ith num ber registered 
during preceding years of record).

F. O ther facts of significance.
XXVIII. Civic, Social, and Related Facilities and Activities.

A . Clubs, lodges, social service agencies, etc.—general da ta  as to —
1. Principal organizations.
2. N ature and im portance of influence in the community.
3. Clubhouses and other facilities.

B. Churches (number, classified by denominations of mem bership).
C. Schools (exclusive of “ Universities and other in stitu tions” under 

X X III).
1. Number, classified as to type (grade, high schools, public, private, 

parochial, etc.).
2. Recent trends in enrollment.
3. Adequacy of buildings and o ther facilities.
4. Recent trends in public school developm ent (general situation; 

salary scale of teaching force in public schools; such comparisons 
w ith other cities as m ay be helpful).

5. O ther facts indicative of educational developments.
D. L ibrary facilities (num ber and kind—public, private, special; ade

quacy).
E. Theaters, m otion-picture houses, etc.
F. Playgrounds and parks (description of existing facilities, as to location, 

size, accessibility, recent im provem ents, adequacy or inadequacy).
1. P lay lots, for children of pre-school age.
2. Neighborhood playgrounds, for children up to  fourteen years.



692 B U S I N E S S  S T A T I S T I C S

XXIX.

3. D istrict playfields, for active play of people over fourteen years.
4. A thletic fields, for organized sports.
5. Small neighborhood parks, for passive recreation.
6. Large parks, for passive recreation.
7. Reservations (large parks left in n a tu ra l state).

G. O ther recreational facilities (golf courses, fishing and hunting facilities, 
etc.).

H. Special facilities (central garage, com m unity m arket, etc.).
I . Relief facilities.

1. Com m unity chest or o ther local provisions.
2. Recent trends in  the local relief situation.

J . H ealth  and safety facilities and conditions.
1. Hospitalization and medical carc.

a. Description of hospital facilities (other than sta te , county, 
etc. under X X V III).

b. Provision for free clinics, etc.
c. Recent trends in ra tes to  patients, developm ents in service 

and facilities.
2. Vital statistics (birth and death  rates for year; facts sufficient 

to indicate trends over a period of years; comparisons w ith other 
cities).

3. W ater for domestic use (source, adequacy of supply, and quality ; 
recent trends in ra te  scale to  consumers).

4. Sewage and garbage disposal.
5. Fire protection (adequacy, details as to w ater pressure, placement 

of hydrants, etc.).
6. Police protection (adequacy, details as to measures taken to 

safeguard the  community).
7. Traffic and parking regulations (recent trends tow ard increase or 

decrease in traffic accidents); essential details no t included u n d e r
X XV I.

8. Sanitary  prom otion (measures taken  to safeguard the public, from 
unsanitary  conditions in public eating places, beauty  parlors, 
barber shops; requirem ents as to care in the wholesaling a n d  
retailing of perishable goods, etc.).

K. O ther im portan t civic and social features.
L. Recent civic and social changes or trends of outstanding importance. 

Important Physical Facilities and Special Features no t elsewhere d e s c r ib e d  

(num ber miles or blocks of pavem ent, lighted streets, e tc .; boulevards, 
w ater front, bridges, etc.).
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SECTION II.— SOURCES OF DATA

The listings given in th is section are num bered and lettered to  indicate a t w hat 
point each of the various inform ational item s apply to  m ajor subjects and sub-headings 
enum erated in the outline under Section I . 1

I. H istorical Sketch.
A -l and 2. American Guide Series. List of published guides available 

from Federal W riters’ Project, Works Progress A dm inistra
tion, W ashington, D. C. (As of early 1938, 150 city, state, 
and regional guides had  been printed by private  publishing 
houses. O ther reports in process.)

Local authorities2 including oldest inhabitants, encyclopedias, 
and historical references in local libraries, newspapers, city, 
county, sta te , and Federal governm ental records.

B -1. American Guide Series.
S tate Maps, Geological Survey, U. S. D epartm ent of Interior. 

(Includes details of topography.) Available from U. S. D epart
m ent of Interior, W ashington, D. C. Prices from 25 cents to  $1.

“ Climatic Summ ary of the U nited S tates” (by areas). W eather 
Bureau, U. S. D epartm ent of Agriculture. Superintendent of 
D ocuments, W ashington, D. C. Price $5. (Reports for indi
vidual areas, price 10 cents.)

“ Atlas of American Agriculture,” 1936, Bureau of Agricultural Eco
nomics, U. S. D epartm ent of Agriculture. Superintendent of 
Documents. Price $17.

2. American Guide Series.
“ M ap of the Principal W aterways of the U nited S ta tes .” Army 

Engineer Corps, U. S. W ar D epartm ent. Available from U. S. 
W ar D epartm ent, W ashington, D. C. Free.

Port Series and Lake Series. Army Engineer Corps, U. S. War 
D epartm ent. (Separate report for each port.) Superintendent 
of Documents. Prices vary  from 25 cents to  $2.25.

Local authorities (keepers of township and county historical records, 
newspaper files, etc.).

3, 4, 5, 6, and 7. American Guide Series.
Local authorities (oldest inhab itan ts, local historical 

records, etc.).
C. American Guide Series.

Local authorities (city officials in charge of departm ents, surveyor’s 
personal check and analysis).

1 The purchase price and source are indicated the first tim e reference is made to a 
Publication. Prices listed refer to  prices on publications available as of Ju ly  1938. 
Prices on la te r editions treating  the same subjects may vary in price and no t be 
identical in title.

2 This reference and subsequent references to local authorities are given as possible 
sources of inform ation when published m aterial applicable to the subject is no t known 
to exist or m ay be inadequate for local purposes. If inform ation for the individual 
city is no t available from outside publications and has not been collected by  some 
local organization, the investigator will necessarily choose between no t including the 
subject in his study or covering it  through a  field survey.
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II. Location.
A. S tate  M aps, Geological Survey.

P o rt Series and Lake Series, Army Engineers Corps.
“ M ap of the Principal W aterways of the U nited S tates.” Army Engi

neers Corps.
“ A tlas of American A griculture.”
U nited S tates atlases issued by p rivate  publishers. Available for 

reference in public libraries.
B -1. S tate  Maps, Geological Survey.

“ Atlas of American Agriculture.”
2. “ Clim atic Sum m ary of the U nited S ta tes.”

“ Atlas of American Agriculture.”
3. American Guide Series.

Local authorities (personal observers, managers of tourist offices,
offices of city  departm ents, etc.).

C-l-a. Census of Agriculture, 1935. Bureau of the Census, U. S. D epart
m ent of Commerce. (Statistics by Counties.) Superintendent 
of Documents. Three volumes, price $6.75.

“ A tlas of American A griculture” (soil formations).
Soil Survey Reports. Bureau of Chem istry and  Soils, U. S. D epart

m ent of Agriculture. (Separate reports for individual counties.) 
Superintendent of Documents. Prices from 10 cents to  75 cents.

Minerals Yearbook. Bureau of mines, U. S. D epartm ent of In te
rior. Superintendent of Documents. Price 1937 edition $2.25.

“ The Lum ber Industry , Including a Selected L ist of T rade Associa
tions, 1936.” Bureau of Foreign and  Domestic Commerce, 
U. S. D epartm ent of Commerce. Available only from Bureau of 
Foreign and Domestic Commerce, W ashington, D. C. Price 10 
cents.

Lumber, Lath and Shingles, 1936. Bureau of the Census. Avail
able from the Bureau of th e  Census, W ashington, D. C. Free.

“ F orest Regions of the U nited S tates, 1933.” Forest Service, 
U. S. D epartm ent of Agriculture. (M ap.) Available from 
Forest Service, U. S. D epartm ent of A griculture, W ashington,
D. C. Free.

“ Present and P oten tia l T im ber Resources, 1933.”  (Reprinted 
from a “ N ational Plan for American Forestry ,” Senate Document 
No. 12, 72d Congress.) Forest Service, U. S. D epartm ent of 
A griculture. Free.

b. M inerals Yearbook.
b and c. “ N ational Power Survey, 1935. Interim  report Power 

Series No. 1,” Federal Power Commission. Superin
tenden t of D ocuments. Price 75 cents.

Local authorities.
C-2. Sources of inform ation in the city  and nearby cities.
C-3-a. “ Industrial M arket D a ta  Handbook of th e  U nited S tates, 1938.” 

Bureau of Foreign and Domestic Commerce. (Statistics by 
counties and sta tes.) Available from Superintendent of Docu
m ents. In  process.

Biennial Census of Manufactures, 1935. B ureau of th e  Census. 
(S tatistics for counties and cities above 10,000 population.) 
Superintendent of D ocuments, Price $1.75.
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Minerals. Yearbook.
b. “ A tlas of Wholesale Grocery Trading Areas.” B ureau of Foreign

and Domestic Commerce. Available only from Bureau of 
Foreign and Domestic Commerce. Price $1.00.

Census of Business, 1935. “ Wholesale D istribution, Vol. I I I .” 
Bureau of the Census. (Statistics for counties and cities above 
5,000 population.) Available from Bureau of th e  Census. Free.

c. “ Consumer M arket D a ta  H andbook, 1938.” Bureau of Foreign
and Domestic Commerce. (Statistics by counties and  cities 
above 2,500 population.) Superintendent of D ocum ents. In  
process.

“ P a tte rn s of Stores, Sales, and Population in th e  U nited S ta te s .” 
Bureau of Foreign and Domestic Commerce. (Concentration of 
stores by  kinds of business.) Available only from B ureau of 
Foreign and Domestic Commerce. Price 10 cents.

Domestic Regional Surveys. Bureau of Foreign and  Domestic 
Commerce. (Separate volume for each area covered.) Super
in tendent of D ocuments. Prices range from 60 cents to  $1.85. 

Census of Business, 1935. “ R etail D istribution, Vol. I I I . ” 
Bureau of th e  Census. (S tatistics by  counties and cities above 
2500 population by  kinds of business.) Available from  B ureau 
of th e  Census. Free.

“ Consumer Trading Areas of the U nited States, 1935.” (M ap.) 
H earst Magazines, Inc., 57th S treet a t 8 th  Avenue, New York 
City.

“ H agstrom ’s 4-color R etail Trading Area M ap of th e  U nited States,
1936.” (Trading areas of principal sales centers.) Hagstrom  
Co., Inc., 22 Vesey S treet, New Y ork City.

d. P o rt Series and Lake Series, Army Engineers Corps.
Foreign Commerce and Namgation of the United States. (Annual.) 

Bureau of Foreign and Domestic Commerce. Superintendent 
of Documents. Price of 1936 edition (2 vols.) $3.00.

Monthly Sum mary of Foreign Commerce of the United States. 
Bureau of Foreign and Domestic Commerce. Superintendent 
of Documents. Subscription price, $1 a year; single copies,
10 cents. (Includes export statistics by country of destination.)

III. Population.
A -1 and 2. Census of Population, 1930, Vol. I I I .  Bureau of th e  Census.

(States, counties, cities of more th an  1,000 population and 
minor civil divisions.) Superintendent of Documents. 
Two Parts. Price $6.50. (New Census every ten  years.)

“ M etropolitan D istric ts,” 1930. Bureau of the Census. 
(96 m etropolitan districts w ith population of 100,000 or 
more.) Superintendent of Documents. Price 85 cents.

B. Census of Population, 1930, Vol. II I .
C. Census of Population, 1930, Vol. VI. Bureau of the  Census. (States,

counties, and cities above 2,500 population.) Superintendent of 
D ocuments. Price $3.

D -1. Census of Population, 1930, Vol. II I .
2. Annual m idyear estim ates of population by  states. Bureau of the 

Census. (Cities above 10,000 also covered in  1933 estim ates.) 
Available from Bureau of the Census. Free.



B U S I N E S S  S T A T I S T I C S

S tate  and Special Censuses since 1930. (M ultilithed.) Bureau of 
the Census. (Cities above 10,000 in the six sta tes covered, also 
Chicago and C incinnati.) Available from the Bureau of the 
Census. Free.

3. Local authorities.
E  and  F. Census of Population, 1930, Vol. III .
O. Surveyor’s analysis.

IV. Materials Required by Industry (availability and cost factors).
A  and B. Local sources of information.

V. Power.
A . “ N ational Power Survey, In terim  report, Power series No. 1.” Federal

Power Commission, W ashington, D. C. (Power resources and 
requirem ents of th e  U nited S tates including m aps and statistics.) 
Superintendent of D ocuments. Price 75 cents.

“ N ational Power Survey, Principal Electric U tility  Systems in the 
U nited States, Power Series No. 2 .” Federal Power Commission. 
Superintendent of Documents. Price $1 (paper); S I.50 (buckram).

Local and sta te  authorities, such as governm ent departm ents, local 
supplier, and individual users.

B. “ R ates for Electric Service to  Commercial and  Industria l Custom ers.”
Federal Power Commission. Superintendent of D ocuments. Price 
50 cents.

Local m unicipal adm inistrative officials, records a t  source of supply, 
oldest industries, such s ta te  or regional authorities as m ay be con
cerned.

C. D, E, and F. Local sources of information.
VI. Industry.

A  and B - 1 and 2. Biennial Census of Manufactures 1935, (S tatistics by 
industries and states). N o t e :  M ultigraphed releases 
were issued in 1937-1938 by th e  Bureau of th e  Census 
covering statistics by industries in 33 m ajor industrial 
areas and showing in to ta l (not by  industries) produc
tion figures for counties and for cities above 10,000. 
In  the report of th e  1929 census and in preceding 
censuses of m anufactures th e  d a ta  were broken down 
by industries in  cities above 100,000. A complete 
understanding as to  available census reports and the 
price of each report can best be obtained through 
reference to  the current edition of “ List of Publica
tions of th e  D epartm ent of Commerce” available, 
w ithout charge, from the D epartm ent of Commerce 
or Superintendent of D ocum ents; for inform ation as 
to  la test processed census reports write direct to  the 
Bureau of the  Census.

“ Industrial M arket D ata  H andbook” (statistics by 
counties), 1938.

Editor and Publisher Market Guide (annual) includes 
lists of principal industries by cities in a form con
venient for comparisons between cities of similar 
size, etc. Available from E dito r and Publisher, 
Suite 1700 Times Building, New York. Subscrip
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tion price $4.00. (Probably available for reference 
in local newspaper offices.)

Local and s ta te  au thorities: M anufacturers’ association, 
cham ber of commerce, s ta te  officials concerned with 
industry, executives of individual industries, etc. 
(Since individual industries fill ou t schedules for the 
biennial census it  m ay be possible through general 
local cooperation to  consult individual industries’ 
file copies of present and past reports for a  direct 
survey covering details not included in the published 
census reports.)

B-3. Local authorities and executives of industries moved to o ther cities.
4. Local authorities.

C. Local authorities.
VII. Labor Situation.

A. “ Consumer M arket D a ta  Handbook, 1938.”
Biennial Census of Manufactures, 1935.
Census of Population, 1930. Vol. II I .
Census of Population, 1930. Vol. IV. (Number of gainfully em

ployed by occupation.) Superintendent of Documents. Price 
$3.50.

Census of Unemploym ent, 1930. Vol. I. (N um ber of unem ployed 
by industries and by sex.) Superintendent of Documents. Price 
$1.75.

“ Census of P artia l Em ploym ent, Unemploym ent, and Occupations: 
1937.” (Separate report for each sta te .) Bureau of the Census. 
Free.

Local authorities.
B. “ Union Scales of Wages and H ours in  the Building T rades,” 1936.

Bureau of Labor Statistics, U nited States D epartm ent of Labor. 
Superintendent of Documents. Price 10 cents. (This is an exam
ple of the  type of bulletin available for principal industries.)
N o t e :— T he Bureau of Labor S tatistics has issued a num ber of 
bulletins by  industries showing hours and wages in various cities. 
See Price list 33. Superintendent of Documents. Also w rite direct 
to the D epartm ent of Labor for la test inform ation.

Local authorities.
C. “ W orkm en’s Com pensation Legislation of the  U nited S tates and

Canada, as of January  1, 1929.” Bureau of Labor Statistics. 
(Texts of laws of th e  various sta tes. Supplem ents available upon 
request.) Superintendent of D ocum ents. Price 55 cents. 

“ H andbook of Labor S ta tis tics,” 1936. Bureau of Labor Statistics. 
(Contains sections on w orkm en’s compensation, old-age pensions 
and unem ploym ent insurance under Social Security, minim um 
wages and hours, etc.) Superintendent of D ocuments. Price 
$1.25.

“ Occupational-Disease Legislation in the U nited S ta tes,” 1936. 
Bureau of Labor S tatistics. (Texts of the laws of the various states.) 
Superintendent of D ocum ents. Price 10 cents.

Monthly Labor Review. B ureau of Labor Statistics. (Keeps pace w ith 
new and am endatory actions of sta te  legislatures in the field of w ork
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m en’s compensation legislation, etc.) Superintendent of Docu
m ents. Subscription $3.50; single copy 30 cents.

S tate  and local authorities.
D. Local trade unions.
E  and F. Local industrial and labor leaders, chambers of commerce, and 

o ther local industrial associations.
G. Local authorities.

VIII. Employment and Unemployment.
A . “ Consumer M arket D ata  Handbook, 1938.” (Total gainfully em

ployed in 1930 in counties and all cities above 2,500 population.)
Census of Population, 1930. Vol. I I I .  (Condensed tabulation  for 

principal industries only, by  counties and cities above 25,000.)
Census of Population, 1930, Vol. IV. (D etailed break-down by  all 

occupations, by  sex, by  color and nativ ity , by m arita l condition, 
and by  age for s ta tes and cities above 25,000.) Superintendent of 
D ocuments. Price $3.50.

B. Census of Population, 1930, Vol. IV.
C. Local authorities.
D. Census of Unemploym ent, 1930. Vol. I. (Number of u n e m p lo y e d

by  industries and by sex for cities of 50,000 and over; by  sex only 
for cities above 10,000.) Superintendent of D ocuments. P r i c e  

$1.75.
“ Census of P artia l Em ploym ent, U nem ploym ent and Occupations;

1937.” Special Census under th e  adm inistration  of John D. Biggers- 
(Statistics on unemployed by age, sex, color, occupations, skilled 
and unskilled, etc., for counties and for cities above 10,000.) Final 
reports by sta tes available from Census of Unemploym ent. Free.

Private and governm ental social agencies and local authorities. 
(Records of local registrations and placem ents m ay be obtainable 
from the nearest office of the U. S. Em ploym ent Service of the 
D epartm ent of Labor; local governm ent departm ents in some cities, 
such as Philadelphia, Baltim ore, Buffalo, Columbus, and Syracuse, 
and possibly m any o ther cities have assembled considerable data 
on the local situation; special unem ploym ent da ta  of in terest to 
cities w ithin the s ta te  have been assembled in  some states such as 
Pennsylvania, Michigan, W ashington, and M assachusetts; state 
departm ents of labor and industry  in  m ost sta tes have some defi
nitely  helpful m aterial; and sta te  unem ploym ent compensation 
boards, in compliance w ith the Social Security Act, have individual 
and p lan t pay roll records by  m onths, quarters, and years.)

E. Local authorities.
IX. Consumer Purchasing Power (estim ated income in dollars of individuals and 

families considered in relation to  Cost of Living).
N o t e  :— S t a t e  a n d  lo c a l  i n c o m e  t a x  r e c o r d s ,  w h e r e  i n c o m e  t a x  i s  p a i d  a n d  

r e c o r d s  a r e  a v a i l a b l e  f o r  r e f e r e n c e ,  a r e  i n v a l u a b l e  s o u r c e s  o f  m a t e r i a l  in  

l i e u  o f  o r  s u p p l e m e n t a r y  t o  a  d i r e c t  l o c a l  s u r v e y  a m o n g  a  r e p r e s e n t a t i v e  

s a m p l i n g  o f  t h e  c i t y ’s  f a m i l y  p o p u l a t i o n .  W h e r e  a  l o c a l  f i e ld  s u r v e y  is  

n o t  f e a s i b l e  a n d  l o c a l  i n c o m e - t a x  r e c o r d s  a r e  n o t  a v a i l a b l e ,  e s t i m a t e s  

d e r i v e d  t h r o u g h  t h e  a p p l i c a t i o n  o f  a l l  a v a i l a b l e  p u b l i s h e d  m a t e r i a l  is  

a  v a l u a b l e  s u b s t i t u t e .  I t  i s  s u g g e s t e d  t h a t ,  i n  a d d i t i o n  t o  c o n s i d e r i n g  

s u c h  m a t e r i a l  a s  i s  r e f e r r e d  t o  i n  t h e  f o l l o w i n g  l i s t ,  a  c a r e f u l  c h e c k  b e
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made to  ascertain w hat inform ation for the city is available from offices 
of sta te  departm ents in  th e  sta te  in which the  city is located.1 

A -1. Census of Agriculture, 1935. (Value of crops and livestock by 
counties.)

Receipts from  the Sale of Principal Farm Products. Bureau of 
A gricultural Economics. (M onthly by states.) Available from 
Bureau of A gricultural Economics, U. S. D epartm ent of Agricul
ture. Free.

2. “ Consumer M arket D a ta  Handbook, 1938.” (M ining pay rolls by
counties.)

“ Personnel and Pay  Roll in Industry  and Business, and Farm  Per
sonnel, by  Counties,” 1935. Bureau of th e  Census. Available 
from th e  Bureau of th e  Census. Free.

3. Officials of local u tility  companies.
4. Biennial Census of Manufactures, 1935.

“ Consumer M arket D ata  H andbook, 1938.”
“ Personnel and Pay  Roll in Industry  and Business, and Farm  Per

sonnel, by  Counties,” 1935.
5. Construction Industry, 1935. Vol. I. Bureau of the Census.

(States and Cities of 500,000 population or more.) Available from 
the Bureau of th e  Census. Free.

“ Personnel and Pay  Roll in Industry  and Business, and Farm  Per
sonnel, by Counties,” 1935.

6. “ M otor Bus T ransportation ,” 1935. B ureau of th e  Census.
(Geographical regions only.) Available from the Bureau of the 
Census. Free.

“ M otor Trucking for H ire,” 1935. Bureau of the  Census. (Geo
graphical regions only.) Free.

Local railroad officials, for such inform ation as m ay be available on 
income from em ploym ent in  railroad activities.

7. “ Radio Broadcasting,” 1935. Bureau of the Census. (States, and
cities above 500,000.) Available from the Bureau of th e  Census. 
Free.

8. “ Personnel and Pay Roll in Industry  and Business, and Farm  Per
sonnel, by  Counties,” 1935.

Census of Business, 1935. R etail D istribution, Vol. II. Bureau of 
the Census. (Pay rolls by  counties and cities above 2,500.) 
Available from Bureau of th e  Census. Free.

Census of Business, 1935. Wholesale D istribution, Vol. II I . (Pay 
rolls by  counties and cities above 5,000.)

“ Consumer M arket D ata  H andbook, 1938.”
9. “ Personnel and Pay  Roll in Industry  and Business, and Farm  Per

sonnel, by  Counties,” 1935.

1 “ There is a  dearth  of basic da ta  from which to com pute reasonably satisfactory 
income estim ates. Local income is sometimes roughly estim ated by applying popula
tion figures to  per capita income as com puted from estim ates of national income; by a 
combination of projections from da ta  on incom e-tax returns, together w ith existing 
results of sample studies on family-income distribution and by  o ther m ethods sug
gested by m aterial under “ Consumer Purchasing Power” in the Basic Outline. Fac
tual data, for any com m unity would necessarily come from a specific field survey. 
Prom “ Suggestions for Use in M aking a C ity Survey,” see footnote on p. 671.
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Banks, 1935. Bureau of the Census. (States only.) Available 
from th e  Bureau of the  Census. Free.

“ Financial Institu tions O ther th an  B anks,”  1935. Bureau of the 
Census. (States only.) Available from th e  Bureau of the 
Census. Free.

10. Governm ental authorities in the com m unity or area surveyed.
11. Census of Business, 1935. Service Establishm ents, Vol. II. Bureau

of the Census. (Statistics for states, counties, and cities of 2,500 
population or more.) Available from the Bureau of the  Census. 
Free.

Personnel and Pay  Roll in Industry  and Business, and Farm  Per
sonnel, by Counties,” 1935.

12. Personnel and Pay Roll in Industry  and Business, and Farm  Per
sonnel, by  Counties,” 1935.

B -1. Assets and Liabilities of Operating Insured Banks, D ecember 31, 
1937. Federal Deposit Insurance Corp. (Time deposits of all 
insured banks by sta tes.) Available from Federal Deposit 
Insurance Corporation, W ashington, D. C. Free.

Financial sta tem ents of banks in local newspapers.
2 and 3. Local authorities. (D ata usually no t available except through 

field survey.)
C  and D. N o t e :  The da ta  on national income by sources such as 

agriculture, m anufacturing, income from investm ents, etc., 
prepared annually  by the Economic Research Division, 
Bureau of Foreign and Domestic Commerce, are pertinent 
to  these and all o ther sub-headings under “ Consumer Pur
chasing Power.” E stim ates by  sta tes will be released late in
1938.

E. Sales Management Survey of Buying Power. (Published annually  in 
April. E stim ated “ effective buying incom e” by counties.) Sales 
M anagem ent, Inc., 420 Lexington Avenue, New York City.

Local estim ates.
1'. Consumer Use of Selected Goods and Services, by Income Classes.” 

Bureau of Foreign and Domestic Commerce. (50 representative 
cities.) Available only from the B ureau of Foreign and D o m e s t ic  
Commerce. Price, 12 vols., $1.65.

“ D istribution of Families by Incom e and Fam ily Type, 1935-1936.” 
Bureau of Home Economics, U nited S ta tes D epartm ent of Agricul
ture, and Bureau of Labor S tatistics, U nited S tates D epartm ent of 
Labor. (Prelim inary reports covering native white families i n c l u d 

ing both husband and wife in 51 cities, 140 villages, and 64 counties.) 
C ity  reports available from Bureau of Labor S tatistics, U nited States 
D epartm ent of Labor, W ashington, D. C. Free. C ounty and vil
lage reports available from Bureau of Home Economics, United 
S tates D epartm ent of Agriculture. Free.

Consumer Incomes in the U nited States, T heir D istribution in 1935“
1936. N ational Resources Comm ittee. (Includes estim ates on 
average and aggregate incomes of nonrelief families by types of 
communities.) Superintendent of Documents. Price 30 cents.

“ Financial Survey of Urban Housing,” Bureau of Foreign a n d  D o m e s t i c  

Commerce. (Detailed statistics for 22 cities on incomes of fam ilia  
in owner-occupied a n d  r e n t e d  d w e l l in g  u n i t s . )  S u p e r i n t e n d e n t
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of Documents. Price 13.25. Available for reference in some public 
libraries.

(For m any communities very little  inform ation is available except 
through special field surveys among representative samplings of the 
local fam ily population.)

Statistics of Income Supplem ent, Section 1, “ N um ber of Individual 
Income Tax R eturns for 1934 Classified by  States, Counties, and 
Cities of 25,000 and Over Population, by  N et Income Classes.” 
Bureau of In ternal Revenue, U nited States T reasury D epartm ent. 
Superintendent of Documents. Price 15 cents.

O and H. Individual Income Tax Returns. Bureau of In ternal Revenue, 
U nited S tates T reasury  D epartm ent. (N um berof returns by 
states, by  counties, and by cities and towns published annu
ally.) Available from Bureau of In ternal Revenue, U nited 
States T reasury D epartm ent, W ashington, D. C. Free.

I ,  J  and K. Local authorities.
Living Costs, Standards, and Conditions (and Related Indexes of Consumer 
Use of Buying Power).

A. “ R etail Prices of Food, 1923-1936.” Bureau of Labor Statistics.
(51 cities.) Superintendent of Documents, Price 20 cents. N ote: 
O ther retail prices are collected and can be obtained upon request 
to  th e  Bureau of Labor Statistics.

Changes in  Cost of Living. Bureau of Labor Statistics. (Figures 
on 51 cities published quarterly .) Available from Bureau of Labor 
Statistics. Free.

“ In terc ity  Differences in 59 C ities.”  Works Progress A dm inistration, 
W ashington, D. C. (Costs of Living in 59 cities.) Available from 
Works Progress A dm inistration, W ashington, D. C. Free.

S tate  and local cost of living studies such as studies made by universi
ties, chambers of commerce, and trade and economic groups. (The 
list is too long for specific m ention here. See references in Market 
Research Sources, 1938 ed., Bureau of Foreign and Domestic Com
merce. Superintendent of Documents. Price 30 cents.)

“ Cost of Living in th e  U nited States, 1914-1936.” N ational Industrial 
Conference Board. (Indexes of retail prices of foods, clothing, 
rents in 145 cities, coal in 56 cities, gas and electricity in 131 cities.) 
N ational Industria l Conference Board, 247 P ark  Avenue, New 
York City. Local authorities (intensive study  usually involves a 
local field survey).

B. “ Consumer Use of Selected Goods and Services, by Income Classes.”
Bureau of Foreign and Domestic Commerce. “ U rban Study of Con

sum er Purchases,” 1935-1936.” Bureau of Labor S tatistics. (Pre
lim inary reports.) Available from Bureau of Labor S tatistics. Free.

Fam ily Expenditure D ata , 1935-1936. Bureau of Home Eco
nomics. (19 sm all cities, 140 villages—prelim inary reports.) 
Available from Bureau of Home Economics. Free.

“ Money D isbursem ents of Wage E arners and Lower-Salaried Clerical 
W orkers,” 1934. Bureau of Labor Statistics. (Prelim inary reports 
on 55 cities.) Available from Bureau of Labor Statistics. Free.

N o t e : — See Market Research Sources, 1938 ed., Bureau of Foreign 
and Domestic Commerce, for a  list of various local studies on cost 
of living. Superintendent of Documents. Price 30 cents.
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Local authorities.
C-l and 2. Census of Population, 1930, Vol. VI. (Owned and rented 

dwellings by cities and counties, value and rental classes by 
cities.)

“ Real P roperty  Inven to ry ,” 1934. Bureau of Foreign and 
Domestic Commerce. (Separate report on each of 64 
cities includes da ta  on num ber of owner-occupant and 
ten an t dwellings, values, rents, num ber of families with 
electricity, gas, installed bathing facilities, etc.) Available 
only from Bureau of Foreign and  Domestic Commerce. 
Price 10 cents each, $5 per set.

N o t e : — Real Property Inventories have been m ade in more 
th an  200 cities. A list of cities covered can be obtained 
from the Federal Housing A dm inistration, W ashington, D. C. 

“ Consumer Use of Selected Goods and Services, by  Income 
Classes.”

“ Financial Survey of Urban Housing.”
“ Changes in Cost of Living.”
“ Intercity  Differences in 59 Cities.”

3. “ Typical N et M onthly Bills for Electric Service in Effect
January  1, 1937, in Cities of 50,000 Population or More.” 
Federal Power Commission. Superintendent of Documents. 
Price 15 cents.

“ Typical N et M onthly Bills for Electric Service in Effect 
January  1, 1937, in the S tate of (the s ta te ).” Federal 
Power Commission. (Separate report for each s ta te  cover
ing all cities and towns within the sta te .) Superintendent 
of Documents. Prices 5 cents and 10 cents according to 
size.

“ R ate Service,” American Gas Association. (Complete gas- 
ra te  schedules for all communities in the U nited States.) 
420 Lexington Avenue, New York City.
“ Changes in Cost of L iving.” Bureau of L abor Statistics. 
(Includes coal prices in 51 cities.)

“ W ater Supply S tatistics of American Municipalities, 1929,” 
(rates and consumption) American C ity (M agazine), 470 
Fourth Avenue, New York City.

Local public utilities.
4. “ Real P roperty  Inventory ,” 1934.

“ M a r k e t s  for P l u m b i n g  a n d  H eating Facilities in Residences, 
an Analysis of the Real P roperty  Inventory, 64 Cities.” 
Bureau of Foreign a n d  Domestic Commerce. A v a i l a b l e  

only from Bureau of Foreign and Domestic Commerce. 
Price 10 cents.

“ M arkets for Electrical and Gas Facilities in Residences, an 
Analysis of the Real P roperty  Inventory, 64 Cities.” 
Bureau of Foreign and Domestic Commerce. A v a i l a b l e  

only from Bureau of Foreign and  Domestic Commerce. 
Price 10 cents.

“ Effect of C ity W ater and Sewerage Facilities on Industrial 
M arkets.” Bureau of Foreign and Domestic Commerce.
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(Number of installations of air-conditioning equipm ent in 
434 cities of 20,000 or more population.) Available only 
from B ureau of Foreign and Domestic Commerce. Price 10 
cents.

5. Local sources of information.
D-1. “ Consumer M arket D a ta  H andbook, 1938.” (N um ber of telephones 

by counties.)
Local telephone company.

2. “ Consumer M arket D a ta  H andbook, 1938.” (N um ber of au to
mobiles by  counties.)

County or s ta te  officials.
3. “ Consumer M arket D ata  Handbook, 1938.”  (N um ber of m eters by

counties and cities of 2,500 or more.)
“ Basic Industrial M arkets in the U nited States, Gas and Electric 

U tilities.” Bureau of Foreign and Domestic Commerce. (N um 
ber of gas and electric customers by  counties.) Available only 
from Bureau of Foreign and Domestic Commerce. Price 10 cents. 

Local power company.
4. “ Consumer M arket D ata  H andbook, 1938.” Estim ated num ber of

families w ith radios by counties for 1938—Source: Jo in t Com m ittee 
on Radio Research.

Census of Population, 1930, Vol. VI. (Actual num ber of families 
reporting radio sets for counties and cities of 2,500 or more.)

5. “ M arket D ata  H andbook of the U nited S tates,” 1929. B ureau of
Foreign and Domestic Commerce. (Newspaper circulation by 
counties as of 1927.) Superintendent of D ocum ents. Price $2.50. 

“ D irectory of Newspapers and Periodicals.” N. W. Ayer & Son Co. 
(C irculation of individual newspapers.) N. W. Ayer & Son Co., 
W est W ashington Square, Philadelphia, Pennsylvania.

Local newspaper publishers.
6. “ Consumer M arket D ata  H andbook, 1938.” (Circulation of 12

national magazines by counties and cities of 2,500 or more.)
7. 8, and 9. Local sources of inform ation for special d a ta  applying

to the local situation.
E. Local authorities.

XI. Construction and Real Estate.
A. Census of Business, 1935. Construction Industry , Vol. I. Bureau 

of the Census. (States and  cities of 500,000 or over.) Available 
from Bureau of the Census. Free.

B  and C. Building Construction. Bureau of L abor Statistics. (M onthly 
releases on about 2,000 cities of 2,500 population and over.) 
Available from Bureau of Labor S tatistics. Free.

Local building perm it officer.
D. “ Real Property Inven to ry ,” 1934. (Total num ber of vacan t resi

dential units.)
E. Local building inspector, zoning board, etc. (Local study in m ost

cities would require a special field survey.)
F. Local authorities.
G. Census of Business, 1935. Real E sta te  Agencies (cities of 25,000 and

over). Available from the Bureau of the Census. Free.
H. Local recorder’s office.
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I. Financial Statistics of Cities, 1935. Bureau of the Census. (As
sessed valuation of taxable property  and am ount of taxes levied for 
cities of 100,000 and over. Published annually.) Superintendent 
of Documents. Price $1.

“ Financial S tatistics of S tate and Local Governm ents,” 1932. B u re a u  
of the Census. (Assessed valuation and  tax levies.) S u p e r in t e n d 
en t of Documents. Price $2.50.

“ Digest of S tate  Laws R elating to T axation and R evenue,” 1922. 
Bureau of the Census. (Available for reference in public libraries. 
1932 Digest separates are available on 12 states only.) Superintend
en t of D ocuments. Price 5 cents each.
Local and sta te  tax authorities.

J , K, and L. Local real esta te  board, or association, cham ber of commerce, 
and other local authorities.

XII. Wholesale Trade.
A , B, C, and D. Census of Business, 1935. Wholesale D istribution, 

Vol. II I . B ureau of the Census. (D ata  for counties 
and cities of 5,000 or more; analysis by type  of opera
tion for cities of 50,000 or more; by kind of business 
for cities of 20,000 or more.) Available from Bureau 
of the Census. Free.

E. S tate  and local authorities.
F . Census of American Business, 1933. Wholesale D istribution, Vol.

V III . Bureau of the Census. (N um ber of new establishm ents for 
a few selected states.) Available for reference in m ost large public 
libraries.
Local wholesalers.

G and  H. C ourt records, C ham ber of Commerce, etc.
I. “ A tlas of Wholesale Grocery Trading Areas.”

Census of Business, 1935. Wholesale D istribution, Vol. II I .
Local sources of information.

XIII. Retail Trade and Metropolitan Shopping Areas.
A -l-a . Census of Business, 1935. Retail Trade, Vol. IV. Bureau of the 

Census. (States and Cities of 500,000 and over.) Available 
from Bureau of the Census. Free.

Local field survey.
b. Census of Business, 1935. R etail T rade, Vol. II I . (Counties and 

cities of 2,500 or more.) Available from the Bureau of the 
Census. Free.

“ Consumer M arket D ata  H andbook, 1938.”
Census of Business, 1935. Vol. II . (Detailed breakdow n by 

kinds of business for cities of 50,000 and over.) Available from 
Bureau of the Census. Free.

2 and 3. Census of Business, 1935. Retail Trade, Vol. II . (Total 
employees and pay rolls for cities of 2,500 or more; kinds of 
business breakdowns for cities of 10,000 or more.)

Census of Business, 1935. Retail T rade, Vol. V. (M onthly 
em ploym ent da ta  by kinds of business, for states and cities 
of 500,000 or more.) Available from Bureau of the Census. 
Free.

4-o and b. Census of Business, 1935. Retail Trade, Vol. II I. (Cities 
of 2,500 or more.)
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c. “ Consumer M arket D ata  Handbook, 1938.” (Per capita sales
for counties and cities of 2,500 and over.) ,

d. Analysis by th e  individual making the study.
e. Retail Sales, Independent Stores. Bureau of Foreign and Domestic

Commerce. (M onthly releases showing percentage changes 
in sales in m ost cities in 26 states. Percentage changes in 
sta te  figures are shown by types of business.) Available only 
from Bureau of Foreign and Domestic Commerce. Free. 
Local retailers.

5. Local retail trade association and cham ber of commerce.
Local retailers.

6. Local store executives and proprietors.
Census of Business, 1935. Retail Operating Expenses. (Rent, and 

to ta l operating expense for all kinds of business combined, by 
sta tes; to tal operating expense by kinds of business in selected 
states. References to the more detailed operating expense da ta  
in previous censuses are contained in the foreword of the Census 
publication.) Available from the Bureau of the Census. Free. 

Cost of doing business studies for particular kinds of business in 
particular localities made by the B ureau of Foreign and Domestic 
Commerce, o ther governm ental departm ents, university schools of 
business adm inistration, etc.

N o t e : — The list is too long for specific mention here. See references 
in Market Research Sources, 1938 edition, or make specific, 
inquiry to the M arketing Research Division, Bureau of Foreign 
and Domestic Commerce.

7 and 8. Local m erchants’ associations, store executives, and pro
prietors.

9. M unicipal and s ta te  authorities.
10. Local survey for detailed study. (In some cities, chain store 

organizations, or o ther authorities have made special investiga
tions.)

11 and  12. Census of American Business, 1933. R etail D istribution, 
Vol. IV. (Statistics by states on the num ber of stores 
opened by kinds of business by quarters during 1933 and 
for the preceding three-year period.) Available for refer
ence in m ost large public libraries.

Court records.
13. Local retailers.

B. “ M etropolitan D istricts, Population and Area,” 1930. Bureau of the 
Census. (For all m etropolitan districts over 100,000 population.) 
Superintendent of D ocuments. Price 85 cents.

“ Consumer Trading Areas of the U nited States, 1935.” (M ap) H earst 
Magazines, Inc.

“ H agstrom ’s 4-color Retail Trading Area M ap of the U nited States,
1936.” H agstrom  Company.

Local newspapers and  cham ber of commerce. O ther local authorities. 
(The local situation m ay suggest a special field study.)

XIV. Buying Habits of Local Consumers.
A. “ Retail Credit Survey,” 1937. Bureau of Foreign and Domestic 

Commerce. (Based on reports from 86 cities on some of which
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statistics will be presented separately showing open account, 
deferred-paym ent, and cash sales.) Superintendent of Documents. 
Price 20 cents.

B, C, and D. “ M arket Records, Buying H abits and B rand Preferences 
of Consumers in  Sixteen Cities,” 1938. Scripps-Howard 
Newspapers, N ational Advertising D epartm ent, 230 
P ark  Ave., New York City, and o ther local studies on 
consumer buying habits m ade by  newspapers, university 
bureaus of business research, etc.

N o t e : —The reports are too numerous to m ention specifi
cally in this list b u t references m ay be found in the 1938 
edition of Market Research Sources. (Adequate inform a
tion on the local situation m ay involve a special field 
study.)

XV. Service Establishments, Hotels, Places of Amusement.
A. Census of Business, 1935. Service Establishm ents, Vol. II . (States,

counties, and cities of 2,500 and  over.) Available from the Bureau 
of the Census. Free.

Census of Business, 1935. Service Establishm ents, Vol. III . 
(M onthly em ploym ent by states and cities of 500,000 and over.) 
Available from Bureau of the Census. Free.

Local service establishm ents.
B. Census of Business, 1935. Hotels. (By states, counties, and selected

cities of 100,000 or more.) Available from the Bureau of the 
Census. Free.

Hotel Redbook and Directory. (Annual) American H otel Association 
D irectory Corporation. (N um ber of rooms, rates, and facilities.) 
Available from American H otel Association D irectory Corporation, 
221 W est 57th Street, New York City.

Local hotel managers, and state, county, and municipal records.
C. Census of Business, 1935. Places of Amusement. (By states.)

Available from the Bureau of the Census. Free.
Proprietors of local places of amusement.

XVI. Transportation Facilities.
A -1 and 2. Official Guide of the Railways, N ational Publishing Co., 424 

W est 33rd Street, New York, New York.
Local station  master.
Local passenger agents of the various railroads.

3 and  4. “ F reigh t Comm odity S tatistics,” In te rs ta te  Commerce 
Commission. (By regions and districts.) Superintendent 
of Documents. Price 75 cents.

“ T ranscontinental and In tercoastal T rade of the Pacific 
Southwest in 1926.” Bureau of Foreign and Domestic 
Commerce. Superintendent of Documents. Price 25 
cents.

5, 6, 7, and  8. Local authorities. (Lack of available inform ation on 
the local situation m ay indicate the need of a s p e c ia l  
study.)

B. Green’s M arine Directory of the Great Lakes. Green’s M arine Directory 
of the G reat Lakes Company, Rockefeller Bldg., Cleveland, Ohio. 

Pacific Shipper. 311 California St., San Francisco, California. 
Shipping Digest. 420 Lexington Ave., New York, New York.
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Official Steamship and Airw ay Guide. T ransportation  Guides, Inc., 
420 Lexington Ave., New York, New York.

Export Trade and Shipper. Business Publishers’ In ternational Cor
poration, 330 W est 42nd St., New York, New York.

P o rt Series and Lake Series. Corps of Engineers, W ar D epartm ent.
“ Inland-w aterw ay F reight T ransportation  Lines in  the U nited S tates.” 

Bureau of Foreign and Domestic Commerce. Superintendent of 
Documents. Price 30 cents.

“ G reat Lakes-to-Ocean W aterw ays.” Bureau of Foreign and Domes
tic Commerce. Superintendent of Documents. Price 25 cents.

U nited States M aritim e Commission, W ashington, D. C.
American Steam ship Owners’ Association, 11 Broadway, New York, 

New York.
Officer in charge of local station (if any) of the Army and N avy Corps 

of Engineers.
Local officials of shipping lines.
Foreign Commerce and Navigation of the United States. Bureau of 

Foreign and Domestic Commerce.
0-1. Official Aviation Guide. Official Aviation Guide Co., Inc., 608 

South D earborn St., Chicago, Illinois.
Airway M ap of the U nited States. Bureau of Air Commerce, 

U nited States D epartm ent of Commerce. Available from 
Civil A eronautics A uthority , W ashington, D. C. Free. 

“ Scheduled Airline O perators” (mimeographed). Bureau of Air 
Commerce. Available from Civil A eronautics Authority. 
Free.

2 and 3. Official Aviation Guide.
Local authorities, such as information office of airport, airline 

ticket office in city  or railway station, and a irport managers.
“ Description of A irports and Landing Fields in the United 

S tates.” Bureau of Air Commerce. Available from 
Civil Aeronautics A uthority.

“ Tabulation of Air N avigation Radio Aids.”  Bureau of Air 
Commerce. Available from Civil Aeronautics A uthority. 
Free.

Aeronautical Charts. Coast and  Geodetic Survey, United 
States D epartm ent of Commerce. (Shows airports, trolley 
lines, railroads, highways, beacon lights, radio stations, etc.) 
Available from Coast and Geodetic Survey, W ashington,
D. C. Prices vary  from 40 cents to $1.20.

Aeronautical Comm unications Stations. (M ap) Bureau of 
Air Commerce. Available from Civil Aeronautics A uthor
ity. Free.

“ Comm unications M anual.” Aeronautical Radio, Inc., Na
tional Press Building, W ashington, D. C.

“ N ational A irport P lan .” Bureau of Air Commerce. (Rec
ommended facilities and selected da ta  for individual 
cities.) Available from Civil Aeronautics A uthority. Free. 
(D istribution lim ited to  planning agencies.)

4, 5, 6, and 7. Local authorities.
O -l. T ransportation Maps. Bureau of Public Roads, U. S. D epartm ent 

of Agriculture. Superintendent of Documents. Prices vary
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according to the num ber of sheets per state. 20 cents per 
sheet.

U nited States System of Highways. (M ap.) Bureau of Public 
Roads. (Shows the num ber system  of U nited States highways.) 
Superintendent of Documents. Price 15 cents.

Annual reports of the s ta te  highway commission and  records of the 
highway departm ent of the particular s ta te  studied.

Local sources such as filling station  operators, etc.
2. “ Russel's N ational M otor Coach Guide.” 817 Second Avenue,

S. E ., Cedar Rapids, Iowa.
“ Official M otor F reight Guide.” Universal Guide Corporation. 

(Principal truck  and trailer companies by  cities, schedules, local 
and  long distance m aps of each line.) Universal Guide Corpora
tion, 732-38 W est Van Buren S treet, Chicago, Illinois.

Public service or public u tility  commission in the s ta te  involved. 
In te rs ta te  Commerce Commission, W ashington, D. C.
Records and officials of operating companies.
Highway planning survey service of the Bureau of Public Roads.

3 and 4. Local authorities.
E. Operating company records.

Public service or public u tility  commission of the particular state 
involved.

In te rs ta te  Commerce Commission.
F. “ The Petroleum  Industry  of the Gulf Southw est.” Bureau of Foreign

and Domestic Commerce. Superintendent of Documents. Price 
65 cents.

“ T ransportation  of Gasoline by Pipe Lines.” Bureau of Mines.
Superintendent of D ocum ents Price 10 cents.

Operating company records.
Public u tility  or public service commission of the s ta te  involved. 
In te rs ta te  Commerce Commission.

6. Comparisons from o ther figures under XVI.
H. American T ransit Association, 292 Madison Avenue, New York, 

New York.
O perating company records.
M unicipal public utilities commission.

I. Local authorities.
XVII. Public Warehousing.

A . Census of Business, 1935. Public Warehousing. (By regions and
states.) Available from Bureau of the Census. Free.

M unicipal and  s ta te  records, managers of local warehouses, and 
cham ber of commerce.

B, C, and D. M anagers of local warehouses.
XVIII. Banking and Finance, Insurance.

A . Bankers’ Directory. R and-M cN ally and Company, Chicago, Illinois. 
Census of Business, 1935. Banks. (By states.) Available from 

Bureau of the Census. Free.
Assets and Liabilities of Operating Insured Banks, Decem ber 31, 

1937. Federal D eposit Insurance Corp.
Officers of local banks, and financial statem ents of banks in local 

newspapers.

A P P E N D IX  I V  709

B. Census of Business, 1935. Financial Institu tions other than  Banks.
(By states.) Available from Bureau of the Census. Free.

Officers of local financial institutions.
C. Census of Business, 1935. Insurance. (By states and cities of 10,000

and over.) Available from Bureau of the Census. Free.
Local officers and agents of insurance companies.

D. Local authorities. (The local situation m ay suggest the need for a
special field survey.)

XIX. Professional Service (physicians, dentists, lawyers, etc.).
Census of Population, 1930, Vol. IV, Occupations. (Number engaged in 

professional pursuits for cities of 25,000 and over.) Superintendent of 
D ocuments. Price $3.50.

Telephone and city directories, and local professional men.
XX. Newspapers, Radio Stations.

A . N . W. Ayer & Son’s Directory of Newspapers and Periodicals. (Names
and circulations of newspapers arranged by states and cities.) 
N. W. Ayer & Son, W est W ashington Square, Philadelphia, Penn
sylvania.

Advertising rate cards of local newspapers, and editors, officers, and 
files of local papers.

B. Census of Business, 1935. Radio Broadcasting. (By sta tes and
largest cities.) Available from Bureau of the Census. Free. 

M anagers of local stations.
XXI. Expositions, Fairs, and Conventions.

World Convention Dales (m onthly magazine). Hendrickson Publishing 
Co., 330 W est 42nd Street, New York, New York.

Local cham ber of commerce and other local authorities.
XXII. Industrial and Commercial Associations (chambers of commerce, commodity 

and technical associations, grain exchanges, etc.).
“Selected Trade Associations of the U nited States, 1937 E dition .” Bureau 

of Foreign and Domestic Commerce. (D irectory of 2,400 national 
and in tersta te  associations.) Available only from Bureau of Foreign 
and Domestic Commerce. Price 10 cents.

“ L ist of S tate and Local T rade Associations in [name of state]." Bureau 
of Foreign and Domestic Commerce. (Separate directory for each 
state.) Available only from Bureau of Foreign and Domestic Com
merce. Free.

Local industrial and commercial association executives.
XXIII. Universities and Other Institutions (state, county, etc., having appreciable 

enrollm ents from other communities).
A . “ Educational D irectory, P a rt 3.” Office of Education, U nited States

D epartm ent of Interior. (Covers colleges and universities.) Avail
able from the D epartm ent of Interior, W ashington, D. C. Free. 

R egistrars and other officers of local universities and institutions.
B. Officers of local, Federal sta te  and municipal institutions.

XXIV. Federal, State, or County Government Establishments (for a  sta te  capital or 
county seat, such special establishm ents and facilities as contribute im por
ta n t activities to this type of city).

Local officials of Federal, s ta te  or county governments.
XXV. Other (all o ther types of establishm ents and special features th a t  tend to 

contribute to  the com m unity’s employment, purchasing power, and con
sum ption).

its ■I
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Local authorities.
XXVI. Summarization of Principal State and Local Laws and Regulations affecting 

industry and commerce and consumer purchasing power (The supervision of 
this section by  a  local a tto rney  or a ttorneys is desirable.)

“ U nited States Code A nnotated .”
S tate codes and sta tu tes, m unicipal ordinances. S tate  secretary of state.
A . “ Financial S tatistics of S tate  and Local G overnm ents,” 1932. Bureau

of the Census.
“ Financial Statistics of Cities,” 1935. Bureau of the Census. 
“ Digests of S tate Laws Relating to T axation and Revenue,” 1922. 

Bureau of the Census. (For use as a possible guide as to how a cur
ren t digest can be made.)

B. S tate codes.
C. “ W orkm en’s Compensation Legislation in the U nited States and

Canada, as of January  1, 1929.” Bureau of Labor Statistics. 
“ Handbook of Labor S tatistics, 1936.” Bureau of Labor Statistics. 
“ Occupational Disease Legislation of the United S tates,” 1936.

Bureau of Labor Statistics.
Monthly Labor Review. Bureau of L abor S tatistics.

Z), E, F, and G. S tate codes and statu tes, m unicipal ordinances.
H. “ L ist of U nfair T rade Practices.” M arketing Research Division,

Bureau of Foreign and Domestic Commerce. (Free as long as the 
limited supply lasts.)

I , J ,  and K . Local authorities.
XXVII. Municipal Administration and Related Data.

A . M unicipal Yearbook (annual). The In ternational C ity  M a n a g e r s ’
Association, 1313 E ast 60th Street, Chicago, Illinois.

Local m unicipal authorities.
B  and C. “ Financial S tatistics of Cities,” 1935. Bureau of the Census.

M unicipal Yearbook. (This includes d a ta  from a u t h o r i t a t i v e  
sources on each phase of m unicipal adm inistration.)
Local municipal authorities.

D. E, and  F. Local authorities.
XXVIII. Civic, Social, and Related Facilities and Activities.

A  to  L. Local authorities, including C ham ber of Commerce, telephone 
directory, officials of the public school system, city health 
officials, etc.

B. “ Census of Religious Bodies,” Bureau of the Census, 1936. (Cities
of 25,000 or more.) In  preparation.

C. “ Education D irectory,” Office of Education, U nited S tates D epart
m ent of Interior. (In four parts.) Available from D epartm ent of 
Interior. Free.

“ S tatistics of C ity School Systems, 1933-34.” Office of Education, 
United States D epartm ent of Interior. (Survey of Education in the 
United States.) Superintendent of D ocuments. 30 cents.

J .  “ D irectory of H ospitals,” American M edical Association, 535 S o u th  
D earborn Street, Chicago, Illinois.

“ Vital S tatistics Special R eports.” Division of V ital Statistics, 
Bureau of the Census. (Statistics on births, deaths, and infant mor
ta lity  issued in various forms from tim e to  time. The Division of 
V ital S tatistics’ Weekly H ealth  Index, covering 86 cities, and Weekly 
A ccident Bulletin, for 130 cities, can also be obtained from this 
Division.)
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“ W ater Supply S tatistics for American M unicipalities,”  1929. Amer
ican C ity Magazine, 470 Fourth  Avenue, New York, New York.

XXIX. Important Physical Facilities and Special Features (not elsewhere described).
Local authorities.

Sources of Related Material

This m aterial supplem ents specific references in Section I I  applicable to  points of 
inquiry enum erated in th e  Basic Outline. (Printing-space lim itations require th a t 
publications referred to  in this supplem entary list be selected for their potential help
fulness as guides to  additional m aterial from other sources, as well as for more direct 
considerations.)

Federal Agencies

“Price Lists” by General Subjects.—These give the names of publications under 
the classification and the agency of the governm ent issuing each publication, and are 
currently available. Such lists as the following m ay be of interest: Price L ist No. 10. 
“Laws” ; 15, “ Geological Survey” ; 21, “ Fishes” ; 28, “ Finance” ; 31, “ E ducation” ; 
33, “ L abor” ; 35, “ Geography and Explorations” ; 36, “ Governm ent Periodicals” ; 37, 
“ Tariff” ; 38, “ Animal Industry” ; 42, “ Irrigation, Drainage, W ater-pow er” ; 43, 
“ Forestry” ; 45, “ Roads” ; 46, “ Agricultural Chemistry, and Soils and  Fertilizers” ; 
48, “ W eather, Astronomy and M eterology” ; 51, “ H ealth” ; 53, “ M aps” : Govern
m ent m aps and  directions for obtaining them ; 58, “ Mines” : M ineral resources, 
fuel-testing, coal, gas, gasoline, explosives; 59, “ In tersta te  Commerce Commission 
Publications” ; 62, “ Commerce and M anufactures” ; 69, “ Pacific S tates” ; 70, “ Cen
sus” ; and 72, “ Publications of in terest to suburbanites and  home builders.” 
(Library references.) Price lists are obtainable from the Superintendent of Docu
ments, W ashington, D. C. No charge.

“List of Publications of the U. S. Department of Commerce.”— Superintendent of 
Documents. No charge.

“Market Research Sources.”— A guide to inform ation on domestic m arketing 
emanating from offices of the Federal Government, sta te  governm ents, colleges, 
universities, and foundations, publishers of books and  trade directories, and from 
commercial organizations. Bureau of Foreign and  Domestic Commerce. Superin
tendent of Documents. 1938 ed., 30 cents.

Domestic Commerce.— A periodical appearing on the 10th, 20th, and  30th of 
each m onth, provides a current review of developm ents in the field of m arketing and 
new studies in the field of distribution by governm ent agencies and non-governm ental 
authorities. Bureau of Foreign and Domestic Commerce. Y early subscription, 
* 1.00 .

“ Selected Trade Associations of the United States.”— A directory of approxi
m ately 2,400 national and in tersta te  associations. Available only from the Bureau 
of Foreign and Domestic Commerce. 10 cents.

State and Local Trade Association Directories.— Directories for each s ta te  are 
available, covering trade associations in  cities of more than  3,000 population. Avail
able only from B ureau of Foreign and Domestic Commerce. No charge.

Circular 10, Status of City and County Planning (subject to current revision), and 
other leaflets on planning activities in various communities. N ational Resources 
Committee, W ashington, D. C. No charge.

“Planning Our Resources,” 1938, includes description of the work of regional 
planning agencies in various sections of the country. N ational Resources Committee. 
Superintendent of D ocuments. 10 cents.
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Associations, Commercial Research Agencies, and Other Sources

“The Location of Industry—A Select Bibliography.”— Includes references to 
com m unity outlines and related m aterial prepared by  authorities in the U nited States 
as well as in Canada. 1937. McGill University, Social Science Offices, 3466 Uni
versity S treet, M ontreal, Canada.

Among the survey outlines referred to in the above-nam ed bibliography are: 
“ Industrial Developm ent for a C om m unity” available (w ithout charge) from the 
Policyholders Service Bureau, M etropolitan Life Insurance Company, New York; 
“ Industrial Surveys, an Outline for Communities and M anufacturers,” and other 
m aterial by George C. Smith, Engineer, M issouri-Kansas-Texas Railroad Company, 
Railway Exchange Building, St. Louis, Missouri; “ P reparation  and Use of Industrial 
Surveys” and “ The Bid for New Industries” by  Charles P. Wood, Lockwood Greene 
Engineers, Inc., New York,; “ Survey of Retail Trading Area,” University of Illinois, 
Business Research Bulletin No. 44, and “ A Com m unity Labor Survey,”  Business 
Research Bulletin, No. 34, University of Illinois, U rbana, Illinois.

Similarly available are “ Industrial P lan t Location S tudy,” and o ther m aterial 
by H arold V. Coes, Industrial D epartm ent, Ford, Bacon and Davis, Inc., Engineers, 
New York; “ Traffic and T rade” by Paver and M cClintock, 1935 (Book 3), McGraw- 
Hill Publishing Company, New York; “ How to Reduce M unicipal Expenditures” 
(15 cents), In ternational City M anagers’ Association, Chicago, Illinois; “ The Codifica
tion and D rafting of Ordinances for Small Towns” (50 cents), Public A dministration 
Service, Chicago, Illinois; “ America’s Capacity to Consume” (13.00), T he Brookings 
Institu tion , W ashington, D. C.; “ The Economic Im portance of Boston U niversity to 
the C om m unity” (25 cents), Boston University College of Business Administration, 
Boston, M assachusetts; “ Com m unity Planning” (25 cents) and o ther publications 
of the Regional P lan  Association, New York; “ Is Industry  D ecentralizing?” by 
Daniel B. Creamer ($1.00), University of Pennsylvania Press, Philadelphia, Pennsyl
vania, 1935; “ M igration and Economic O pportunities” by  C arter Goodrich and 
others ($5.00), University of Pennsylvania Press, Philadelphia, Pennsylvania, 1936.

“List of Publications of the Chamber of Commerce of the United States,” includes 
references to “ Balanced Rebuilding of Cities,” 1937; “ Zoning, A S tatem ent of Princi
ples, and Procedure,” 1936; “ New O pportunities for City Planning” ; “ Outline of ft 
M aster C om m unity” ; “ Special Inducem ents to Industries” ; “ Reducing S tate  and 
Local Taxes” (10 cents); “ S tate  Sales Taxes,” a  digest of current s ta te  tax  laws (10 
cents); “ S tate and Local B udgetary M ethods” (10 cents), and m any o ther publica
tions available from the Cham ber of Commerce of the U nited States, W ashington,
D. C.

“Urban Markets and Retail Sales.”— This im portan t new type  of m arketing atlas 
was published in the fall of 1938 by Outdoor Advertising, Inc., 60 E ast 42d St., 
New York. (Published too la te  for review and listing under specific points in the 
Basic Outline. Price no t given.)

“The Municipal Year Book.”— T h e  1938 edition provides a r6sum6 of activities a n d  

statistical da ta  of American cities and a description of services of associations and 
other organizations devoted to  city  planning and to  special subjects of community 
in terest such as taxes, traffic, zoning, education, housing, etc., also an extensive 
source list of inform ation on practically every type of m ajor com m unity problem- 
Available for reference in m ost large libraries. Published by  the I n t e r n a t i o n a l  

C ity M anagers’ Association, Chicago, Illinois. (Price varies for different years.)
“The Industrial Arts Index.”—Lists current m aterial on industry, engineering, 

transportation , trade, business, finance, and distribution. Available for reference in 
m ost large libraries. Published by  H. W. Wilson Company, New York.

A PPEND IX V

PREPARATION OF STATISTICAL REPORTS

After the da ta  in any particular survey have been gathered and presented in  such 
tabular and graphic forms th a t they m ay be readily analyzed, one is ordinarily ready 
to prepare a  report on the investigation. In  the present discussion, which aims to 
furnish assistance in the preparation of statistical reports, the points m ade are offered 
as suggestions ra ther than  rules. These suggestions, however, are based upon m any 
years of practical experience in preparing statistical reports for the use of business men.

In  the preparation of statistical reports, it  is im portan t to rem ember th a t it  is no t 
necessary or generally advisable to follow th e  rules of journalistic w riting. The 
a ttitude  of the reader is entirely different. The newspaper m ust catch the eye w ith 
the first sentence, and hence i t  generally places th e  m ost im portan t fact or idea first. 
The statistical report aims to convince only after a  complete presentation or analysis 
has been given. The final conviction is built on a foundation of sta tistical facts 
presented in an orderly m anner. W ith a  proper progression, the conclusion will be 
reached w ithout th e  necessity of any elaborate or arb itra ry  assertions.

I t  m ust be understood, however, th a t  in business practice, frequently  decisions 
are made based largely on confidence in the judgm ent of subordinates or experts who 
have conducted the investigation. W here such a  relationship exists, the report 
should ordinarily be introduced by a  brief sum m ary of the main facts and analyses 
for the purpose of rapid review. The body of the report, however, should give all the 
data  on which the conclusions are based, arranged in progressive order, laying the 
foundation first and building to the final conclusion.

Use of the Third Person.—The point of view in business reports is ordinarily 
th a t of the th ird  person, and when once decided upon it  should be m aintained con
sistently. In  writing statistical reports, it  is easy to shift unintentionally  from the 
th ird  to the first or second persons; care should be taken  to  guard against this error. 
Though the final determ ination of th e  point of view depends upon the nature  of the 
subject and the purpose of the report, th e  use of the th ird  person is usually the m ost 
effective.

Use of Illustrations.— Charts, diagrams, tables, pictures, and o ther exhibits are 
valuable means of bringing ou t clearly the significant facts, b u t care should be taken 
to illustrate only th e  worth-while points if there is to be a logical developm ent of 
ideas. W hen using such exhibits, it  is usually best to  give them  titles, and these 
titles should be selected w ith reference to  the particu lar points which i t  is desired to 
illustrate or emphasize.

Length of Report.—The num ber of words, phrases, sentences, or paragraphs given 
to  any thought should be the m inim um  necessary to express it  clearly and  forcefully. 
Often a  50-page report m ay be im proved by cutting  it  to 25 or less. On the whole, 
the report should be ju s t long enough to  express in  specific concrete sta tem ents the 
thought of the writer, so th a t th e  reader will gain a vivid impression of th e  significant 
points and a  thorough understanding of the subject m atter.

The Outline.— A t the beginning of an investigation, when the general object is 
determ ined, the problem is ordinarily broken up into its com ponent elements, bu t 
when one is ready to  w rite th e  report, it usually is possible to  regroup the m aterial
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gathered in a more practical m anner for the purpose a t  hand. W hen this has been 
done, the proposed report should be carefully thought through and a detailed outline 
prepared, which no t only lists the topics to be covered, b u t shows th e  position of all 
tables, charts, and im portan t item s throughout the report. The point cannot be too 
strongly emphasized th a t carefully thinking through a  proposed report is necessary 
in preparing a good outline, and th a t  a good outline is essential in system atically and 
logically developing the presentation and analysis of the m aterial gathered.

The First Draft.— One is ready to  write only after the outline has been carefully 
thought ou t and  the m aterial has been thoroughly assimilated. One should think 
over the problem until it  has been fully determ ined w hat is to  be said, and  then  write 
the first d ra ft rapidly w ith the m ind fully occupied w ith the subject of the report, 
giving choice of words or tu rn  of phrases b u t little  consideration. Then, after the 
subject m a tte r has been w ritten  down, the report should be carefully revised and 
restated  in order to m ake i t  more effective.

The Final Revised Copy.—To bring ou t th e  im portan t points prom inently, 
leaving the m inor points in th e  background, is th e  chief function of revision. Every 
unnecessary word should be eliminated and every weak place should be im proved to 
make the report concise and convincing. The w riter should p u t his thoughts on 
paper in  such a  way as to  tell o thers in the fewest words possible exactly 
w hat he has in  m ind; then the im portan t points will stand  ou t clearly. Clearness 
and forcefulness require the careful observation and application of th e  principles of 
unity, coherence, and emphasis in the arrangem ent of words, phrases, sentences, and 
paragraphs.

Appearance of the Report.— In addition to  the principles previously outlined in 
this discussion, i t  is im portan t to  consider the general appearance of the report. 
Slovenly appearance gives an impression of slovenly work. Such form al parts  of a 
report as cover, title  page, le tte r of subm ittal, table of contents, topical headings, 
subtitles, footnotes, and references should be carefully and completely presented.

Formal Parts of a Report.—The formal parts  of a report, in the order in which they 
are ordinarily arranged are:

1. Cover title.
2. Title page.
3. L etter of subm ittal (if included as p a rt of the report).
4. Table of contents.
5. List or lists of exhibits (tables, charts, etc.).
6. M ain body of the report.
7. Appendix.
Cover Title.— On the cover should be sta ted  the title  of th e  report, and ordinarily 

the nam e of th e  au thor and  person or firm for whom the report was made, w ith any 
o ther inform ation of value in  filing. On sm all reports, the  title  m ay ordinarily be 
typed on the cover or typed on a label and pasted on, b u t on m ore form al reports 
bound in leather or fabrikoid, the title  should ordinarily be stam ped on in gold-leaf 
lettering (see E xhibit 250).

Title Page.—The title  page duplicates the inform ation given on the cover and, in 
addition, often gives a more complete title  w ith such inform ation as the date  and place 
of writing.

Letter of Submittal.— A report is usually accompanied by a  le tte r of subm ittal. 
Ordinarily the introductory paragraph of th is le tte r should present the subject of the 
report, the au thority  or reasons for writing it, and its purpose, while the body of the 
le tter should point ou t any o ther im portan t considerations regarding the report. 
Sometimes the le tter is bound in the report, im m ediately following the title  page, bu t 
usually i t  is subm itted  separately. C ircum stances will determ ine the plan to be 
followed.
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Table of Contents.—The table of contents, placed a t  the beginning of the report, 
lists the chapter titles and topical headings w ith their page num bers. I t  is not only 
used for reference purposes, b u t it  is also a skeleton outline which shows a t  a glance 
the significant item s and their interrelations.

Summary.—If i t  is desirable to  include a  sum m ary, it  should as a  rule present in 
brief sentence paragraphs the outstanding facts, the conclusions reached, and the 
action recommended, or o ther outstanding features of the investigation. The sum
mary is a great convenience to  th e  business m an in making a rapid review of th e  report. 
In m ost cases, th e  best position for th e  sum m ary of a  business survey is ju s t preceding 
the main body of th e  report.

Section Titles, Subtitles and Topical Headings.—Considerable care should be 
taken to  choose titles th a t  will be significant of w hat is covered in th e  chapters or other

% » % ' ■

E x h i b i t  2 5 0 . -—- F le x ib le  l e a t h e r  a n d  f a b r i k o i d  c o v e r s  f o r  f o r m a l  r e p o r t s  o f  f r o m  2 5  to  
1 0 0  p a g e s .  T h e  r e p o r t  o n  t h e  l e f t  s h o w s  t h e  p o s i t i o n  s u g g e s t e d  f o r  t i t l e  l e t t e r i n g ,  e tc .  
T h e  o n e  o n  t h e  r i g h t  s h o w s  t h e  f ly  le a f ,  t i t l e  p a g e ,  a n d  s c r e w  b in d i n g .

sections of a  report. From the title , one should be able to  understand clearly w hat 
subject or field is covered. Subtitles are given to  distinct parts  of a m ajor section, 
and (as an aid  to  unity , coherence, and emphasis) topical headings are given to 
paragraphs or to  related series of paragraphs.

Footnotes.—Such inform ation as sources of da ta  should be given in  footnotes. 
“ The use of the  asterisk is proper . . . though . . .  in m odern usage footnotes are 
usually referred to  by means of small figures, technically called superiors.” 1 If the 
source is a publication, the name of the author, title  of the work, page number, the 
name and address of th e  publisher, and the date  of publication should be given, in 
the order m entioned. If the source is a  personal interview, th e  name, position, and 
address of the person m ay be given w ith the date  and  place of the interview. These 
references to  sources are very im portan t if the inform ation is to  be verified or 
supplemented.

1 Wooley, Edwin C., “ Mechanics of W riting,” p, 18, P ,  C. H eath  & Com pany, 
Boston, 1909,



Position of Illustrations and Exhibits.— When charts, diagrams, tables, pictures, 
and o ther exhibits are used to  supplem ent the w ritten  m aterial, they should be placed 
so th a t they  can be used w ith the m inim um  of effort on the p a rt of the reader. All 
illustrations should be as small as they can be made w ithout losing their effectiveness. 
I t  is often possible to  m ake a chart small enough so th a t i t  can be placed within the 
paragraph th a t  it  illustrates. In  this position i t  can be easily observed when the 
w ritten  m atte r is read. Such illustrations m ay be drawn directly on the sheet or 
they m ay be taken  from o ther sources and pasted on the pages of the report. In 
m any instances, as a m atte r of expediency, it  is necessary to  have such exhibits as 
tables and charts on separate sheets by themselves. In  position, such an exhibit 
should ordinarily follow the page on which its analysis is presented. Large exhibits 
m ay be folded and placed in the back of the report, b u t the ir use should be avoided 
when small exhibits would be equally effective.

Typing the Report.— The final copy of a  business statistics report should be care
fully typew ritten, using only one side of the paper.1 The lines should ordinarily be 
double spaced, though usually it  is best to  single space quotations. Topical headings 
should be emphasized by underlining or by  placing them  in a  special position. Once 
decided upon, th e  same relative position and  emphasis should be m aintained for 
topical headings throughout the report. Care should be taken  to see th a t a sufficient 
num ber of carbon copies are made.

Reproduction of Illustrations.— If several copies of charts are to  be made they  can 
be reproduced by  blue printing or by  pho tosta ting . O ther m ethods of reproduction, 
are available for special purposes.

Paper.-—The paper used in reports should be of good quality , and 8 | by 11 inches 
in  size unless otherwise specified. The covers for small reports m ay be heavy paper 
such as th a t commonly used as covers for pam phlets and published reports. The 
subject of covers will be discussed further in connection w ith binding.

Spacing.—A m argin of 1 to  1 \ inches should be b f t  a t the right and bottom  of the 
page, and 1J inches should be left a t  the top. On the left, a  wider m argin of 1J to
2 inches should be left to  allow for binding. The foregoing applies, of course, to  
reports bound on the side. Sometimes i t  is desirable to  bind them  a t the top, when 
care should be taken  to  allow a top binding margin.

Paging.—A report should be paged w ith Arabic num erals either in th e  upper right 
corner or a t  the center of the bottom  of the page. Full page charts, diagrams, exhibits, 
and o ther illustrations should ordinarily be paged along w ith the rest of the report. 
All illustrations should ordinarily be given a  num ber for reference. In  m any reports, 
the tables are designated “ Table 1,” “ Table 2 ,” etc., and the charts are designated 
“ C hart I ,”  “ C hart I I , ” etc. In  other reports, the  charts and tables are all referred 
to  as “ exhibits”  w ith simply one series of Arabic num erals. O ther system s are also 
followed, b u t these two m ethods will cover m ost requirem ents.

Binding.— As far as appearance is concerned, no p a rt of th e  report is more im por
ta n t th an  its  binding. While, strictly  speaking, the kind of binding should have 
perhaps nothing to  do w ith the quality of the report, th e  psychological effect of having 
a good report in  a good binding should no t be overlooked. Ju s t as a m erchant places 
his high-quality m erchandise in a  high-class package, so also is there an advantage 
in placing a  good report in an appropriate cover. The point should be emphasized, 
however, th a t  the cover should be appropriate for the purpose. I t  is extremely bad 
taste  to  place an insignificant report in an  elaborate binding. An appropriate cover 
m ay not necessarily be an expensive cover, b u t i t  should be neat and expertly 
attached.
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1 If a report is being prepared for publication, the publisher’s special instructions 
as to  final preparation should be followed.
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Small reports of a few pages m ay be fastened together with two or three staples or 
eyelets and placed in special paper covers which are provided for the purpose by any 
well-stocked stationery store. Larger reports of, say, from 25 to  100 pages, m ay also 
be placed in paper bindings, b u t if they are of a  more formal nature, it is ordinarily 
desirable to  place them  in leather or fabrikoid bindings, such as those illustrated  in 
Exhibit 250 on page 715. R eports of 100 or more pages should ordinarily be bound 
by a professional binder, and the binding should be selected in accordance w ith w hat 
is appropriate for th e  particular report. R eports of a  few hundred pages can be 
stapled for certain  types of use, b u t if they are im portan t enough, they  should be 
sewed and bound like books.



APPEND IX VI

This brief description of the business cycle and the building cycle indexes th a t were 
presented in Exhibit 158 on page 3311 is included, no t only for the reason th a t  it may 
be helpful in making more detailed studies than  are discussed in Chapters X V I and
X X II, b u t also for the reason th a t i t  m ay be helpful in  indicating methods of making 
system atic approaches to similar problems.

THE CLEVELAND TRUST COMPANY’S 
INDEX OF GENERAL BUSINESS ACTIVITY

The Cleveland T rust Com pany’s Index of General Business A ctivity, presented 
in E xhibit 158, page 331, for th e  period from 1830 to 1937, inclusive, is available for 
the period from 1790 to  date .2 This index “ is composed of one set of 10 series of 
annual d a ta  from 1790 to  1885, and of another set of 10 series of annual da ta  from 
1855 to  1901. The fluctuations above and below norm al were com puted for each 
series separately, and the 10 were then  combined in one. Normal values for each 
series were means between one set of lines running from one prosperity peak to the 
next, and another similar set of lines running from each depression bottom  to the next. 
The annual figures from 1901 to 1919 are those of the Thomas index of m anufacturing 
production w ith m ineral production added, and from 1919 to date  the m onthly figures 
of the Federal Reserve index of industrial production have been used. All the 
da ta  were reduced to a per capita basis.

“ The com putations of the fluctuations of each of the 10 series constituting the index 
from 1855 to  1901 were carried through to include 1930, and the coefficient of correla
tion between each of them  and the production series running from 1901 through 1930 
was computed. T heir deviations were then m ultiplied through by constants so as to 
equate their am plitudes of cyclical fluctuation. Each of the 10 series was then given a 
weight based on its  degree of correlation w ith the production series, and w ith these 
weightings they  were combined into a single index. The 10 series w ith these weights 
are pig iron consum ption 15, railroad freight ton miles 15, cotton consum ption 14, 
canal freight (New York and Sault Ste. Marie) 12, coal production 12, construction 
of miles of new railroads 12, b last furnace activ ity  10, rail production 6, locomotive 
production 2, and  ship construction 2. The 10 series combined give results closely 
similar to those of the production series for the overlap period from 1901 through 
1930. The heights of prosperities, and  the  depths of depressions, are closely alike 
in the two series. The coefficient of correlation for the period is .95. Their average 
deviations for the period are equal.

“ In  a similar way the com putations of the fluctuations of each of the 10 series con
stitu ting  the index from 1790 to 1855 were carried through to include 1882, and the 
coefficient of correlation between each of them  and the first 28 years of the index

INDEXES OF BUSINESS CYCLES AND BUILDING CYCLES

1 The building cycle index is also included in Exhibit 207, on p. 533.
2 This index w as developed by  Colonel Leonard P. Ayres, Vice President of the 

Cleveland T ru st Company.
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running from 1855 to 1901 was computed. Their deviations were then multiplied 
through by constants so as to equate their am plitudes of cyclical fluctuation. Each 
of the 10 series was then given a weight based on its  degree of correlation w ith the 
first 28 years of the index from 1855 to 1901, and  w ith these weightings they  were 
combined into a single index. The 10 series w ith these weights are com m odity prices 
20, im ports 18, im ports retained for consumption 16, governm ent receipts 14, ship 
construction 12, governm ent expenditures 6, coal production 6, exports 5, iron exports
2, and  tons of registered shipping in service 1. The 10 series combined give results 
closely similar to  those of the o ther index for the overlap period from 1855 through 
1882. The heights of prosperities, and the depths of depressions, are closely alike 
in the two series. The coefficient of correlation for the period is .90. Their average 
deviations for the period are equal.

W hen the annual da ta  were determ ined the m onthly da ta  were fitted to  them. 
These m onthly da ta  were based on the figures of the business index of the American 
Telephone and Telegraph Company and on d a ta  for b last furnace ac tiv ity  from 
1877 to  1919. M onthly d a ta  for bank clearings and for stock prices were used from 
1861 to 1877, and those for security and comm odity prices from 1815 to  1861. From 
1790 to 1815 the m onthly  da ta  are based on com m odity prices.” 1 The secular trend 
of this index for the period from 1920 to 1937 has been revised for the chart in Exhibit 
158, and, consequently, the position of the curve differs som ewhat from th a t of the 
curve as originally published.

INDEX OF BUILDING CYCLES, 1830-1937

The Index of Building Cycles presented in Exhibit 158, on page 331, and in 
E xhibit 207, on page 533, is designed to show the great swings in building activ ity  in 
the U nited States for the period since 1830.2 This index is based upon per capita 
building values for an increasing num ber of cities from 1830 to 1900 and a constant 
num ber since th a t date. The num ber is built up, as the da ta  become available, from 
three cities in 1830 to  65 by 1900, and the 65 cities are carried through from 1900 to
1937, inclusive.

Building perm it d a ta  were used as far back as they could be obtained, b u t for the 
period from 1830 to about 1850 the index is based principally upon other types of data. 
In  m any instances different sources reported substantially  different figures on building 
perm its for an  individual city. In  such instances, w hat seemed to be the most 
reliable da ta  were selected after a  careful study  of the various sources and series. 
In  some cases, fragm ents of series had to be ad justed  before they  could be spliced 
together into a homogeneous series. For recent years, only value da ta  are used. 
For the earlier years, only d a ta  on num ber of perm its issued are available for several 
cities. These were converted to a value basis for inclusion in the index.

Beginning w ith New York (M anhattan), Boston, and  W ashington in  1830, cities 
were added to  th e  index as follows: Milwaukee in  1849; Philadelphia in 1855; Indian
apolis in 1858; Baltim ore in 1864; K ansas C ity (Missouri) in 1865; St. Paul in 1867; 
St. Louis in 1868; D enver in  1871; Chicago, Colorado Springs, Bronx, Brooklyn, 
D etroit, and San Francisco in 1874; Louisville, Minneapolis, New Orleans, Portland 
(Oregon), and Providence in 1875; Newark and P ittsburgh in 1881; Bridgeport and 
Fall R iver in 1884; Omaha in 1885; Cincinnati in 1887; Salt Lake C ity and Worcester 
in 1888; Cleveland and Seattle in  1889; D uluth  and Los Angeles in 1890; Albany,

1 From  chart “ American Business A ctivity since 1790” published by  C le v e la n d  
T rust Company, Cleveland, Ohio.

2 This index was developed by John R. Riggleman.
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Buffalo, and Syracuse in 1892; M emphis in 1893; Galveston in 1895; A tlan ta  and 
H artford in 1896; Tam pa in 1897; Des Moines, Rochester, and Toledo in  1898; 
Richmond and Queens (New York) in 1899; and Birmingham, Cambridge, Colum
bus, D ayton, Grand Rapids, Houston, Jacksonville, Jersey City, K ansas City 
(Kansas), Lowell, Nashville, New Bedford, New Haven, Oakland, Peoria, Reading, 
Richmond, St. Joseph, San Diego, Scranton, Spokane, and Tacom a in 1900.

In  order to simplify the problem of trend determ ination and of using an increasing 
num ber of cities from 1830 to 1900, the perm it values and estim ates were placed on a 
per capita basis. The populations of the cities included were estim ated as of July 1 
of each year on the basis of a  sm oothed logarithmic curve drawn through the popula
tion figures of each city for the different decennial census dates. While special adjust
m ents for territo ria l annexations were m ade only in  the more im portan t instances, 
which is believed to  be a satisfactory procedure for the purposes of this national 
study, i t  is considered im portan t in analyses of local conditions to  make careful 
adjustm ents for all annexations or changes in boundaries which occur between census 
dates.

The building perm it figures and other estim ates, sta ted  in term s of value, were 
converted to the equivalent of 1913 dollars, in order th a t they  m ight more nearly 
indicate volume. Otherwise the significance of the fluctuations m ight be obscured, 
owing to the changes in price conditions, especially during the Civil W ar and World 
War inflation periods. For th is purpose, a special index of building costs was devised, 
which was based upon a  new compilation for the period from 1830 to 1851, the Ameri
can Appraisal Com pany’s index num bers of construction costs for the period from 
1852 to  1903, and the construction cost index of the Engineering News Record, with 
a few modifications, for the period from 1904 to 1937.

In  using the 1830-1937 index of building costs ju s t described, i t  is recognized 
th a t its  basis is lim ited to building-m aterial prices and labor rates and th a t it  m ay not 
represent any of the o ther changes th a t take place in building costs, such as in con
tracto rs’ overhead and profits, financing charges, architects’ fees, technical improve
m ents in m achinery, economy in design, greater prefabrication of m aterials, and 
cyclical and  secular variations in the efficiency of labor and m anagem ent. These 
factors m ay vary  considerably from tim e to time, and the changes m ay no t correspond 
to the changes in building-m aterial prices and in to ta l construction costs. If a  syn
thetic index of this type does no t properly reflect the changes in the efficiency of labor 
and m anagem ent and im provem ents in the use of m aterials, its use m ay cause an 
appreciable bias in  the secular trend, as discussed la ter.1

W hen the da ta  had  been expressed as building values per capita, in term s of the 
1913 dollar, a  line representing the long-time trend was computed by  th e  m ethod of 
least squares for the period from 1830 to  1933 and projected to  1937. This trend 
increased from $28.72 per capita in 1830 to $31.93 per capita in 1937, which is an 
increase of $3.21 per capita for the entire period or 3 cents per capita per year. Appar
ently  the declining ra te  of growth of cities has no t yet caused a downward long-time 
trend in per capita building activity, although it  is possible th a t  a  fundam ental change, 
not ye t determ inable, has taken place during the last quarter, or even the last half, of 
the period under consideration. However, too much significance should no t be attached

1 See also Jam es S. Taylor, “ Construction Cost Statistics,”  Journal of the American  
Statistical Association, Supplem ent, Vol. X X IX , No. 185A, pp. 38-42, M arch 1934; 
and Lowell J. Chawner, “ Construction Cost Indexes as Influenced by  Technological 
Change and O ther Factors,” Journal of the American Statistical Association, Sup
plement, Vol. 30, pp. 561-576, Septem ber 1935.
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to  the slope of this trend line, since i t  is probable th a t  it  would be changed somewhat 
by an extension of the period, either backw ard or forward, or by  the addition of 
cities in the earlier parts of the period. Furtherm ore, the elimination of price changes 
by means of a synthetic cost index, based upon fixed am ounts of labor and materials, 
m ight affect the trend  slope. I t  is possible th a t  the cum ulative upw ard bias in such 
an index m ay become very considerable over a period of tw enty  years or m ore.1 
If a  cum ulative upw ard bias does exist in the cost index used, i t  means th a t the per 
capita trend of actual building since 1830 should have a correspondingly greater 
upw ard slope.

The above qualifications apply to any in terpretations th a t m ight be made of the 
secular trend. The objective of this particu lar study, however, is to show cycles, 
and the secular trend  has been eliminated. Since any trend th a t is indirectly elimi
nated  by  a steadily accum ulating bias in the cost index simply reduces the slope of 
the trend th a t is directly eliminated, the cycles in as erratic a series as th e  one under 
consideration would no t be affected to any practical extent by a  secular bias in the 
cost index.

When the building cycle curve is sta ted  in term s of percentage deviations from 
the norm al trend, it  appears as shown in Exhibit 158, on page 331, and Exhibit 207, on 
page 533.

While m any questions m ay be raised and m any criticisms m ay be made, it  is 
believed, nevertheless, th a t the index discussed above is a  reasonable indicator of the 
nation’s building cycles.2 However, no in terpre tation  should be m ade w ithout 
due consideration of the lim itations and qualifications of th e  data . A lthough the 
cities used in  making up  the index are believed to be generally representative, it  is 
possible th a t  they  m ay no t be representative enough for some purposes. For an 
area w ith a higher ra te  of growth than  the average of the cities included, the index 
m ay no t be sensitive enough and the fluctuations m ay no t be wide enough, while for 
an area w ith a  lower ra te  of grow th the fluctuations m ay  be too extreme. I t  is also 
possible th a t the inaccuracies of the original da ta  m ay throw  the index curve some
w hat ou t of line, especially in regard to th e  m inor cycles. The estim ates for the 
early p art of th e  period are no t rigid and m ay no t be accurate enough for certain 
purposes, especially in regard to the am plitude of the resulting cycles. Furtherm ore, 
the construction cost index m ay no t be as representative as it  should be for the 
particular group of cities used. In  spite of all of th e  qualifications pointed out, how
ever, i t  is believed th a t  the building cycle index presents a reasonably good picture 
of the fluctuations in building activ ity  in the U nited S tates during the past 108 years.

1 See opinion of Jam es S. Taylor, formerly Chief of the Division of Building a n d  
Housing, U nited States D epartm ent of Commerce, and now Associate Director, 
Division of Research, Federal Housing Administration, in “ Building Cycles in the 
U nited S ta te s” by John R. Riggleman, Journal o f  the  American Statistical A s s o c ia t io n ,  
Vol. X X V III, No. 182, June"l933, p. 79.

2 The building cycle index described above has been compared w ith a num ber of
other indexes of building activ ity  for periods since 1875 in  an  independent study by
George F. W arren and F rank  A. Pearson. A rem arkably close correspondence was 
found in the general m ovem ents of the cycles as indicated by the different indexes.
See W arren a n d  Pearson, “ World Prices and th e  Building Industry ,” John Wiley
& Sons, New York, 1937, Chap. VI, particularly  p. 108.

APPENDIX YII

HOW TO USE LOGARITHMS—TABLE OF LOGARITHMS

The processes of multiplication, division, raising to powers, and extracting roots 
are greatly  facilitated by the use of logarithm s. By merely substitu ting  the 
logarithms for the numbers, the problem of m ultiplication becomes one of addition, 
th a t of division becomes one of subtraction, th a t of raising to  a  power becomes one of 
simple m ultiplication, and th a t of extracting  a root becomes one of simple division. 
The use of logarithm s is often looked upon as something strange and complicated by 
those who are no t m athem atically trained. As a m atte r of fact, however, it  is much 
easier to  use logarithmic tables th an  i t  is to use m any of the in terest and o ther tables
commonly used by  business men.

Common or Briggs Logarithms.— The logarithm s referred to  in th is discussion are 
the Common or Briggs Logarithms, which are logarithm s to  th e  base 10. T h a t is, 
if n a tu ra l num bers are regarded as powers of 10, the exponents of the  powers are the 
logarithms of the num bers.1

Logarithm s Briefly Explained.—The logarithm s of 1, 10, 100, 1000, etc., and of
0.1, oToi, 0.001, 0.0001, etc., are integral numbers. The logarithm s of all other 
numbers are fractions. T h a t is:

1 =  10° hence log 1 = 0; 0 .1  =  10_1 hence log 0 .1 = - 1 ;
10 =  101 hence log 10 = 1; 0.01 = 1 0  2 hence log 0.01 = -2 ;

100 =  102 hence log 100 = 2; 0.001 =  10~3 hence log 0.001 = - 3 ;
1,000 =  103 hence log 1,000 = 3; and so on.2

If the num ber is between 1 and 10 the logarithm  is between 0 and 1.
10 100, 17 tf 1 ” 2.

100 ” 1,000, )> >> 2 ” 3.
n n ”  l >> 0.1 )> )t 0 ” - 1 .

0.1 ft 0.01, )f > J _ 1  ” - 2 .

And so on.
If the num ber is less than  1, the logarithm  is negative, b u t it  is w ritten  in such a 

form th a t  th e  fractional p art is always positive. A logarithm , therefore, consists of 
two parts—a positive or negative in tegral number, which is called the  characteristic, and 
a positive proper fraction which is called th e  m antissa. Thus, in the logarithm  5.66296, 
the integral num ber 5 is the characteristic, and  the  fraction .66296 is th e  m antissa.

In  determ ining and  using the characteristics of logarithm s, th e  following rules 
are helpful:

To determ ine the characteristic when given a  certain num ber:
If th e  num ber is greater th an  1, th e  characteristic of th e  logarithm  is one less 
than  the num ber of digits to  the left of the decimal point.
If the num ber is less th a n  1, the characteristic (which is negative) is one greater 
th an  the num ber of zeros betw een th e  decim al po in t and the first significant 
figure of th e  given number.

1 In  the more advanced m athem atical work, i t  is sometimes necessary to  use the 
N atural or N apierian Logarithms, in which th e  base is e =  2.71828.

2 The expression “ log 10 =  1 ” m eans th a t  th e  logarithm  of 10 is 1. For th e  sake 
of brevity  “ logarithm  of” is s ta ted  simply as “ log.”
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To point off a certain num ber when given its  logarithm :
If the characteristic is positive, the num ber of digits in the integral p a rt of the 
corresponding num ber is one greater than  the characteristic.
If the characteristic is negative, the num ber of zeros between the decimal 
point and the first significant figure of the corresponding num ber is one less 
th an  the characteristic.

From the above i t  follows th a t :

The characteristic of all num bers from 1 to 9 inclusive is 0;
10 to  99 ” 1;

100 to  999 ” 2;
”  ” ” 1,000 to  9,999 ” 3;

and so on; and th a t
the characteristic of all num bers from 0 .1  to  0 .9  inclusive is —1;

0.01 to 0 .09  ” - 2 ;
”  ” 0.001 to 0.009 ” - 3 ;

and so on.

When stating  a logarithm  which has a negative characteristic, the m inus sign is 
placed above the characteristic to show th a t it  alone is negative. Thus the logarithm 
of 0.0009283 is 4.96769, which means - 4  +  0.96769, or 0.96769 -  4. I t  should not 
be w ritten —4.96769 because the minus sign would then indicate th a t both  charac
teristic and m antissa were negative, when, as previously pointed out, the  m antissa 
should always be considered as positive.

In  order to  simplify com putations involving negative characteristics, 10 is usually 
added to  the characteristic and subtracted  a t  the right of the m antissa. T hus 3.96886 
is expressed 7.96886 — 10. (Com putations involving negative characteristics are 
illustrated  on pages 643 and  644.)

The characteristic of a num ber is ordinarily determ ined by  inspection, b u t the 
m antissa is found by referring to  the tables. Strictly speaking a “ table of logarithms 
of na tu ra l num bers ” is a  table of m antissas.1 Thus if we wish to know the logarithm  
of 892.1, we know by inspection th a t the characteristic is 2, and we find by referring 
to  the tables th a t the m antissa is 95041. (The first three places of the num ber are 
read in the column designated “ N o.” and the fourth is read in the row a t the top, the 
desired m antissa being found on page 663 in the row opposite 892 and in the column 
headed “ 1.” ) The logarithm , therefore, of 892.1 is 2.95041. Conversely, if we have 
the logarithm  2.95041 and we wish to  know the n a tu ra l num ber (or antilogarithm ) 
th a t it represents, we locate the m antissa 95041 and find the num ber 8921. We know 
from the logarithm  th a t  this num ber should be pointed off w ith a characteristic of
2 (with 3 digits to  th e  left of the decimal point) and th a t, therefore, the  desired num ber 
is 892.1.

Logarithm s of the num bers th a t can be derived one from the o ther by m ultiplying 
or dividing by an  integral power of 10 all have the same m antissa. Only the charac
teristics differ. Thus:

The logarithm  of 6,742 is 3.82879 
The logarithm  of 674.2 is 2.82879 
The logarithm  of 67.42 is 1.82879 
The logarithm  of 6 .742 is C. 82879 
T he logarithm  of 0.6742 is 1 .82879; 
and so on.

1 Sometimes a  sum m ary table  of characteristics is included, bu t it  is no t ordinarily 
used in actual practice.
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Interpolation.—The logarithmic tables in th is book (pages 729 to  747) provide for 
numbers of four digits. If the num ber under consideration has more than  four 
significant figures, a  process called interpolation is required. Interpolation is based 
upon the assum ption th a t the change between two consecutive m antissas in the table 
is directly proportional to  the change in the number. Suppose, for instance, th a t we 
require the logarithm  of 34053. The required m antissa is the same as the m antissa for 
3405.3. Hence it  can be found by  adding to the m antissa of 3405, th ree-tenths of 
the difference between the m antissas for 3405 and 3406. These m antissas are 
53212 and 53224, respectively, and the difference is 12. Therefore, the m antissa for 
3405.3 is 53212 +  (0.3 X 12), or 532156, and the required logarithm  of 34053 is 
4.532156.

If, when looking up antilogarithm s, a given m antissa cannot be found in the table, 
find the two m antissas between which the given m antissa lies. The four figures of 
the num ber corresponding to  the smaller of these two m antissas will be the first four 
figures of the required number. The additional digits are determ ined (when neces
sary) by interpolation as follows: Suppose th a t we wish to  find the num ber correspond
ing to  the logarithm  2.48508. The two m antissas in the table adjacent to  the given 
m antissa are .48501 and .48515. The corresponding numbers are 3055 and 3056. 
The smaller of these contains the first four digits of the required num ber. The 
difference betw een the num bers (3055 and 3056) is 1, and the difference between the 
corresponding m antissas (48501 and 48515) is 14. The difference between the smaller 
of these ad jacent m antissas (48501) and the given m antissa of the problem (48508) 
is 7. Hence, the am ount to be added to 3055 is / j  of 1 or 0.5, and the fifth digit of 
the required num ber is 5. Therefore, the num ber corresponding to  th e  logarithm 
2.48508 is 305.55.1

Computation by Logarithms.—The following simple examples are presented to 
indicate the processes to  be followed in  m ultiplication, division, raising to  powers, 
and extracting roots:

M ultiplication .—To find the product of two or more numbers, find the sum of their 
logarithm s and then look up the num ber of which this sum is the logarithm . (The 
sum of the logarithm s of a series of num bers is the logarithm of their product.) T hus:

(1) M ultiply 37.49 X 4.299.
log 3 7 .4 9 =  1.57392 
log 4 .2 9 9 =  0.63337

log of desired product =  2.20729 
.'. product (natural number) =  161.2.

(2) M ultiply 34053 X 0.08142.
log 34053 =  4.53216 

log 0.08142 =  2.91073 =  8.91073 -  10

log of desired product =  13.44289 — 10 
or =  3.44289
.'. product (natural num ber) =  2773.

Division.—To find the quotient of two numbers, sub trac t the logarithm  of the 
divisor from the logarithm  of the dividend. The difference is th e  logarithm  of the 
quotient. T h u s:

1 In  some tables of logarithm s, tables of proportional parts  are included, bu t, with 
a little  practice, the additional figures can be determ ined about as rapidly w ithout 
them . Their omission leaves more space for o ther purposes.
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(1) Solve 42.721 -r 6.732.
log 42.721 =  1.630631 
log 6.732 =  0.828144

log of quotient =  0.802487 
quotient =  6.346.

Raising to Powers.— To raise a num ber to  a  certain power, m ultiply the logarithm 
of the num ber by  the exponent of the power; the resulting product is the logarithm 
of the required power. Thus:

(1) Find the square of 428.7.
log 428.7 =  2.63215 

m ultiply by  2 2

log of square =  5.26430 
.'. square =  183,784.

(2) Find the cube of 0.004287.

log 0.004287 =  7.63215 -  10 
m ultiply by 3 3

log of cube =  22.89645 — 30 
=  8.89645 

.’. cube =  0.00000007879.

Extracting Root.— To find a  certain root of a num ber, divide the logarithm  of the 
num ber by the index of the root, the quotient obtained is the logarithm of the required 
root. Thus:

(1) Find th e  square root of 6436.
log 6436 =  3.80862 

divide by 2 2)3.80862 
log of square root =  1.90431 

.'. square root =  80.225.

(2) F ind the 17th root of 78240.
log 78240 =  4.89343 

divide by  17 17)4.89343 
log of 17th root =  0.28785 

17th root =  1.9403

Geometric M ean .— To find the  geometric mean extract the wth root of the product 
of n  item s. T hus:

D eterm ine the geometric mean of 209, 3199, 42940, 485, 594, and 6494. (M ultiply 
the six item s together and extract the 6 th  root.)

log 209 = 2.32015
log 3199 = 3.50501
log 42940 = 4.63286
log 485 = 2.68574
log 594 E= 2.77379
log 6494 = 3.81251

log of product = 19.73006
divide by 6 6)19.73006

log of geometric mean 3.28834
geometric m ean - 1942.4.
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Exercises

1. S ta te  th e  characteristic for each of the following numbers:

934
4623

24
7

764.53
3.7892
12.364
7582.8

0.7248
0.0006
1000.1
0.0072

2. If log 25 =  1.39794, give the logarithm s of the following:

250
2500

25000

250000
2500000

25000000

2.5
0.25
0.025

5083217
0.74683
0.00001
0.00232

0.0025
0.00025
0.000025

3. Given the following numbers, check the accompanying logarithm s and deter
mino which are correct:

Numbers
2754
3053
345.9
514

Logarithms
3.43996
3.48473
2.33895
2.71096

Numbers
0.8391

76.49
628.1
10.01

Logarithms
1.92381
1.85309
3.79803
1.00043

4. Given th e  following logarithm s check th e  accom panying num bers and determ ine 
Which are correct:

Logarithms 
2.63789 
0.70689 
3.80963 
2.85425

Numbers
434.4
0.5092
6451
71.49

Logarithms
3.93847
1.24279
1.28870
2.49066

5. S ta te  the logarithm s of the following num bers:

2947
86.53
2184
765.1

7.823
496.8
9682
3.127

0.8462
0.9864
0.0026
0.0007

N o t e : —The last column above requires interpolation.

6. S tate  the num bers corresponding to the following logarithm s:

1.33062 
3.46864 
5.73584 
2.79204

0.85058 
T .58535 
0.98941 
1.60108

0.86314 
2.59006 
3.45163 
1.52466

Numbers
8769
14.36
19.44
309.5

76832
41697
82348
17646

1.86073
0.58108
2.44065
3.59643

N o t e : — The last column above requires interpolation.

7. Com pute the following:

134 X 183 
264 X 321 
567 X 184

7446 X 8371 
66.56 X 28.31 
4 .527 X 897.6

1.6225 X 0.7214 
0.1652 X 0.6215 
0.0071 X 0.0042
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8. Compute the following:
144 12 8721 +  7634 
143 -s- 13 68.33 -r 29.38 
783 +  19 4.631 +  2.715

9. Find the following:

Square of 8797 
Cube of 9688

10. Find the following:

Square root of 7968 
Cube root of 9879

4762 -s- 8216 
27.34 -f- 0.062 

0 .0062 -4- 0 .0034

4th power of 7368 
9th power of 6979

5th root of 8697 
19th root of 6799

TABLE OF

THE COMMON OR BRIGGS 

LOGARITHMS 

OF THE NATURAL NUMBERS

FROM  1 TO 1000

1-100

No. Log. No. Log. No. Log. No Log. No. Log.

0 20 1. 30 103 40 1 60 206 60 1 77 815 80 1 90 309
1 0 00 000 21 1 32 222 41 1 61 278 61 1 78 533 81 1 90 849
2 0 30 103 22 1 34 242 42 1 62 32§ 62 1 79 239 82 1 91 381
3 0 47 712 23 1 36 173 43 1 63 347 63 1 79 934 83 1 91 908
4 0 60 206 24 1 38 021 44 1 64 345 64 1 80 618 84 1 92 428

5 0 69 897 25 1 39 794 45 1 65 321 65 1 81 291 85 1 92 942
6 0 77 815 26 1 41 497 46 1 66 276 66 1 81 954 86 1 93 450
7 0 84 510 27 1 43 136 47 1 67 210 67 1 82 607 87 1 93 952
8 0 90 309 28 1 44 716 48 1 68 124 6S 1 83 251 88 1 94 448
9 0 95 424 29 1 46 240 49 1 69 020 69 1 83 885 89 1 94 939

10 1 00 000 30 1 47 712 50 1 69 897 70 1 84 510 90 1 95 424
11 1 04 139 31 1 49 136 51 1 70 757 71 1 85 126 91 1 95 904
12 1 07 918 32 1 50 515 52 1 71 600 72 1 85 733 92 1 96 379
13 1 11 394 33 1 51 851 53 1 72 428 73 1 86 332 93 1 96 848
14 1 14 613 34 1 53 148 54 1 73 239 74 1 86 923 94 1 97 313

15 1 17 609 35 1 54 407 55 1 74 036 75 1 87 506 95 1 97 772
16 1 20 412 36 1 55 630 56 1 74 819 76 1 88 081 96 1 98 227
17 1 23 045 37 1 56 820 57 1 75 587 77 1 88 649 97 1 98 677
18 1 25 527 38 1 57 978 58 1 76 343 78 1.89 209 98 1 99 123
19 1 27 875 39 1 59 106 59 1 77 085 79 1.89 763 99 1 99 564

20 1 .30 103 40 1 60 206 60 1 77 815 80 1.90 309 100 2 00 000

1-100
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100-149

No. 0 1 2 3 4 5 6 7 8 9

100 00 000 00 043 00 087 00 130 00 173 00 217 00 260 00 303 00 346 00 389
101 00 432 00 475 00 518 00 561 00 604 00 647 00 689 00 732 00 775 00 817
102 00 860 00 903 00 945 00 988 01 030 01 072 01 115 01 157 01 199 01 242
103 01 284 01 326 01 368 01 410 01 452 01 494 01 536 01 578 01 620 01 662
104 01 703 01 745 01 787 01 828 01 870 01 912 01 953 01 995 02 036 02 078

105 02 119 02 160 02 202 02 243 02 284 02 325 02 366 02 407 02 449 02 490
106 02 531 02 572 02 612 02 653 02 694 02 735 02 776 02 816 02 857 02 898
107 02 938 02 979 03 019 03 060 03 100 03 141 03 181 03 222 015 262 03 302
108 03 342 03 383 03 423 03 463 03 503 03 543 03 583 03 623 03 663 03 703
109 03 743 03 782 03 822 03 862 03 902 03 941 03 981 04 021 04 060 04 100

110 04 139 04 179 04 218 04 258 04 297 04 336 04 376 04 415 04 454 04 493
111 04 532 04 571 04 610 04 650 04 689 04 727 04 766 04 805 04 844 04 883
112 04 922 04 961 04 999 05 038 05 077 05 115 05 154 05 192 05 231 05 269
113 05 308 05 346 05 385 05 423 05 461 05 500 05 538 05 576 05 614 05 652
114 05 690 05 729 05 767 05 805 05 843 05 881 05 918 05 956 05 994 06 032

115 06 070 06 108 06 145 06 183 06 221 06 258 06 296 06 333 06 371 06 408
116 06 446 06 483 06 521 06 558 06 595 06 633 06 670 06 707 06 744 06 781
117 06 819 06 856 (Hi 893 06 930 06 967 07 004 07 041 07 078 07 115 07 151
118 07 188 07 225 07 262 07 298 07 335 07 372 07 408 07 445 07 482 07 518
119 07 555 07 591 07 628 07 664 07 700 07 737 07 773 07 809 07 846 07 882

120 07 918 07 954 07 990 08 027 08 063 08 099 08 135 08 171 08 207 08 243
121 08 279 08 314 08 350 08 386 08 422 08 458 08 493 08 529 08 565 08 600
122 08 636 08 672 08 707 08 743 08 778 08 814 08 849 08 884 08 920 08 955
123 08 991 09 026 09 061 09 096 09 132 09 167 09 202 09 237 09 272 09 307
124 09 342 09 377 09 412 09 447 09 482 09 517 09 552 09 587 09 621 09 656

125 09 691 09 726 09 760 09 795 09 830 09 864 09 899 09 934 09 968 10 003
126 10 037 10 072 10 106 10 140 10 175 10 209 10 243 10 278 10 312 10 346
127 10 380 10 415 10 449 10 483 10 517 10 551 10 585 10 619 10 653 10 687
128 10 721 10 755 10 789 10 823 10 857 10 890 10 924 10 958 10 992 11 025
129 11 059 11 093 11 126 11 160 11 193 11 227 11 261 11 294 11 327 11 361

130 11 394 11 428 11 461 11 494 11 528 11 561 11 594 11 628 11 661 11 694
131 11 727 11 760 11 793 11 826 11 860 11 893 11 926 11 959 11 992 12 024
132 12 057 12 090 12 123 12 156 12 189 12 222 12 254 12 287 12 320 12 352
133 12 385 12 418 12 450 12 483 12 516 12 548 12 581 12 613 12 646 12 678
134 12 710 12 743 12 775 12 808 12 840 12 872 12 905 12 937 12 969 13 001

135 13 033 13 066 13 098 13 130 13 162 13 194 13 226 13 258 13 290 13 322
136 13 354 13 386 13 418 13 450 13 481 13 513 13 545 13 577 13 609 13 640
137 13 672 13 704 13 735 13 767 13 799 13 830 13 862 13 893 13 925 13 956
138 13 988 14 019 14 051 14 082 14 114 14 145 14 176 14 208 14 239 14 270
139 14 301 14 333 14 364 14 395 14 426 14 457 14 489 14 520 14 551 14 582

140 14 613 14 644 14 675 14 706 14 737 14 768 14 799 14 829 14 860 14 891
141 14 922 14 953 14 983 15 014 15 045 15 076 15 106 15 137 15 168 15 198
142 15 229 15 259 15 290 15 320 15 351 15 381 15 412 15 442 15 473 15 503
143 15 534 15 564 15 594 15 625 15 655 15 685 15 715 15 746 15 776 15 806
144 15 836 15 866 15 897 15 927 15 957 15 987 16 017 16 047 16 077 16 107

145 16 137 16 167 16 197 16 227 16 256 16 286 16 316 16 346 16 376 16 406
146 16 435 16 465 16 495 16 524 16 554 16 584 16 613 16 643 16 673 16 702
147 16 732 16 761 16 791 16 820 16 850 16 879 16 909 16 938 16 967 16 997
148 17 026 17 056 17 085 17 114 17 143 17 173 17 202 17 231 17 260 17 289
149 17 319 17 348 17 377 17 406 17 435 17 464 17 493 17 522 17 551 17 580

No. 0 1 2 3 4 5 6 7 8 9

100-149
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150-199

No. 0 3 4 5 6 7 8 9

150 17 609 17 638 17 667 17 696 17 725 17 754 17 782 17 811 17 840 17 869
151 17 898 17 926 17 955 17 984 18 013 18 041 18 070 18 099 18 127 18 156
152 18 184 18 213 18 241 18 270 18 298 18 327 18 355 18 384 18 412 18 441
153 18 469 18 498 18 526 18 554 18 583 18 611 18 639 18 667 18 696 18 724
154 18 752 18 780 18 808 18 837 18 865 18 893 18 921 18 949 18 977 19 005

155 19 033 19 061 19 089 19 117 19 145 19 173 19 201 19 229 19 257 19 285
156 19 312 19 340 19 368 19 396 19 424 19 451 19 479 19 507 19 535 19 562
157 19 590 19 618 19 645 19 673 19 700 19 728 19 756 19 783 19 811 19 838
158 19 866 19 893 19 921 19 948 19 976 20 003 20 030 20 058 20 085 20 112
159 20 140 20 167 20 194 20 222 20 249 20 276 20 303 20 330 20 358 20 385

160 20 412 20 439 20 466 20 493 20 520 20 548 20 575 20 602 20 629 20 656
161 20 683 20 710 20 737 20 763 20 790 20 817 20 844 20 871 20 898 20 925
162 20 952 20 978 21 005 21 032 21 059 21 085 21 112 21 139 21 165 21 192
163 21 219 21 245 21 272 21 299 21 325 21 352 21 378 21 405 21 431 21 458
164 21 484 21 511 21 537 21 564 21 590 21 617 21 643 21 669 21 696 21 722

165 21 748 21 775 21 801 21 827 21 854 21 880 21 906 21 932 21 958 21 985
166 22 Oil 22 037 22 063 22 089 22 115 22 141 22 167 22 194 22 220 22 246
167 22 272 22 298 22 324 22 350 22 376 22 401 22 427 22 453 22 479 22 505
168 22 531 22 557 22 583 22 608 22 634 22 660 22 686 22 712 22 737 22 763
169 22 789 22 814 22 840 22 866 22 891 22 917 22 943 22 968 22 994 23 019

170 23 045 23 070 23 096 23 121 23 147 23 172 23 198 23 223 23 249 23 274
171 23 300 23 325 23 350 23 376 23 401 23 426 23 452 23 477 23 502 23 528
172 23 553 23 578 23 603 23 629 23 654 23 679 23 704 23 729 23 754 23 779
173 23 805 23 830 23 855 23 880 23 905 23 930 23 955 23 980 24 005 24 030
174 24 055 24 080 24 105 24 130 24 155 24 180 24 204 24 229 24 254 24 279

175 24 304 24 329 24 353 24 378 24 403 24 428 24 452 24 477 24 502 24 527
176 24 551 24 576 24 601 24 625 24 650 24 674 24 699 24 724 24 748 24 773
177 24 797 24 822 24 846 24 871 24 895 24 920 24 944 24 969 24 993 25 018
178 25 042 25 066 25 091 25 115 25 139 25 164 25 188 25 212 25 237 25 261
179 25 285 25 310 25 334 25 358 25 382 25 406 25 431 25 455 25 479 25 503

180 25 527 25 551 25 575 25 600 25 624 25 648 25 672 25 696 25 720 25 744
181 25 768 25 792 25 816 25 840 25 864 25 888 25 912 25 935 25 959 25 983
182 26 007 26 031 26 055 26 079 26 102 26 126 26 150 26 174 26 198 26 221
183 26 245 26 269 26 293 26 316 26 340 26 364 26 387 26 411 26 435 26 458
184 26 482 26 505 26 529 26 553 26 576 26 600 26 623 26 647 26 670 26 694

185 26 717 26 741 26 764 26 788 26 811 26 834 26 858 26 881 26 905 26 928
186 26 951 26 975 26 998 27 021 27 045 27 068 27 091 27 114 27 138 27 161
187 27 184 27 207 27 231 27 254 27 277 27 300 27 323 27 346 27 370 27 393
188 27 416 27 439 27 462 27 485 27 508 27 531 27 554 27 577 27 600 27 623
189 27 646 27 669 27 692 27 715 27 738 27 761 27 784 27 807 27 830 27 852

190 27 875 27 898 27 921 27 944 27 967 27 989 28 012 28 035 28 058 28 081
191 28 103 28 126 28 149 28 171 28 194 28 217 28 240 28 262 28 285 28 307
192 28 330 28 353 28 375 28 398 28 421 28 443 28 466 28 488 28 511 28 533
193 28 556 28 578 28 601 28 623 28 646 28 668 28 691 28 713 28 735 28 758
194 28 780 28 803 28 825 28 847 28 870 28 892 28 914 28 937 28 959 28 981

195 29 003 29 026 29 048 29 070 29 092 29 115 29 137 29 159 29 181 29 203
196 29 226 29 248 29 270 29 292 29 314 29 336 29 358 29 380 29 403 29 425
197 29 447 29 469 29 491 29 513 29 535 29 557 29 579 29 601 29 623 29 645
198 29 667 29 688 29 710 29 732 29 754 29 776 29 798 29 820 29 842 29 863
199 29 885 29 907 29 929 29 951 29 973 29 994 30 016 30 038 30 060 30 081

No. 0 1 2 3 4 5 6 7 8 9

150-199
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No. 0 1 2 3 4 5 6 7 8 9

200 30 103 30 125 30 146 30 168 30 190 30 211 30 233 30 255 30 276 30 298
201 30 320 30 341 30 363 30 384 30 406 30 428 30 449 30 471 30 492 30 514
202 30 535 30 557 30 578 30 600 30 621 30 643 30 664 30 685 30 707 30 728
203 30 750 30 771 30 792 30 814 30 835 30 856 30 878 30 899 30 920 30 942204 30 963 30 984 31 006 31 027 31 048 31 069 31 091 31 112 31 133 31 154

205 31 175 31 197 31 218 31 239 31 260 31 281 31 302 31 323 31 345 31 366
206 31 387 31 408 31 429 31 450 31 471 31 492 31 513 31 534 31 555 31 576
207 31 597 31 618 31 639 31 660 31 681 31 702 31 723 31 744 31 765 31 785
208 31 806 31 827 31 848 31 869 31 890 31 911 31 931 31 952 31 973 31 994
209 32 015 32 035 32 056 32 077 32 098 32 118 32 139 32 160 32 181 32 201

210 32 222 32 243 32 263 32 284 32 305 32 325 32 346 32 366 32 387 32 408
211 32 428 32 449 32 469 32 490 32 510 32 531 32 552 32 572 32 593 32 613
212 32 634 32 654 32 675 32 695 32 715 32 736 32 756 32 777 32 797 32 818213 32 838 32 858 32 879 32 899 32 919 32 940 32 960 32 980 33 001 33 021
214 33 041 33 062 33 082 33 102 33 122 33 143 33 163 33 183 33 203 33 224

215 33 244 33 264 33 284 33 304 33 325 33 345 33 365 33 385 33 405 33 425
216 33 445 33 465 33 486 33 506 33 526 33 546 33 566 33 586 33 606 33 626
217 33 646 33 666 33 686 33 706 33 726 33 746 33 766 33 786 33 806 33 826
218 33 846 33 866 33 885 33 905 33 925 33 945 33 965 33 985 34 005 34 025219 34 044 34 064 34 084 34 104 34 124 34 143 34 163 34 183 34 203 34 223
220 34 242 34 262 34 282 34 301 34 321 34 341 34 361 34 380 34 400 34 420
221 34 439 34 459 34 479 34 498 34 518 34 537 34 557 34 577 34 596 34 616222 34 635 34 655 34 674 34 694 34 713 34 733 34 753 34 772 34 792 34 811223 34 830 34 850 34 869 34 889 34 908 34 928 34 947 34 967 34 986 35 005
224 35 025 35 044 35 064 35 083 35 102 35 122 35 141 35 160 35 180 35 199

225 35 218 35 238 35 257 35 276 35 295 35 315 35 334 35 353 35 372 35 392
226 35 411 35 430 35 449 35 468 35 488 35 507 35 526 35 545 35 564 35 583227 35 603 35 622 35 641 35 660 35 679 35 698 35 717 35 736 35 755 35 774
228 35 793 35 813 35 832 35 851 35 870 35 889 35 908 35 927 35 946 35 965229 35 984 36 003 36 021 36 040 36 059 36 078 36 097 36 116 36 135 36 154

230 36 173 36 192 36 211 36 229 36 248 36 267 36 286 36 305 36 324 36 342
231 36 361 36 380 36 399 36 418 36 436 36 455 36 474 36 493 36 511 36 530
232 36 549 36 568 36 586 36 605 36 624 36 642 36 661 36 680 36 698 36 717
233 36 736 36 754 36 773 36 791 36 810 36 829 36 847 36 866 36 884 36 903234 36 922 36 940 36 959 36 977 36 996 37 014 37 033 37 051 37 070 37 088
235 37 107 37 125 37 144 37 162 37 181 37 199 37 218 37 236 37 254 37 273
236 37 291 37 310 37 328 37 346 37 365 37 383 37 401 37 420 37 438 37 457237 37 47§ 37 493 37 511 37 530 37 548 37 566 37 585 37 603 37 621 37 639
238 37 658 37 676 37 694 37 712 37 731 37 749 37 767 37 785 37 803 37 822
239 37 840 37 858 37 876 37 894 37 912 37 931 37 949 37 967 37 985 38 003
240 38 021 38 039 38 057 38 075 38 093 38 112 38 130 38 148 38 166 38 184241 38 202 38 220 38 238 38 256 38 274 38 292 38 310 38 328 38 346 38 364
242 38 382 38 399 38 417 38 435 38 453 38 471 38 489 38 507 38 525 38 543
243 38 561 38 578 38 596 38 614 38 632 38 650 38 668 38 686 38 703 38 721244 38 739 38 757 38 775 38 792 38 810 38 828 38 846 38 863 38 881 38 899

245 38 917 38 934 38 952 38 970 38 987 39 005 39 023 39 041 39 058 39 076
246 39 094 39 111 39 129 39 146 39 164 39 182 39 199 39 217 39 235 39 252
247 39 270 39 287 39 305 39 322 39 340 39 358 39 375 39 393 39 410 39 428
248 39 445 39 463 39 480 39 498 39 515 39 533 39 550 39 568 39 585 39 602
249 39 620 39 637 39 655 39 672 39 690 39 707 39 724 39 742 39 759 39 777

No. 1 2 5 6 7 8 9

200-249
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250-299

No.

250
251
252
253
254

255
256
257
258
259

260
261

262
263
264

265
266
267
268
269

270
271
272
273
274

275
276
277
278
279

280
281
282
283
284

285
286
287
288
289

290
291
292
293
294

295
296
297
298
299

39 794
39 967
40 140 
40 312 
40 483

40 654 
40 824
40 993
41 162 
41 330

41 497 
41 664 
41 830
41 996
42 160

42 32§ 
42 488 
42 651 
42 813 
42 975

39 811
39 985
40 157 
40 329 
40 500

40 671
40 841
41 010 
41 179 
41 347

41 514 
41 681
41 847
42 012 
42 177

42 341 
42 504 
42 667 
42 830 
42 991

39 829
40 002 
40 175 
40 346 
40 518

40 688
40 858
41 027 
41 196 
41 363

41 531 
41 697
41 863
42 029 
42 193

42 357 
42 521 
42 684
42 846
43 008

39 846
40 019 
40 192 
40 364 
40 535

40 705
40 875
41 044 
41 212 
41 380

41 547 
41 714
41 880
42 045 
42 210

42 374 
42 537 
42 700
42 862
43 024

39 863
40 037 
40 209 
40 381 
40 552

40 722
40 892
41 061 
41 229 
41 397

41 564 
41 731
41 896
42 062 
42 226

42 390 
42 553 
42 716
42 878
43 040

43 136 43 152 43 189 43 185 43 201
43 297 43 313 43, 329 43 345 43 361
43 457 43 473 43 489 43 505 43 521
43 616 43 632 43 648 43 664 43 680
43 775 43 791 43 807 43 823 43 838

43 933 43 949
44 091 44 107 
44 248 44 264 
44 404 44 420 
44 560 44 576

43 965
43 122
44 279 
44 436 
44 592

43 981
44 138 
44 29§ 
44 451 
44 607

43 996
44 154 
44 311 
44 467 
44 623

44 716
44 871
45 025 
45 179 
45 332

44 731
44 886
45 040 
45 194 
45 347

44 747 44 762 44 778
44 902 44 917 44 932
45 056 45 071 45 086 
45 209 45 225 45 240 
45 362 45 378 45 393

45 484 45 500 45 515 45 530 45 545
45 637 45 652 45 667 45 682 45 697
45 788 45,803 45 818 45 834 45 849
45 939 45 954 45 969 45 984 46 000
46 090 46 105 46 120 46 135 46 150

46 240 
46 389 
46 538 
46 687 
46 835

46 982
47 129 
47 276 
47 422 
47 567

46 255 
46 404 
46 553 
46 702 
46 850

46 997
47 144 
47 290 
47 436 
47 582

39 881
40 054 
40 226 
40 398 
40 569

40 739
40 909
41 078 
41 246 
41 414

41 581
41 747
41 913
42 078 
42 243

42 406 
42 570 
42 732
42 894
43 056

46 270 46 285 46 300
46 419 46 434 46 449
46 568 46 583 46 598
46 716 46 731 46 746
46 864 46 879 46 894

47 012 47 026 47 041 
47 159 47 173 47 188 
47 305 47 319 47 334 
47 451 47 465 47 480 
47 596 47 611 47 625

39 898
40 071 
40 243 
40 415 
40 586

40 756
40 926
41 09§ 
41 263 
41 430

41 597 
41 764
41 929
42 095 
42 259

42 423 
42 586 
42 749
42 911
43 072

39 915
40 088 
40 261 
40 432 
40 603

40 773
40 943
41 111 
41 280 
41 447

41 614 
41 780
41 946
42 111 
42 275

42 439 
42 602 
42 765
42 927
43 088

39 933
40 106 
40 278 
40 449 
40 620

40 790
40 960
41 128 
41 296 
41 464

41 631 
41 797
41 963
42 127 
42 292

42 455 
42 619 
42 781
42 943
43 104

39 950
40 123 
40 295 
40 466 
40 637

40 807
40 976
41 145 
41 313 
41 481

41 647 
41 814
41 979
42 144 
42 308

42 472 
42 635 
42 797
42 959
43 120

43 217 43 233 43 249 43 265 43 281
43 377 43 393 43 409 43 425 43 441
43 537 43 553 43 569 43 584 43 600
43 696 43 712 43 727 43 743 43 759
43 854 43 870 43 886 43 902 43 917

44 012 44 028 44 044 44 059 44 075 
44 170 44 185 44 201 44 217 44 232 
44 326 44 342 44 358 44 373 44 389 
44 483 44 498 44 514 44 529 44 545 
44 638 44 654 44 669 44 685 44 700

44 793 44 809 44 824 44 840 44 855
44 948 44 963 44 979 44 994 45 010
45 102 45 117 45 133 45 148 45 163 
45 255 45 271 45 286 45 301 45 317 
45 408 45 423 45 439 45 454 45 469

45 561 
45 712
45 864
46 015 
46 165

46 315 
46 464 
46 613 
46 761 
46 909

45 576 
45 728
45 879
46 030 
46 180

46 330 
46 479 
46 627 
46 776 
46 923

45 591 
45 743
45 894
46 045 
46 195

46 345 
46 494 
46 642 
46 790 
46 938

45 606 
45 758
45 909
46 060 
46 210

46 359 
46 509 
46 657 
46 805 
46 953

45 621 
45 773
45 924
46 075 
46 225

46 374 
46 523 
46 672 
46 820 
46 967

47 056 47 070 47 085 47 100 47 114
47 202 47 217 47 232 47 246 47 261
47 349 47 363 47 378 47 392 47 407
47 494 47 509 47 524 47 538 47 553
47 640 47 654 47 669 47 683 47 698

No.

250-299
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300-349

No. 0 1 2 3 4 5 6 7 8 9

300 47 712 47 727 47 741 47 756 47 770 47 784 47 799 47 813 47 828 47 842
301 47 857 47 871 47 885 47 900 47 914 47 929 47 943 47 958 47 972 47 986
302 48 001 48 015 48 029 48 044 48 058 48 073 48 087 48 101 48 116 48 130
303 48 144 48 159 48 173 48 187 48 202 48 216 48 230 48 244 48 259 48 273
304 48 287 48 302 48 316 48 330 48 344 48 359 48 373 48 387 48 401 48 416

305 48 430 48 444 48 458 48 473 48 487 48 501 48 515 48 530 48 544 48 558
306 48 572 48 586 48 601 48 615 48 629 48 643 48 657 48 671 48 686 48 700
307 48 714 48 728 48 742 48 756 48 770 48 785 48 799 48 813 48 827 48 841
308 48 855 48 869 48 883 48 897 48 911 48 926 48 940 48 954 48 968 48 982
309 48 996 49 010 49 024 49 038 49 052 49 066 49 080 49 094 49 108 49 122

310 49 136 49 150 49 164 49 178 49 192 49 206 49 220 49 234 49 248 49 262
311 49 276 49 290 49 304 49 318 49 332 49 346 49 360 49 374 49 388 49 402
312 49 415 49 429 49 443 49 457 49 471 49 485 49 499 49 513 49 527 49 541
313 49 554 49 568 49 582 49 596 49 610 49 624 49 638 49 651 49 665 49 679
314 49 693 49 707 49 721 49 734 49 748 49 762 49 776 49 790 49 803 49 817

315 49 831 49 845 49 859 49 872 49 886 49 900 49 914 49 927 49 941 49 955
316 49 969 49 982 49 996 50 010 50 024 50 037 50 051 50 065 50 079 50 092
317 50 106 50 120 50 133 50 147 50 161 50 174 50 188 50 202 50 215 50 229
318 50 243 50 256 50 270 50 284 50 297 50 311 50 325 50 338 50 352 50 365
319 50 379 50 393 50 406 50 420 50 433 50 447 50 461 50 474 50 488 50 501

320 50 515 50 529 50 542 50 556 50 569 50 583 50 596 50 610 50 623 50 637
321 50 651 50 664 50 678 50 691 50 705 50 718 50 732 50 745 50 759 50 772
322 50 786 50 799 50 813 50 826 50 840 50 853 50 866 50 880 50 893 50 907
323 50 920 50 934 50 947 50 961 50 974 50 987 51 001 51 014 51 028 51 041
324 51 055 51 068 51 081 51 095 51 108 51 121 51 135 51 148 51 162 51 175

325 51 188 51 202 51 215 51 228 51 242 51 255 51 268 51 282 51 295 51 308
326 51 322 51 335 51 348 51 362 51 375 51 388 51 402 51 415 51 428 51 441
327 51 455 51 468 51 481 51 495 51 508 51 521 51 534 51 548 51 561 51 574
328 51 587 51 601 51 614 51 627 51 640 51 654 51 667 51 680 51 693 51 706
329 51 720 51 733 51 746 51 759 51 772 51 786 51 799 51 812 51 825 51 838

330 51 851 51 865 51 878 51 891 51 904 51 917 51 930 51 943 51 957 51 970
331 51 983 51 996 52 009 52 022 52 035 52 048 52 061 52 075 52 088 52 101
332 52 114 52 127 52 140 52 153 52 166 52 179 52 192 52 205 52 218 52 231
333 52 244 52 257 52 270 52 284 52 297 52 310 52 323 52 336 52 349 52 362
334 52 37§ 52 388 52 401 52 414 52 427 52 440 52 453 52 466 52 479 52 492

335 52 504 52 517 52 530 52 543 52 556 52 569 52 582 52 595 52 608 52 621
336 52 634 52 647 52 660 52 673 52 686 52 699 52 711 52 724 52 737 52 750
337 52 763 52 776 52 789 52 802 52 815 52 827 52 840 52 853 52 866 52 879
338 52 892 52 905 52 917 52 930 52 943 52 956 52 969 52 982 52 994 53 007
339 53 020 53 033 53 046 53 058 53 071 53 084 53 097 53 110 53 122 53 135

340 53 148 53 161 53 173 53 186 53 199 53 212 53 224 53 237 53 250 53 263
341 53 275 53 288 53 301 53 314 53 326 53 339 53 352 53 364 53 377 53 390
342 53 403 53 415 53 428 53 441 53 453 53 466 53 479 53 491 53 504 53 517
343 53 529 53 542 53 555 53 567 53 580 53 593 53 605 53 618 53 631 53 643
344 53 656 53 668 53 681 53 694 53 706 53 719 53 732 53 744 53 757 53 769

345 53 782 53 794 S3 807 53 820 53 832 53 845 53 857 53 870 53 882 53 895
346 53 908 53 920 53 933 53 945 53 958 53 970 53 983 53 995 54 008 54 020
347 54 033 54 045 64 058 54 070 54 083 54 095 54 108 54 120 54 133 54 145
348 54 158 54 170 54 183 54 195 54 208 54 220 54 233 54 245 54 258 54 270
349 54 283 54 295 54 307 54 320 54 332 54 345 54 357 54 370 54 382 54 394

No. 3 4 5 6 7 8 9

300-349

A P P E N D I X  V I I 73 5

350-399

No. 0 3 4 5 6 7 8 9

350 54 407 54 419 54 432 54 444 54 456 54 469 54 481 54 494 54 506 54 518
351 54 531 54 543 54 555 54 568 54 580 54 593 54 605 54 617 54 630 54 642
352 54 654 54 667 54 679 54 691 54 704 54 716 54 728 54 741 54 753 54 765
353 54 777 54 790 54 802 54 814 54 827 54 839 54 851 54 864 54 876 54 888
354 54 900 54 913 54 925 54 937 54 949 54 962 54 974 54 986 54 998 55 Oil

355 55 023 55 035 55 047 55 060 55 072 55 084 55 096 55 108 55 121 55 133
356 55 145 55 157 55 169 55 182 55 194 55 206 55 218 55 230 55 242 55 255
357 55 267 55 279 55 291 55 303 55 315 55 328 55 340 55 352 55 364 55 376
358 55 388 55 400 55 413 55 425 55 437 55 449 55 461 55 473 55 485 55 497
359 55 509 55 522 55 534 55 546 55 558 55 570 55 582 55 594 55 606 55 618

360 55 630 55 642 55 654 55 666 55 678 55 691 55 703 55 715 55 727 55 739
361 55 751 55 763 55 775 55 787 55 799 55 811 55 823 55 835 55 847 55 859
362 55 871 55 883 55 895 55 907 55 919 55 931 55 943 55 955 55 967 55 979
363 55 991 56 003 56 015 56 027 56 038 56 050 56 062 56 074 56 086 56 098
364 56 110 56 122 56 134 56 146 56 158 56 170 56 182 56 194 56 205 56 217

365 56 229 56 241 56 253 56 265 56 277 56 289 56 301 56 312 56 324 56 336
366 56 348 56 360 56 372 56 384 56 396 56 407 56 419 56 431 56 443 56 455
367 56 467 56 478 56 490 56 502 56 514 56 526 56 538 56 549 56 561 56 573
368 56 585 56 597 56 608 56 620 56 632 56 644 56 656 56 667 56 679 56 691
369 56 703 56 714 56 726 56 738 56 750 56 761 56 773 56 785 56 797 56 808

370 56 820 56 832 56 844 56 855 56 867 56 879 56 891 56 902 56 914 56 926
371 56 937 56 949 56 961 56 972 56 984 56 996 57 008 57 019 57 031 57 043
372 57 054 57 066 57 078 57 089 57 101 57 113 57 124 57 136 57 148 57 159
373 57 171 57 183 57 194 57 206 57 217 57 229 57 241 57 252 57 264 57 276
374 57 287 57 299 57 310 57 322 57 334 57 345 57 357 57 368 57 380 57 392

375 57 403 57 415 57 426 57 438 57 449 57 461 57 473 57 484 57 496 57 507
376 57 519 57 530 57 542 57 553 57 565 57 576 57 588 57 600 57 611 57 623
377 57 634 57 646 57 657 57 669 57 680 57 692 57 703 57 715 57 726 57 738
378 57 749 57 761 57 772 57 784 57 795 57 807 57 818 57 830 57 841 57 852
379 57 864 57 875 57 887 57 898 57 910 57 921 57 933 57 944 57 955 57 967

380 57 978 57 990 58 001 58 013 58 024 58 035 58 047 58 058 58 070 58 081
381 58 092 58 104 58 115 58 127 58 138 58 149 58 161 58 172 58 184 58 195
382 58 206 58 218 58 229 58 240 58 252 58 263 58 274 58 286 58 297 58 309
383 58 320 58 331 58 343 58 354 58 365 58 377 58 388 58 399 58 410 58 422
384 58 433 58 444 58 456 58 467 58 478 58 490 58 501 58 512 58 524 58 535

385 58 546 58 557 58 569 58 580 58 591 58 602 58 614 58 625 58 636 58 647
386 58 659 58 670 58 681 58 692 58 704 58 715 58 726 58 737 58 749 58 760
387 58 771 58 782 58 794 58 805 58 816 58 827 58 838 58 850 58 861 58 872
388 58 883 58 894 58 906 58 917 58 928 58 939 58 950 58 961 58 973 58 984
389 58 995 59 006 59 017 59 028 59 040 59 051 59 062 59 073 59 084 59 095

390 59 106 59 118 59 129 59 140 59 151 59 162 59 173 59 184 59 195 59 207
391 59 218 59 229 59 240 59 251 59 262 59 273 59 284 59 295 59 306 59 318
392 59 329 59 340 59 351 59 362 59 373 59 384 59 395 59 406 59 417 59 428
393 59 439 59 450 59 461 59 472 59 483 59 494 59 506 59 517 59 528 59 539
394 59 550 59 561 59 572 59 583 59 594 59 605 59 616 59 627 59 638 59 649

395 59 660 59 671 59 682 59 693 59 704 59 715 59 726 59 737 59 748 59 759
396 59 770 59 780 59 791 59 802 59 813 59 824 59 835 59 846 59 857 59 868
397 59 879 59 890 59 901 59 912 59 923 59 934 59 945 59 956 59 966 5< 977
398 59 988 59 999 60 010 60 021 60 032 60 043 60 054 60 065 60 076 60 086
399 60 097 60 108 60 119 60 130 60 141 60 152 60 163 m 173 6G 184 60 195

No. 0 1 2 3 4 5 6 7 8 9

350-399
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400-449

B U S I N E S S  S T A T I S T I C S

No. 0 1 2 3 4 5 6 7 8 9

400 60 206 60 217 60 228 60 239 60 249 60 260 60 271 60 282 60 293 60 304
401 60 314 60 325 60 336 60 347 60 358 60 369 60 379 60 390 60 401 60 412
402 60 423 60 433 60 444 60 455 60 466 60 477 60 487 60 498 60 509 60 520
403 60 531 60 541 60 552 60 £63 60 574 60 584 60 595 60 606 60 617 60 627
404 60 638 60 649 60 660 60 670 60 681 60 692 60 703 60 713 60 724 60 735

405 60 746 60 756 60 767 60 778 60 788 60 799 60 810 60 821 60 831 60 842
406 60 853 60 863 60 874 60 885 60 895 60 906 60 917 60 927 60 938 60 949
407 60 959 60 970 60 981 60 991 61 002 61 013 61 023 61 034 61 045 61 055
408 61 066 61 077 61 087 61 098 61 109 61 119 61 130 61 140 61 151 61 162
409 61 172 61 183 61 194 61 204 61 215 61 225 61 236 61 247 61 257 61 268

410 61 278 61 289 61 300 61 310 61 321 61 331 61 342 61 352 61 363 61 374
411 61 384 61 395 61 405 61 416 61 426 61 437 61 448 61 458 61 469 61 479
412 61 490 61 500 61 511 61 521 61 532 61 542 61 553 61 563 61 574 61 584
413 61 595 61 606 61 616 61 627 61 637 61 648 61 658 61 669 61 679 61 690
414 61 700 61 711 61 721 61 731 61 742 61 752 61 763 61 773 61 784 61 794

415 61 805 61 815 61 826 61 836 61 847 61 857 61 868 61 878 61 888 61 899
416 61 909 61 920 61 930 61 941 61 951 61 962 61 972 61 982 61 993 62 003
417 62 014 62 024 62 034 62 045 62 055 62 066 62 076 62 086 62 097 62 107
418 62 118 62 128 62 138 62 149 62 159 62 170 62 180 62 190 62 201 02 211
419 62 221 62 232 62 242 62 252 62 263 62 273 62 284 62 294 62 304 62 315

420 62 325 62 335 62 346 62 356 62 366 62 377 62 387 62 397 62 408 62 418
421 62 428 62 439 62 449 62 459 62 469 62 480 62 490 62 500 62 511 62 521
422 62 531 62 542 62 552 62 562 62 572 62 583 62 593 62 603 02 613 62 624
423 62 634 62 644 62 655 62 665 62 675 62 685 62 696 62 706 62 716 62 726
424 62 737 62 747 62 757 62 767 62 778 62 788 62 798 62 808 62 818 62 829

425 62 839 62 849 62 859 62 870 62 880 62 890 62 900 62 910 62 921 62 931
426 62 941 62 951 62 961 62 972 62 982 62 992 63 002 63 012 63 022 63 033
427 63 043 63 053 63 063 63 073 63 083 63 094 63 104 63 114 63 124 63 134
428 63 144 63 155 63 165 63 175 63 185 63 195 63 205 63 215 63 225 63 236
429 63 246 63 256 63 266 63 276 63 286 63 296 63 306 63 317 63 327 63 337

430 63 347 63 357 63 367 63 377 63 387 63 397 63 407 63 417 63 428 63 438
431 63 448 63 458 63 468 63 478 63 488 63 498 63 508 63 518 63 528 63 538
432 63 548 63 558 63 568 63 579 63 589 63 599 63 609 63 619 63 629 63 639
433 63 649 63 659 63 669 63 679 63 689 63 699 63 709 63 719 63 729 63 739
434 63 749 63 759 63 769 63 779 63 789 63 799 63 809 63 819 63 829 63 839

435 63 849 63 859 63 869 63 879 63 889 63 899 63 909 63 919 63 929 63 939
436 63 949 63 959 63 969 63 979 63 988 63 998 64 008 64 018 64 028 64 038
437 64 048 64 058 64 068 64 078 64 088 64 098 64 108 64 118 64 128 64 137
438 64 147 64 157 64 167 64 177 64 187 64 197 64 207 64 217 64 227 64 237
439 64 246 64 256 64 266 64 276 64 286 64 296 64 306 64 316 64 326 64 335

440 64 345 64 355 64 365 64 375 64 385 64 395 64 404 64 414 64 424 64 434
441 64 444 64 454 64 464 64 473 64 483 64 493 64 503 64 513 64 523 64 532
442 64 542 64 552 64 562 64 572 64 582 64 591 64 601 64 611 64 621 64 631
443 64 640 64 650 64 660 64 670 64 680 64 689 64 699 64 709 64 719 64 729
444 64 738 64 748 64 758 64 768 64 777- 64 787 64 797 64 807 64 816 64 826

445 64 836 64 846 64 856 64 865 64 875 64 885 64 895 64 904 64 914 64 924
446 64 933 64 943 64 953 64 963 64 972 64 982 64 992 65 002 65 Oil 65 021
447 65 031 65 040 65 050 65 060 65 070 65 079 65 089 65 099 65 108 65 118
448 65 128 65 137 65 147 65 157 65 167 65 176 65 186 65 196 65 205 65 215
449 65 225 65 234 65 244 65 254 65 263 65 273 65 283 65 292 65 302 65 312

No. 0 1 2 3 4 5 6 7 8 9

400-449

A P P E N D I X  V I I 737

450-499

No. 0 1 2 3 4 5 6 7 8 9

450 65 321 65 331 65 341 65 350 65 360 65 369 65 379 65 389 65 398 65 408
451 65 418 65 427 65 437 65 447 65 456 65 466 65 475 65 485 65 495 65 504
452 65 514 65 523 65 533 65 543 65 552 65 562 65 571 65 581 65 591 65 600
453 65 610 65 619 65 629 65 639 65 648 65 658 65 367 65 677 65 386 65 696
454 65 706 65 715 65 725 65 734 65 744 65 753 65 763 65 772 65 782 65 792

455 65 801 65 811 65 820 65 830 65 839 65 849 65 858 65 868 65 377 65 887
456 65 896 65 906 65 916 65 925 65 935 65 944 65 354 65 363 65 973 65 982
457 65 992 66 001 66 Oil 66 020 66 030 66 039 66 049 66 058 66 068 66 077
458 66 087 66 096 66 106 66 115 66 124 66 134 66 143 66 153 66 162 66 172
459 66 181 66 191 66 200 66 210 66 219 66 229 66 238 66 247 66 257 66 266

460 66 276 66 285 66 295 66 304 66 314 66 323 66 332 66 342 66 351 66 361
461 66 370 66 380 66 389 66 398 66 408 66 417 66 427 66 436 66 445 66 455
462 66 464 66 474 66 483 66 492 66 502 66 511 66 521 66 530 66 539 66 549
463 66 558 66 567 66 577 66 586 66 596 66 605 66 614 66 624 66 633 66 642
464 66 652 66 661 66 671 66 680 66 689 66 699 66 708 66 717 66 727 66 736

465 66 745 66 755 66 764 66 773 66 783 66 792 66 801 66 811 66 820 66 829
466 66 839 66 848 66 857 66 867 66 876 66 885 66 894 66 904 66 913 66 922
467 66 932 66 941 66 950 66 960 66 969 66 978 66 987 66 997 67 006 67 015
468 67 025 67 034 67 043 67 052 67 062 67 071 67 080 67 089 67 099 67 108
469 67 117 67 127 67 136 67 145 67 154 67 164 67 173 67 182 67 191 67 201

470 67 210 67 219 67 228 67 237 67 247 67 256 67 265 67 274 67 284 67 293
471 67 302 07 311 67 321 67 330 67 339 67 348 67 357 67 367 67 376 67 385
472 67 394 07 403 67 413 67 422 67 431 67 440 67 449 67 459 67 468 67 477
473 67 486 07 495 67 504 67 514 67 523 67 532 67 541 67 550 67 560 67 569
474 67 578 67 587 67 596 67 605 67 614 67 624 67 633 67 642 67 651 67 660

475 67 669 67 679 67 688 67 697 67 706 67 715 67 724 67 733 67 742 67 752
476 67 761 67 770 67 779 67 788 67 797 67 806 67 815 67 825 67 834 67 843
477 67 852 67 861 67 870 67 879 67 888 67 897 67 906 67 916 67 925 67 934
478 67 943 67 952 67 961 67 970 67 979 67 988 67 997 68 006 68 015 68 024
479 68 034 68 043 68 052 68 061 68 070 68 079 68 088 68 097 68 106 68 115

480 68 124 68 133 68 142 68 151 68 160 68 169 68 178 68 187 68 196 68 205
481 68 215 68 224 68 233 68 242 68 251 68 260 68 269 68 278 68 287 68 296
482 68 305 68 314 68 323 68 332 68 341 68 350 68 359 68 368 68 377 68 386
483 68 395 68 404 68 413 68 422 68 431 68 440 68 449 68 458 68 467 68 476
484 68 485 68 494 68 502 68 511 68 520 68 529 68 538 68 547 68 556 68 565

485 68 574 68 583 68 592 68 601 68 610 68 619 68 628 68 637 68 646 68 655
486 68 664 68 673 68 681 68 690 68 699 68 708 68 717 68 726 68 735 68 744
487 68 753 68 762 68 771 68 780 68 789 68 797 68 806 68 815 68 824 68 833
488 68 842 68 851 68 860 68 869 68 878 68 886 68 895 68 904 68 913 68 922
489 68 931 68 940 68 949 68 958 68 966 68 975 68 984 68 993 69 002 69 Oil

490 69 020 (»9 028 69 037 69 046 69 055 69 064 69 073 69 082 69 090 69 099
491 69 108 69 117 69 126 69 135 69 144 69 152 69 161 69 170 69 179 69 188
492 69 197 69 205 69 214 69 223 69 232 69 241 69 249 69 258 69 267 69 276
493 69 285 69 294 69 302 69 311 69 320 69 329 69 338 69 346 69 355 69 364
494 69 373 69 381 69 390 69 399 69 408 69 417 69 425 69 434 69 443 69 452

495 69 461 69 469 69 478 69 487 69 496 69 504 69 513 69 •522 69 531 69 539
496 69 548 69 557 69 566 69 574 69 583 69 592 69 601 69 609 69 618 69 627
497 69 636 69 644 69 653 69 662 69 671 69 679 69 688 69 697 69 705 69 714
498 69 723 66 732 69 740 69 749 69 758 69 767 69 775 69 784 69 793 69 801
499 69 810 69 819 69 827 69 836 69 845 69 854 69 862 69 871 69 880 69 888

No. 0 1 2 3 4 5 6 7 8 9

450-199



738

500-549

B U S I N E S S  S T A T I S T I C S

No. 0 1 2 3 4 5 6 7 8 9

500 69 897 69 906 69 914 69 923 69 932 69 940 69 949 69 958 69 966 69 975
501 69 984 69 992 70 001 70 010 70 018 70 027 70 036 70 044 70 053 70 062
502 70 070 70 079 70 088 70 096 70 105 70 114 70 122 70 131 70 140 70 148
503 70 157 70 165 70 174 70 183 70 191 70 200 70 209 70 217 70 226 70 234
504 70 243 70 252 70 260 70 269 70 278 70 286 70 295 70 303 70 312 70 321

505 70 329 70 338 70 346 70 355 70 364 70 372 70 381 70 389 70 398 70 406
506 70 415 70 424 70 432 70 441 70 449 70 458 70 467 70 475 70 484 70 492
507 70 501 70 509 70 518 70 526 70 535 70 544 70 552 70 561 70 569 70 578
508 70 586 70 595 70 603 70 612 70 621 70 629 70 638 70 646 70 655 70 663
509 70 672 70 680 70 689 70 697 70 706 70 714 70 723 70 731 70 740 70 749

510 70 757 70 766 70 774 70 783 70 791 70 800 70 808 70 817 70 825 70 834
511 70 842 70 851 70 859 70 868 70 876 70 885 70 893 70 902 70 910 70 919
512 70 927 70 935 70 944 70 952 70 961 70 969 70 978 70 986 70 995 71 003
513 71 012 71 020 71 029 71 037 71 046 71 054 71 063 71 071 71 079 71 088
514 71 096 71 105 71 113 71 122 71 130 71 139 71 147 71 155 71 164 71 172

515 71 181 71 189 71 198 71 206 71 214 71 223 71 231 71 240 71 248 71 257
516 71 265 71 273 71 282 71 290 71 299 71 307 71 315 71 324 71 332 71 341
517 71 349 71 357 71 366 71 374 71 383 71 391 71 399 71 408 71 416 71 425
518 71 433 71 441 71 450 71 458 71 466 71 475 71 483 71 492 71 500 71 508
519 71 517 71 525 71 533 71 542 71 550 71 559 71 567 71 575 71 584 71 592

520 71 600 71 609 71 617 71 625 71 634 71 642 71 650 71 659 71 667 71 675
521 71 684 71 692 71 700 71 709 71 717 71 725 71 734 71 742 71 750 71 759
522 71 767 71 775 71 784 71 792 71 800 71 809 71 817 71 825 71 834 71 842
523 71 850 71 858 71 867 71 875 71 883 71 892 71 900 71 908 71 917 71 925
524 71 933 71 941 71 950 71 958 71 966 71 975 71 983 71 991 71 999 72 008

525 72 016 72 024 72 032 72 041 72 049 72 057 72 066 72 074 72 082 72 090
526 72 099 72 107 72 115 72 123 72 132 72 140 72 148 72 156 72 165 72 173
527 72 181 72 189 72 198 72 206 72 214 72 222 72 230 72 239 72 247 72 255
528 72 263 72 272 72 280 72 288 72 296 72 304 72 313 72 321 72 329 72 337
529 72 346 72 354 72 362 72 370 72 378 72 387 72 395 72 403 72 411 72 419

530 72 428 72 436 72 444 72 452 72 460 72 469 72 477 72 485 72 493 72 501
531 72 509 72 518 72 526 72 534 72 542 72 550 72 558 72 567 72 575 72 583
532 72 591 72 599 72 607 72 616 72 624 72 632 72 640 72 648 72 656 72 665
533 72 673 72 681 72 689 72 697 72 705 72 713 72 722 72 730 72 738 72 746
534 72 754 72 762 72 770 72 779 72 787 72 795 72 803 72 811 72 819 72 827

535 72 835 72 843 72 852 72 860 72 868 72 876 72 884 72 892 72 900 72 908
536 72 916 72 925 72 933 72 941 72 949 72 957 72 965 72 973 72 981 72 989
537 72 997 73 006 73 014 73 022 73 030 73 038 73 046 73 054 73 062 73 070
538 73 078 73 086 73 094 73 102 73 111 73 119 73 127 73 135 73 143 73 151
539 73 159 73 167 73 175 73 183 73 191 73 199 73 207 73 215 73 223 73 231

540 73 239 73 247 73 255 73 263 73 272 73 280 73 288 73 296 73 304 73 312
541 73 320 73 328 73 336 73 344 73 352 73 360 73 368 73 376 73 384 73 392
542 73 400 73 408 73 416 73 424 73 432 73 440 73 448 73 456 73 464 73 472
543 73 480 73 488 73 496 73 504 73 512 73 520 73 528 73 536 73 544 73 552
544 73 560 73 568 73 576 73 584 73 592 73 600 73 608 73 616 73 624 73 632

545 73 640 73 648 73 656 73 664 73 672 73 679 73 687 73 695 73 703 73 711
546 73 719 73 727 73 735 73 743 73 751 73 759 73 767 73 775 73 783 73 791
547 73 799 73 807 73 815 73 823 73 830 73 838 73 846 73 854 73 862 73 870
548 73 878 73 886 73 894 73 902 73 910 73 918 73 926 73 933 73 941 73 949
549 73 957 73 965 73 973 73 981 73 989 73 997 74 005 74 013 74 020 74 028

No. 0 1 2 3 4 5 6 7 8 9

500-549

560-599

A P P E N D I X  V I I  739

550 74 036 74 044 74 052
551 74 115 74 123 74 131
552 74 194 74 202 74 210
553 74 273 74 280 74 288
554 74 351 74 359 74 367

555 74 429 74 437 74 445
556 74 507 74 515 74 523
557 74 586 74 593 74 601
558 74 663 74 671 74 679
559 74 741 74 749 74 757

560 74 819 74 827 74 834
561 74 896 74 904 74 912
562 74 974 74 981 74 989
563 75 051 75 059 75 066
564 75 128 75 136 75 143

565 75 205 75 213 75 220
566 75 282 75 289 75 297
567 75 358 75 366 75 374
568 75 435 75 442 75 450
569 75 511 75 519 75 526

74 060 
74 139 
74 218 
74 296 
74 374

74 453 
74 531 
74 609 
74 687 
74 764

74 842 
74 920
74 997
75 074 
75 151

75 228 
75 305 
75 381 
75 458 
75 534

74 068 
74 147 
74 225 
74 304 
74 382

74 461 
74 539 
74 617 
74 695 
74 772

74 850
74 927
75 005 
75 082 
75 159

75 236 
75 312 
75 389 
75 465 
75 542

75 587 75 595 75 603 75 610 75 618
75 664 75 671 75 679 75 686 75 694
75 740 75 747 75 755 75 762 75 770
75 815 75 823 75 831 75 838 75 846
75 891 75 899 75 906 75 914 75 921

75 967 75 974 75 982 75 989 75 997
76 042 76 050 76 057 76 065 76 072 
76 118 76 125 76 133 76 140 76 148 
76 193 76 200 76 208 76 215 76 223 
76 268 76 275 76 283 76 290 76 298

76 343 
76 418 
76 492 
76 567 
76 641

76 716 
76 790 
76 864
76 938
77 012

77 085 
77 159 
77 232 
77 305 
77 379

77 452 
77 525 
77 597 
77 670 
77 743

76 350 
76 425 
76 500 
76 574 
76 649

76 723 
76 797 
76 871
76 945
77 019

77 093 
77 166 
77 240 
77 313
77 386

77 459 
77 532 
77 605 
77 677 
77 750

76 358 
76 433 
76 507 
76 582 
76 656

76 730 
76 805 
76 879
76 953
77 026

77 100 
77 173 
77 247 
77 320 
77 393

77 466 
77 539 
77 612 
77 685 
77 757

76 365 
76 440 
76 515 
76 589 
76 664

76 738 
76 812 
76 886
76 960
77 034

77 107 
77 181 
77 254 
77 327 
77 401

77 474 
77 546 
77 619 
77 692 
77 764

74 076 74 084 74 092 74 099 74 107
74 155 74 162 74 170 74 178 74 186
74 233 74 241 74 249 74 257 74 265
74 312 74 320 74 327 74 335 74 343
74 390 74 398 74 406 74 414 74 421

74 468 74 476 74 484 74 492 74 500
74 547 74 554 74 562 74 570 74 578
74 624 74 632 74 640 74 648 74 656
74 702 74 710 74 718 74 726 74 733
74 780 74 788 74 796 74 803 74 811

74 858
74 935
75 012 
75 089 
75 166

75 243 75 251 75 259 75 266
75 320 75 328 75 335 75 343
75 397 75 404 75 412 75 420
75 473 75 481 75 488 75 496
75 549 75 557 75 565 75 572

75 626 75 633 75 641 75 648 75 656
75 702 75 709 75 717 75 724 75 732
75 778 75 785 75 793 75 800 75 808
75 853 75 861 75 868 75 876 75 884
75 929 75 937 75 944 75 952 75 959

76 005 76 012 76 020 76 027 76 035 
76 080 76 087 76 095 76 103 76 110 
76 155 76 163 76 170 76 178 76 185 
76 230 76 238 76 245 76 253 76 260 
76 305 76 313 76 320 76 328 76 335

76 373 
76 448 
76 522 
76 597 
76 671

76 745 
76 819 
76 893
76 967
77 041

77 115 
77 188 
77 262 
77 335 
77 408

77 481 
77 554 
77 627 
77 699 
77 772

74 865 74 873 74 881 74 889
74 943 74 950 74 958 74 966
75 020 75 028 75 035 75 043 
75 097 75 105 75 113 75 120 
75 174 75 182 75 189 75 197

75 274 
75 351 
75 427 
75 504 
75 580

76 380 
76 455 
76 530 
76 604 
76 678

76 753 
76 827 
76 901
76 975
77 048

77 122 
77 195 
77 269 
77 342 
77 415

77 488 
77 561 
77 634 
77 706 
77 779

76 388 
76 462 
76 537 
76 612 
76 686

76 760 
76 834 
76 908
76 982
77 056

77 129 
77 203 
77 276 
77 349 
77 422

77 495 
77 568 
77 641 
77 714 
77 786

76 395 
76 470 
76 545 
76 619 
76 693

76 768 
76 842 
76 916
76 989
77 063

77 137 
77 210 
77 283 
77 357 
77 430

77 503 
77 576 
77 648 
77 721 
77 793

76 403 
76 477 
76 552 
76 626 
76 701

76 775 
76 849 
76 923
76 997
77 070

77 144 
77 217 
77 291 
77 364 
77 437

77 510 
77 583 
77 656 
77 728 
77 801

76 410
76 485 
76 559 
76 634 
76 708

76 782 
76 856
76 930
77 004 
77 078

77 151 
77 225 
77 298 
77 371 
77 444

77 517 
77 590 
77 663 
77 735 
77 808

550-599



740 B U S I N E S S  S T A T I S T I C S

600-649

No. 0 1 2 3 4 5 6 7 8 9

600 77 815 77 822 77 830 77 837 77 844 77 851 77 859 77 866 77 873 77 880
601 77 887 77 895 77 902 77 909 77 916 77 924 77 931 77 938 77 945 77 952
602 77 960 77 967 77 974 77 981 77 988 77 996 78 003 78 010 78 017 78 025
603 78 032 78 039 78 046 78 053 78 061 78 068 78 075 78 082 78 089 78 097
604 78 104 78 111 78 118 78 125 78 132 78 140 78 147 78 154 78 161 78 168

605 78 176 78 183 78 190 78 197 78 204 78 211 78 219 78 226 78 233 78 240
606 78 247 78 254 78 262 78 269 78 276 78 283 78 290 78 297 78 305 78 312
607 78 319 78 326 78 333 78 340 78 347 78 355 78 362 78 369 78 376 78 383
608 78 390 78 398 78 405 78 412 78 419 78 426 78 433 78 440 78 447 78 455
609 78 462 78 469 78 476 78 483 78 490 78 497 78 504 78 512 78 519 78 526

610 78 533 78 540 78 547 78 554 78 561 78 569 78 576 78 583 78 590 78 597
611 78 604 78 611 78 618 78 625 78 633 78 640 78 647 78 654 78 661 78 668
612 78 675 78 682 78 689 78 696 78 704 78 711 78 718 78 725 78 732 78 739
613 78 746 78 753 78 760 78 767 78 774 78 781 78 789 78 796 78 803 78 810
614 78 817 78 824 78 831 78 838 78 845 78 852 78 859 78 866 78 873 78 880

615 78 888 78 895 78 902 78 909 78 916 78 923 78 930 78 937 78 944 78 951
616 78 958 78 965 78 972 78 979 78 986 78 993 79 000 79 007 79 014 79 021
617 79 029 79 036 79 043 79 050 79 057 79 064 79 071 79 078 79 085 79 092
618 79 099 79 106 79 113 79 120 79 127 79 134 79 141 79 148 79 155 79 162
619 79 169 79 176 79 183 79 190 79 197 79 204 79 211 79 218 79 225 79 232

620 79 239 79 246 79 253 79 260 79 267 79 274 79 281 79 288 79 295 79 302
621 79 309 79 316 79 323 79 330 79 337 79 344 79 351 78 358 79 365 79 372
622 79 379 79 386 79 393 79 400 79 407 79 414 79 421 79 428 79 435 79 442
623 79 449 79 456 79 463 79 470 79 477 79 484 79 491 79 498 79 505 79 511
624 79 518 79 525 79 532 79 539 79 546 79 553 79 560 79 567 79 574 79 581

625 79 588 79 595 79 602 79 609 79 616 79 623 79 630 79 637 79 644 79 650
626 79 657 79 664 79 671 79 678 79 685 79 692 79 699 79 706 79 713 79 720
627 79 727 79 734 79 741 79 748 79 754 79 761 79 768 79 775 79 782 79 789
628 79 796 79 803 79 810 79 817 79 824 79 831 79 837 79 844 79 851 79 858
629 79 865 79 872 79 879 79 886 79 893 79 900 79 906 79 913 79 920 79 927

630 79 934 79 941 79 948 79 955 79 962 79 969 79 975 79 982 79 989 79 996
631 80 003 80 010 80 017 80 024 80 030 80 037 80 044 80 051 80 058 80 065
632 80 072 80 079 80 085 80 092 80 099 80 106 80 113 80 120 80 127 80 134
633 80 140 80 147 80 154 80 161 80 168 80 175 80 182 80 188 80 195 80 202
634 80 209 80 216 80 223 80 229 80 236 80 243 80 250 80 257 80 264 80 271

635 80 277 80 284 80 291 80 298 80 305 80 312 80 318 80 325 80 332 80 339
636 80 346 80 353 80 359 80 366 80 373 80 380 80 387 80 393 80 400 80 407
637 80 414 80 421 80 428 80 434 80 441 80 448 80 455 80 462 80 468 80 475
638 80 482 80 489 80 496 80 502 80 509 80 516 80 523 80 530 80 536 80 543
639 80 550 80 557 80 564 80 570 80 577 80 584 80 591 80 598 80 604 80 611

640 80 618 80 625 80 632 80 638 80 645 80 652 80 659 80 665 80 672 80 679
641 80 686 80 693 80 699 80 706 80 713 80 720 80 726 80 733 80 740 80 747
642 80 754 80 760 80 767 80 774 <so 781 80 787 80 794 80 801 80 808 80 814
643 80 821 80 828 80 835 80 841 80 848 80 855 80 862 80 868 80 875 80 882
644 80 889 80 895 80 902 80 909 80 916 80 922 80 929 80 936 80 943 80 949

645 80 956 80 963 80 969 80 976 80 983 80 990 80 996 81 003 81 010 81 017
646 81 023 81 030 81 037 81 043 81 050 81 057 81 064 81 070 81 077 81 084
647 81 090 81 097 81 104 81 111 81 117 81 124 81 131 81 137 81 144 81 151
648 81 158 81 164 81 171 81 178 81 184 81 191 81 198 81 204 81 211 81 218
649 81 224 81 231 81 238 81 245 81 251 81 258 81 265 81 271 81 278 81 285

No. 0 2 3 4 6 7 8 9

600-649

A P P E N D I X  V I I 741

650-699

No. 0 2 3 4 5 6 8

650 81 291 81 298 81 305 81 311 81 318 81 325 81 331 81 338 81 345 81 351
651 81 358 81 365 81 371 81 378 81 385 81 391 81 398 81 405 81 411 81 418
652 81 425 81 431 81 438 81 445 81 451 81 458 81 465 81 471 81 478 81 485
653 81 491 81 498 81 505 81 511 81 518 81 525 81 531 81 538 81 544 81 551
654 81 558 81 564 81 571 81 578 81 584 81 591 81 598 81 604 81 611 81 617

655 81 624 81 631 81 637 81 644 81 651 81 657 81 664 81 671 81 677 81 684
656 81 690 81 697 81 704 81 710 81 717 81 723 81 730 81 737 81 743 81 750
657 81 757 81 763 81 770 81 776 81 783 81 790 81 796 81 803 81 809 81 816
658 81 823 81 829 81 836 81 842 81 849 81 856 81 862 81 869 81 875 81 882
659 81 889 81 895 81 902 81 908 81 915 81 921 81 928 81 935 81 941 81 948

660 81 954 81 961 81 968 81 974 81 981 81 987 81 994 82 000 82 007 82 014
661 82 020 82 027 82 033 82 040 82 046 82 053 82 060 82 066 82 073 82 079
662 82 086 82 092 82 099 82 105 82 112 82 119 82 125 82 132 82 138 82 145
663 82 151 82 158 82 164 82 171 82 178 82 184 82 191 82 197 82 204 82 210
664 82 217 82 223 82 230 82 236 82 243 82 249 82 256 82 263 82 269 82 276

665 82 282 82 289 82 295 82 302 82 308 82 315 82 321 82 328 82 334 82 341
666 82 347 82 354 82 360 82 367 82 373 82 380 82 387 82 393 82 400 82 406
667 82 413 82 419 82 426 82 432 82 439 82 445 82 452 82 458 82 465 82 471
668 82 478 82 484 82 491 82 497 82 504 82 510 82 517 82 523 82 530 82 536
669 82 543 82 549 82 556 82 562 82 569 82 575 82 582 82 588 82 595 82 601

670 82 607 82 614 82 620 82 627 82 633 82 640 82 646 82 653 82 659 82 666
671 82 672 82 679 82 685 82 692 82 698 82 705 82 711 82 718 82 724 82 730
672 82 737 82 743 82 750 82 756 82 763 82 769 82 776 82 782 82 789 82 795
673 82 802 82 808 82 814 82 821 82 827 82 834 82 840 82 847 82 853 82 860
674 82 866 82 872 82 879 82 885 82 892 82 898 82 905 82 911 82 918 82 924

675 82 930 82 937 82 943 82 950 82 956 82 963 82 969 82 975 82 982 82 988
676 82 995 83 001 83 008 83 014 83 020 83 027 83 033 83 040 83 046 83 052
677 83 059 83 065 83 072 83 078 83 085 83 091 83 097 83 104 83 110 83 117
678 83 123 83 129 83 136 83 142 83 149 83 155 83 161 83 168 83 174 83 181
679 83 187 83 193 83 200 83 206 83 213 83 219 83 225 83 232 83 238 83 245

680 83 251 83 257 83 264 83 270 83 276 83 283 83 289 83 296 83 302 83 308
681 83 315 83 321 83 327 83 334 83 340 83 347 83 353 83 359 83 366 83 372
682 83 378 83 385 83 391 83 398 83 404 83 410 83 417 83 423 83 429 83 436
683 83 442 83 448 83 455 83 461 83 467 83 474 83 480 83 487 83 493 83 499
684 83 506 83 512 83 518 83 525 83 531 83 537 83 544 83 550 83 556 83 563

685 83 569 83 575 83 582 83 588 83 594 83 601 83 607 83 613 83 620 83 626
686 83 632 83 639 83 645 83 651 83 658 83 664 83 670 83 677 83 683 83 689
687 83 696 83 702 83 708 83 715 83 721 83 727 83 734 83 740 83 746 83 753
688 83 759 83 765 83 771 83 778 83 784 83 790 83 797 83 803 83 809 83 816
689 83 822 83 828 83 835 83 841 83 847 83 853 83 860 83 866 83 872 83 879

690 83 885 83 891 83 897 83 904 83 910 83 916 83 923 83 929 83 935 83 942
691 83 948 83 954 83 960 83 967 83 973 83 979 83 985 83 992 83 998 84 004
692 84 Oil 84 017 84 023 84 029 84 036 84 042 84 048 84 055 84 061 84 067
693 84 073 84 080 84 086 84 092 84 098 84 105 84 111 84 117 84 123 84 130
694 84 136 84 142 84 148 84 155 84 161 84 167 84 173 84 180 84 186 84 192

695 84 198 84 205 84 211 84 217 84 223 84 230 84 236 84 242 84 248 84 255
696 84 261 84 267 84 273 84 280 84 286 84 292 84 298 84 305 84 311 84 317
697 84 323 84 330 84 336 84 342 84 348 84 354 84 361 84 367 84 373 84 379
698 84 386 84 392 84 398 84 404 84 410 84 417 84 423 84 429 84 435 84 442
699 84 448 84 454 84 460 84 466 84 473 84 479 84 485 84 491 84 497 84 504

No. 0 1 2 3 4 5 6 7 8 9

650-699



742

700-749

B U S I N E S S  S T A T I S T I C S

No. 0 1 2 3 4 5 6 7 8 9

700 84 510 84 516 84 522 84 528 84 535 84 541 84 547 84 553 84 559 00 566
701 84 572 84 578 84 584 84 590 84 597 84 603 84 609 84 615 84 621 84 628
702 84 634 84 640 84 646 84 652 84 658 84 665 84 671 84 677 84 683 84 689
703 84 696 84 702 84 708 84 714 84 720 84 726 84 733 84 739 84 745 84 751
704 84 757 84 763 84 770 84 776 84 782 84 788 84 794 84 800 84 807 84 813

705 84 819 84 825 84 831 84 837 84 844 84 850 84 856 84 862 84 868 84 874
706 84 880 84 887 84 893 84 899 84 905 84 911 84 917 84 924 84 930 84 936
707 84 942 84 948 84 954 84 960 84 967 84 973 84 979 84 985 84 991 84 997
708 85 003 85 009 85 016 85 022 85 028 85 034 85 040 85 046 85 052 85 058
709 85 065 85 071 85 077 85 083 85 089 85 095 85 101 85 107 85 114 85 120

710 85 126 85 132 85 138 85 144 85 150 85 156 85 163 85 169 85 175 85 181
711 85 187 85 193 85 199 85 205 85 211 85 217 85 224 85 230 85 236 85 242
712 85 248 85 254 85 260 85 266 85 272 85 278 85 285 85 291 85 297 85 303
713 85 309 85 315 85 321 85 327 85 333 85 339 85 345 85 352 85 358 85 364
714 85 370 85 376 85 382 85 388 85 394 85 400 85 406 85 412 85 418 85 425

715 85 431 85 437 85 443 85 449 85 455 85 461 85 467 85 473 85 479 85 485
716 85 491 85 497 85 503 85 509 85 516 85 522 85 528 85 534 85 540 85 546
717 85 552 85 558 85 564 85 570 85 576 85 582 85 588 85 594 85 600 85 606
718 85 612 85 618 85 625 85 631 85 637 85 643 85 649 85 655 85 661 85 667
719 85 673 85 679 85 685 85 691 85 697 85 703 85 709 85 715 85 721 85 727

720 85 733 85 739 85 745 85 751 85 757 85 763 85 769 85 775 85 781 85 788
721 85 794 85 800 85 806 85 812 85 818 85 824 85 830 85 836 85 842 85 848
722 85 854 85 860 85 866 85 872 85 878 85 884 85 890 85 896 85 902 85 908
723 85 914 85 920 85 926 85 932 85 938 85 944 85 950 85 956 85 962 85 968
724 85 974 85 980 85 986 85 992 85 998 86 004 86 010 86 016 86 022 86 028

725 86 034 86 040 86 046 86 052 86 058 86 064 86 070 86 076 86 082 86 088
726 86 094 86 100 86 106 86 112 86 118 86 124 86 130 86 136 86 141 86 147
727 86 153 86 159 86 165 86 171 86 177 86 183 86 189 86 195 86 201 86 207
728 86 213 86 219 86 225 86 231 86 237 86 243 86 249 86 255 86 261 86 267
729 86 273 86 279 86 285 86 291 86 297 86 303 86 308 86 314 86 320 86 326

730 86 332 86 338 86 344 86 350 86 356 86 362 86 368 86 374 86 380 86 386
731 86 392 86 398 86 404 86 410 86 415 86 421 86 427 86 433 86 439 86 445
732 86 451 86 457 86 463 86 469 86 475 86 481 86 487 86 493 86 499 86 504
733 86 510 86 516 86 522 86 528 86 534 86 540 86 546 86 552 86 558 86 564
734 86 570 86 576 86 581 86 587 86 593 86 599 86 605 86 611 86 617 86 623

735 86 629 86 635 86 641 86 646 86 652 86 658 86 664 86 670 86 676 86 682
736 86 688 86 694 86 700 86 705 86 711 86 717 86 723 86 729 86 735 86 741
737 86 747 86 753 86 759 86 764 86 770 86 776 86 782 86 788 86 794 86 800
738 86 806 86 812 86 817 86 823 86 829 86 835 86 841 86 847 86 853 86 859
739 86 864 86 870 86 876 86 882 86 888 86 894 86 900 86 906 86 911 86 917

740 86 923 86 929 86 935 86 941 86 947 86 953 86 958 86 964 86 970 86 976
741 86 982 86 988 86 994 86 999 87 005 87 Oil 87 017 87 023 87 029 87 035
742 87 040 87 046 87 052 87 058 87 064 87 070 87 075 87 081 87 087 87 093
743 87 099 87 105 87 111 87 116 87 122 87 128 87 134 87 140 87 146 87 151
744 87 157 87 163 87 169 87 175 87 181 87 186 87 192 87 198 87 204 87 210

745 87 216 87 221 87 227 87 233 87 239 87 245 87 251 87 256 87 262 87 268
746 87 274 87 280 87 286 87 291 87 297 87 303 87 309 87 315 87 320 87 326
747 87 332 87 338 87 344 87 349 87 355 87 361 87 367 87 373 87 379 87 384
748 87 390 87 396 87 402 87 408 87 413 87 419 87 425 87 431 87 437 87 442
749 87 448 87 454 87 460 87 466 87 471 87 477 87 483 87 489 87 495 87 500

No. 0 1 2 3 4 5 6 7 3

700-749

750-799

A P P E N D I X  V I I 743

No. 0 2 3 4 5 6 7 8 9

750 87 506 87 512 87 518 87 523 87 529 87 535 87 541 87 547 87 552 87 558
751 87 564 87 570 87 576 87 581 87 587 87 593 87 599 87 604 87 610 87 616
752 87 622 87 628 87 633 87 639 87 645 87 651 87 656 87 662 87 668 87 674
753 87 679 87 685 87 691 87 697 87 703 87 708 87 714 87 720 87 726 87 731
754 87 737 87 743 87 749 87 754 87 760 87 766 87 772 87 777 87 783 87 789

755 87 795 87 800 87 806 87 812 87 818 87 823 87 829 87 835 87 841 87 846
756 87 852 87 858 87 864 87 869 87 875 87 881 87 887 87 892 87 898 87 904
757 87 910 87 915 87 921 87 927 87 933 87 938 87 944 87 950 87 955 87 961
758 87 967 87 973 87 978 87 984 87 990 87 996 8S 001 88 007 88 013 88 018
759 88 024 88 030 88 036 88 041 88 047 88 053 88 058 88 064 88 070 88 076

760 88 081 88 087 88 093 88 098 88 104 88 110 88 116 88 121 88 127 88 133
761 88 138 88 144 88 150 88 156 88 161 88 167 88 173 88 178 88 184 88 190
762 88 195 88 201 88 207 88 213 88 218 88 224 88 230 88 235 88 241 88 247
763 88 252 88 258 88 264 88 270 88 275 88 281 88 287 88 292 88 298 88 304
764 88 309 88 315 88 321 88 326 88 332 88 338 88 343 88 349 88 355 88 360

765 88 366 88 372 88 377 88 383 88 389 88 395 88 400 88 406 88 412 88 417
766 88 423 88 429 88 434 88 440 88 446 88 451 88 457 88 463 88 468 88 474
767 88 480 88 485 88 491 88 497 88 502 88 508 88 513 88 519 88 525 88 530
768 88 536 88 542 88 547 88 553 88 559 88 564 88 570 88 576 88 581 88 587
769 88 593 88 598 88 604 88 610 88 615 88 621 88 627 88 632 88 638 88 643

770 88 649 88 655 88 660 88 666 88 672 88 677 88 683 88 689 88 694 88 700
771 88 705 88 711 88 717 88 722 88 728 88 734 88 739 88 745 88 750 88 756
772 88 762 88 767 88 773 88 779 88 784 88 790 88 795 88 801 88 807 88 812
773 88 818 88 824 88 82Q 88 835 88 840 88 846 88 852 88 857 88 863 88 868
774 88 874 88 880 88 885 88 891 88 897 88 902 88 908 88 913 88 919 88 925

775 88 930 88 936 88 941 88 947 88 953 88 958 88 964 88 969 88 975 88 981
776 88 986 88 992 88 997 89 003 89 009 89 014 89 020 89 025 89 031 89 037
777 89 042 89 048 89 053 89 059 89 064 89 070 89 076 89 081 89 087 89 092
778 89 098 89 104 89 109 89 115 89 120 89 126 89 131 89 137 89 143 89 148
779 89 154 89 159 89 165 89 170 89 176 89 182 89 187 89 193 89 198 89 204

780 89 209 89 215 89 221 89 226 89 232 89 237 89 243 89 248 89 254 89 260
781 89 265 89 271 89 276 89 282 89 287 89 293 89 298 89 304 89 310 89 315
782 89 321 89 326 89 332 89 337 89 343 89 348 89 354 89 360 89 365 89 371
783 89 376 89 382 89 387 89 393 89 398 89 404 89 409 89 415 89 421 89 426
784 89 432 89 437 89 443 89 448 89 454 89 459 89 465 89 470 89 476 89 481

785 89 487 89 492 89 498 89 504 89 509 89 515 89 520 89 526 89 531 89 537
786 89 542 89 548 89 553 89 559 89 564 89 570 89 575 89 581 89 586 89 592
787 89 597 89 603 89 609 89 614 89 620 89 625 89 631 89 636 89 642 89 647
788 89 653 89 658 89 664 89 669 89 675 89 680 89 686 89 691 89 697 89 702
789 89 708 89 713 89 719 89 724 89 730 89 735 89 741 89 746 89 752 89 757

790 89 763 89 768 89 774 89 779 89 785 89 790 89 796 89 801 89 807 89 812
791 89 818 89 823 89 829 89 834 89 840 89 845 89 851 89 856 89 862 89 867
792 89 873 89 878 89 883 89 889 89 894 89 900 89 905 89 911 89 916 89 922
793 89 927 89 933 89 938 89 944 89 949 89 955 89 960 89 966 89 971 89 977
794 89 982 89 988 89 993 89 998 90 004 90 009 90 015 90 020 90 026 90 031

795 90 037 90 042 90 048 90 053 90 059 90 064 90 069 90 075 90 080 90 086
796 90 091 90 097 90 102 90 108 90 113 90 119 90 124 90 129 90 135 90 140
797 90 146 90 151 90 157 90 162 90 168 90 173 90 179 90 184 90 189 90 195
798 90 200 90 206 90 211 90 217 90 222 90 227 90 233 90 238 90 244 90 249
799 90 255 90 260 90 266 90 271 90 276 90 282 90 287 90 293 90 298 90 304

No. 0 1 2 3 4 5 6 7 8 9

750-799



744

800-849

B U S I N E S S  S T A T I S T I C S

No. 0 5 8 7 8 9

800 90 309 90 314 90 320 90 325 90 331 90 336 90 342 90 347 90 352 90 358
801 90 363 90 369 90 374 90 380 90 385 90 390 90 396 90 401 90 407 90 412
802 90 417 90 423 90 428 90 434 90 439 90 445 90 450 90 455 90 461 90 466
803 90 472 90 477 90 482 90 488 90 493 90 499 90 504 90 509 90 515 90 520
804 90 526 90 531 90 536 90 542 90 547 90 553 90 558 90 563 90 569 90 574

805 90 580 90 585 90 590 90 596 90 601 90 607 90 612 90 617 90 623 90 628
806 90 634 90 639 90 644 90 650 90 655 90 660 90 666 90 671 90 677 90 682
807 90 687 90 693 90 698 90 703 90 709 90 714 90 720 90 725 90 730 90 736
808 90 741 90 747 90 752 90 757 90 763 90 768 90 773 90 779 90 784 90 789
809 90 795 90 800 90 806 90 811 90 816 90 822 90 827 90 832 90 838 90 843

810 90 849 90 854 90 859 90 865 90 870 90 875 90 881 90 886 90 891 90 897
811 90 902 90 907 90 913 90 918 90 924 90 929 90 934 90 940 90 945 90 950
812 90 956 90 961 90 966 90 972 90 977 90 982 90 988 90 993 90 998 91 004
813 91 009 91 014 91 020 91 025 91 030 91 036 91 041 91 046 91 052 91 057
814 91 062 91 068 91 073 91 078 91 084 91 089 91 094 91 100 91 105 91 110

815 91 116 91 121 91 126 91 132 91 137 91 142 91 148 91 153 91 158 91 164
816 91 169 91 174 91 180 91 185 91 190 91 196 91 201 91 206 91 212 91 217
817 91 222 91 228 91 233 91 238 91 243 91 249 91 254 91 259 91 265 91 270
818 91 275 91 281 91 286 91 291 91 297 91 302 91 307 91 312 91 318 91 323
819 91 328 91 334 91 339 91 344 91 350 91 355 91 360 91 365 91 371 91 376

820 91 381 91 387 91 392 91 397 91 403 91 408 91 413 91 418 91 424 91 429
821 91 434 91 440 91 445 91 450 91 455 91 461 91 466 91 471 91 477 91 482
822 91 487 91 492 91 498 91 503 91 508 91 514 91 519 91 524 91 529 91 535
823 91 540 91 545 91 551 91 556 91 561 91 566 91 572 91 577 91 582 91 587
824 91 593 91 598 91 603 91 609 91 614 91 619 91 624 91 630 91 635 91 640

825 91 645 91 651 91 656 91 661 91 666 91 672 91 677 91 682 91 687 91 693
826 91 698 91 703 91 709 91 714 91 719 91 724 91 730 91 735 91 740 91 745
827 91 751 91 756 91 761 91 766 91 772 91 777 91 782 91 787 91 793 91 798
828 91 803 91 808 91 814 91 819 91 824 91 829 91 834 91 840 91 845 91 850
829 91 855 91 861 91 866 91 871 91 876 91 882 91 887 91 892 91 897 91 903

830 91 908 91 913 91 918 91 924 91 929 91 934 91 939 91 944 91 950 91 955
831 91 960 91 965 91 971 91 976 91 981 91 986 91 991 91 997 92 002 92 007
832 92 012 92 018 92 023 92 028 92 033 92 038 92 044 92 049 92 054 92 059
833 92 065 92 070 92 075 92 080 92 085 92 091 92 096 92 101 92 106 92 111
834 92 117 92 122 92 127 92 132 92 137 92 143 92 148 92 153 92 158 92 163

835 92 169 92 174 92 179 92 184 92 189 92 195 92 200 92 205 92 210 92 215
836 92 221 92 226 92 231 92 236 92 241 92 247 92 252 92 257 92 262 92 267
837 92 273 92 278 92 283 92 288 92 293 92 298 92 304 92 309 92 314 92 319
838 92 324 92 330 92 335 92 340 92 345 92 350 92 355 92 361 92 366 92 371
839 92 376 92 381 92 387 92 392 92 397 92 402 92 407 92 412 92 418 92 423

840 92 428 92 433 92 438 92 443 92 449 92 454 92 459 92 464 92 469 92 474
841 92 480 92 485 92 490 92 495 92 500 92 505 92 511 92 516 92 521 92 526
842 92 531 92 536 92 542 92 547 92 552 92 557 92 562 92 567 92 572 92 578
843 92 583 92 588 92 593 92 598 92 603 92 609 92 614 92 619 92 624 92 629
844 92 634 92 639 92 645 92 650 92 655 92 660 92 665 92 670 92 675 92 681

845 92 686 92 691 92 696 92 701 92 706 92 711 92 716 92 722 92 727 92 732
846 92 737 92 742 92 747 92 752 92 758 92 763 92 768 92 773 92 778 92 783
847 92 788 92 793 92 799 92 804 92 809 92 814 92 819 92 824 92 829 92 834
848 92 840 92 845 92 850 92 855 92 860 92 865 92 870 92 875 92 881 92 886
849 92 891 92 896 92 901 92 906 92 911 92 916 92 921 92 927 92 932 92 937

No. 0 1 2 3 4 5 6 7 8 9

800-849

850-899

A P P E N D I X  V I I 745

No. 0 1 2 3 4 5 6 7 8

860 92 942 92 947 92 952 92 957 92 962 92 967 92 973 92 978 92 983 92 988
851 92 993 92 998 93 003 93 008 93 013 93 018 93 024 93 029 93 034 93 039
852 93 044 93 049 93 054 93 059 93 064 93 069 93 075 93 080 93 085 93 090
853 93 095 93 100 93 105 93 110 93 115 93 120 93 125 93 131 93 136 93 141
854 93 146 93 151 93 156 93 161 93 166 93 171 93 176 93 181 93 186 93 192

855 93 197 93 202 93 207 93 212 93 217 93 222 93 227 93 232 93 237 93 242
856 93 247 93 252 93 258 93 263 93 268 93 273 93 278 93 283 93 288 93 293
857 93 298 93 303 93 308 93 313 93 318 93 323 93 328 93 334 93 339 93 344
858 93 349 93 354 93 359 93 364 93 369 93 374 93 379 93 384 93 389 93 394
859 93 399 93 404 93 409 93 414 93 420 93 425 93 430 93 435 93 440 93 445

860 93 450 93 455 93 460 93 465 93 470 93 475 93 480 93 485 93 490 93 495
861 93 500 93 505 93 510 94 515 93 520 93 526 93 531 93 536 93 541 93 546
862 93 551 93 556 93 561 93 566 93 571 93 576 93 581 93 586 93 591 93 596
863 93 601 93 606 93 611 93 616 93 621 93 626 93 631 93 636 93 641 93 646
864 93 651 93 656 93 661 93 666 93 671 93 676 93 682 93 687 93 692 93 697

865 93 702 93 707 93 712 93 717 93 722 93 727 93 732 93 737 93 742 93 747
866 93 752 93 757 93 762 93 767 93 772 93 777 93 782 93 787 93 792 93 797
867 93 802 93 807 93 812 93 817 93 822 93 827 93 832 93 837 93 842 93 847
868 93 852 93 857 93 862 93 867 93 872 93 877 93 882 93 887 93 892 93 897
869 93 902 93 907 93 912 93 917 93 922 93 927 93 932 93 937 93 942 93 947

870 93 952 93 957 93 962 93 967 93 972 93 977 93 982 93 987 93 992 93 997
871 94 002 94 007 94 012 94 017 94 022 94 027 94 032 94 037 94 042 94 047
872 94 052 94 057 94 062 94 067 94 072 94 077 94 082 94 086 94 091 94 096
873 94 101 94 106 94 111 94 116 94 121 94 126 94 131 94 136 94 141 94 146
874 94 151 94 156 94 161 94 166 94 171 94 176 94 181 94 186 94 191 94 196

875 94 201 94 206 94 211 94 216 94 221 94 226 94 231 94 236 94 240 94 245
876 94 250 94 255 94 260 94 265 94 270 94 275 94 280 94 285 94 290 94 295
877 94 300 94 305 94 310 94 315 94 320 94 325 94 330 94 335 94 340 94 345
878 94 349 94 354 94 359 94 364 94 369 94 374 94 379 94 384 94 389 94 394
879 94 399 94 404 94 409 94 414 94 419 94 424 94 429 94 433 94 438 94 443

880 94 448 94 453 94 458 94 463 94 468 94 473 94 478 94 483 94 488 94 493
881 94 498 94 503 94 507 94 512 94 517 94 522 94 527 94 532 94 537 94 542
882 94 547 94 552 94 557 94 562 94 567 94 571 94 576 94 581 94 586 94 591
883 94 596 94 601 94 606 94 611 94 616 94 621 94 626 94 630 94 635 94 640
884 94 645 94 650 94 655 94 660 94 665 94 670 94 675 94 680 94 685 94 689

885 94 694 94 699 94 704 94 709 94 714 94 719 94 724 94 729 94 734 94 738
886 94 743 94 748 94 753 94 758 94 763 94 768 94 773 94 778 94 783 94 787
887 94 792 94 797 94 802 94 807 94 812 94 817 94 822 94 827 94 832 94 836
888 94 841 94 846 94 851 94 856 94 861 94 866 94 871 94 876 94 880 94 885
889 94 890 94 895 94 900 94 905 94 910 94 915 94 919 94 924 94 929 94 934

890 94 939 94 944 94 949 94 954 94 959 94 963 94 968 94 973 94 978 94 983
891 94 988 94 993 94 998 95 002 95 007 95 012 95 017 95 022 95 027 95 032
892 95 036 95 041 95 046 95 051 95 056 95 061 95 066 95 071 95 075 95 080
893 95 085 95 090 95 095 95 100 95 105 95 109 95 114 95 119 95 124 95 129
894 95 134 95 139 95 143 95 148 95 153 95 158 95 163 95 168 95 173 95 177

895 95 182 95 187 95 192 95 197 95 202 95 207 95 211 95 216 95 221 95 226
896 95 231 95 236 95 240 95 245 95 250 95 255 95 260 95 265 95 270 95 274
897 95 279 95 284 95 289 95 294 95 299 95 303 95 308 95 313 95 318 95 323
898 95 328 95 332 95 337 95 342 95 347 95 352 95 357 95 361 95 366 95 371
899 95 376 95 381 95 386 95 390 95 395 95 400 95 405 95 410 95 415 95 419

No. 0 1 2 3 4 5 6 7 8 9

850-899



746 B U S I N E S S  S T A T I S T I C S

900-949

No. 0 1 2 3 4 5 6 7 8 9

900 95 424 95 429 95 434 95 439 95 444 95 448 95 453 95 458 95 463 95 468
901 95 472 95 477 9 5 482 95 487 95 492 95 497 95 501 95 506 95 511 95 516
902 95 521 95 525 95 530 95 535 95 540 95 545 95 550 95 554 95 559 95 564
903 95 569 95 574 95 578 95 583 95 588 95 593 95 598 95 602 95 607 95 612
904 95 617 95 622 95 626 95 631 95 636 95 641 95 646 95 650 95 655 95 660

905 95 665 95 670 95 674 95 679 95 684 95 689 95 694 95 698 95 703 95 708
906 95 713 95 718 95 722 95 727 95 732 95 737 95 742 95 746 95 751 95 756
907 95 761 95 766 95 770 95 775 95 780 95 785 95 789 95 794 95 799 95 804
908 95 809 95 813 95 818 95 823 95 828 95 832 95 837 95 842 95 847 95 852
909 95 856 95 861 95 866 95 871 95 875 95 880 95 885 95 890 95 895 95 899

910 95 904 95 909 95 914 95 918 95 923 95 928 95 933 95 938 95 942 95 947
911 95 952 95 957 95 961 95 966 95 971 95 976 95 980 95 985 95 990 95 995
912 95 999 96 004 96 009 96 014 96 019 96 023 96 028 96 033 96 038 96 042
913 96 047 96 052 96 057 96 061 96 066 96 071 96 076 96 080 96 085 96 090
914 96 095 96 099 96 104 96 109 96 114 96 118 96 123 96 128 96 133 96 137

915 96 142 96 147 96 152 96 156 96 161 96 166 96 171 96 175 96 180 96 185
916 96 190 96 194 96 199 96 204 96 209 96 213 96 218 96 223 96 227 96 232
917 96 237 96 242 96 246 96 251 96 256 96 261 96 265 96 270 96 275 96 280
918 96 284 96 289 96 294 96 298 96 303 96 308 96 313 96 317 96 322 96 327
919 96 332 96 336 96 341 96 346 96 350 96 355 96 360 96 365 96 369 96 374

920 96 379 96 384 96 388 96 393 96 398 96 402 96 407 96 412 96 417 96 421
921 96 426 96 431 96 435 96 440 96 445 96 450 96 454 96 459 96 464 96 468
922 96 473 96 478 96 483 96 487 96 492 96 497 96 501 96 506 96 511 96 515
923 96 520 96 525 96 530 96 534 96 539 96 544 96 548 96 553 96 558 96 562
924 96 567 96 572 96 577 96 581 96 586 96 591 96 595 96 600 96 605 96 609

925 96 614 96 619 96 624 96 628 96 633 96 638 96 642 96 647 96 652 96 656
926 96 661 96 666 96 670 96 675 96 680 96 685 96 689 96 694 96 699 96 703
927 96 708 96 713 96 717 96 722 96 727 96 731 96 736 96 741 96 745 96 750
928 96 75§ 96 759 96 764 96 769 96 774 96 778 96 783 96 788 96 792 96 797
929 96 802 96 806 96 811 96 816 96 820 96 825 96 830 96 834 96 839 96 844

930 96 848 96 853 96 858 96 862 96 867 96 872 96 876 96 881 96 886 96 890
931 96 895 96 900 96 904 96 909 96 914 96 918 96 923 96 928 96 932 96 937
932 96 942 96 946 96 951 96 956 96 960 96 965 96 970 96 974 96 979 96 984
933 96 988 96 993 96 997 97 002 97 007 97 Oil 97 016 97 021 97 025 97 030
934 97 035 97 039 97 044 97 049 97 053 97 058 97 063 97 067 97 072 97 077

935 97 081 97 086 97 090 97 095 97 100 97 104 97 109 97 114 97 118 97 123
936 97 128 97 132 97 137 97 142 97 146 97 151 97 155 97 160 97 165 97 169
937 97 174 97 179 97 183 97 188 97 192 97 197 97 202 97 206 97 211 97 216
938 97 220 97 225 97 230 97 234 97 239 97 243 97 248 97 253 97 257 97 262
939 97 267 97 271 97 276 97 280 97 285 97 290 97 294 97 299 97 304 97 308

940 97 313 97 317 97 322 97 327 97 331 97 336 97 340 97 345 97 350 97 354
941 97 359 97 364 97 368 97 373 97 377 97 382 97 387 97 391 97 396 97 400
942 97 405 97 410 97 414 97 419 97 424 97 428 97 433 97 437 97 442 97 447
943 97 451 97 456 97 460 97 465 97 470 97 474 97 479 97 483 97 488 97 493
944 97 497 97 502 97 506 97 511 97 516 97 520 97 525 97 529 97 534 97 539

945 97 543 97 548 97 552 97 557 97 562 97 566 97 571 97 575 97 580 97 585
946 97 589 97 594 97 598 97 603 97 607 97 612 97 617 97 621 97 626 97 630
947 97 635 97 640 97 644 97 649 97 653 97 658 97 663 97 667 97 672 97 676
948 97 681 97 685 97 690 97 695 97 699 97 704 97 708 97 713 97 717 97 722
949 97 727 97 731 97 736 97 740 97 745 97 749 97 754 97 759 97 763 97 768

No. 0 1 2  3 4 5 6 7 8 9

900-949

950-1000

A P P E N D I X  V I I 747

No. 0 3 4 5 6 8 9

950 97 772 97 777 97 782 97 786 97 791 97 795 97 800 97 804 97 809 97 813
951 97 818 97 823 97 827 97 832 97 836 97 841 97 845 97 850 97 855 97 859
952 97 864 97 868 97 873 97 877 97 882 97 886 97 891 97 896 97 900 97 905
953 97 909 97 914 97 918 97 923 97 928 97 932 97 937 97 941 97 946 97 950
954 97 955 97 959 97 964 97 968 97 973 97 978 97 982 97 987 97 991 97 996

955 98 000 98 005 98 009 98 014 98 019 98 023 98 028 98 032 98 037 98 041
956 98 046 98 050 98 055 98 059 98 064 98 068 98 073 98 078 98 082 98 087
957 98 091 98 096 98 100 98 105 98 109 98 114 98 118 98 123 98 127 98 132
958 98 137 98 141 98 146 98 150 98 155 98 159 98 164 98 168 98 173 98 177
959 98 182 98 186 98 191 98 195 98 200 98 204 98 209 98 214 98 218 98 223

960 98 227 98 232 98 236 98 241 98 245 98 250 98 254 98 259 98 263 98 268
961 98 272 98 277 98 281 98 286 98 290 98 295 98 299 98 304 98 308 98 313
962 98 318 98 322 98 327 98 331 98 336 98 340 98 345 98 349 98 354 98 358
963 98 363 98 367 98 372 98 376 98 381 98 385 98 390 98 394 98 399 98 403
964 98 408 98 412 98 417 98 421 98 426 98 430 98 435 98 439 98 444 98 448

965 98 453 98 457 98 462 98 466 98 471 98 475 98 480 98 484 98 489 98 493
966 98 498 98 502 98 507 98 511 98 516 98 520 98 525 98 529 98 534 98 538
967 98 543 98 547 98 552 98 556 98 561 98 565 98 570 98 574 98 579 98 583
968 98 588 98 592 98 597 98 601 98 605 98 610 98 614 98 619 98 623 98 628
969 98 632 98 637 98 641 98 646 98 650 98 655 98 659 98 664 98 668 98 673

970 98 677 98 682 98 686 98 691 98 695 98 700 98 704 98 709 98 713 98 717
971 98 722 98 726 98 731 98 735 98 740 98 744 98 749 98 753 98 758 98 762
972 98 767 98 771 98 776 98 780 98 784 98 789 98 793 98 798 98 802 98 807
973 98 811 98 816 98 820 98 825 98 829 98 834 98 838 98 843 98 847 98 851
974 98 856 98 860 98 865 98 869 98 874 98 878 98 883 98 887 98 892 98 896

975 98 900 98 905 98 909 98 914 98 918 98 923 98 927 98 932 98 936 98 941
976 98 945 98 949 98 954 98 958 98 963 98 967 98 972 98 976 98 981 98 985
977 98 989 98 994 98 998 99 003 99 007 99 012 99 016 99 021 99 025 99 029
978 99 034 99 038 99 043 99 047 99 052 99 056 99 061 99 065 99 069 99 074
979 99 078 99 083 99 087 99 092 99 096 99 100 99 105 99 109 99 114 99 118

980 99 123 99 127 99 131 99 136 99 140 99 145 99 149 99 154 99 158 99 162
981 99 167 99 171 99 176 99 180 99 185 99 189 99 193 99 198 99 202 99 207
982 99 211 99 216 99 220 99 224 99 229 99 233 99 238 99 242 99 247 99 251
983 99 255 99 260 99 264 99 269 99 273 99 277 99 282 99 286 99 291 99 295
984 99 300 99 304 99 308 99 313 99 317 99 322 99 326 99 330 99 335 99 339

985 99 344 99 348 99 352 99 357 99 361 99 366 99 370 99 374 99 379 99 383
986 99 388 99 392 99 396 99 401 99 405 99 410 99 414 99 419 99 423 99 427
987 99 432 99 436 99 441 99 445 99 449 99 454 99 458 99 463 99 467 99 471
988 99 476 99 480 99 484 99 489 99 493 99 498 99 502 99 506 99 511 99 515
989 99 520 99 524 99 528 99 533 99 537 99 542 99 546 99 550 99 555 99 559

990 99 564 99 568 99 572 99 577 99 581 99 585 99 590 99 594 99 599 99 603
991 99 607 99 612 99 616 99 621 99 625 99 629 99 634 99 638 99 642 99 647
992 99 651 99 656 99 660 99 664 99 669 99 673 99 677 99 682 99 686 99 691
993 99 695 99 699 99 704 99 708 99 712 99 717 99 721 99 726 99 730 99 734
994 99 739 99 743 99 747 99 752 99 756 99 760 99 765 99 769 99 774 99 778

995 99 782 99 787 99 791 99 795 99 800 99 804 99 808 99 813 99 817 99 822
996 99 826 99 830 99 835 99 839 99 843 99 848 99 852 99 856 99 861 99 865
997 99 870 99 874 99 878 99 883 99 887 99 891 99 896 99 900 99 904 99 909
998 99 913 99 917 99 922 99 926 99 930 99 935 99 939 99 944 99 948 99 952
999 99 957 99 961 99 965 99 970 99 974 99 978 99 983 99 987 99 991 99 996

1000 00 000 00 004 00 009 00 013 00 017 00 022 00 026 00 030 00 035 00 039

No. 0 1 2 3 4 5 6 7 8 9

950-1000



APPENDIX VIII

TABLE OF SQUARES, SQUARE ROOTS, AND RECIPROCALS— 
1 TO 1000

The accom panying table presents the num bers from 1 to  1000 in bold-face type, 
and for each of these num bers the corresponding square, square root, and reciprocal 
are presented in light-face type.

In  statistical work, tables of squares and square roots are valuable aids in such 
problems as determ ining standard  deviations, correlation coefficients, or least squares 
trend lines.

The use of reciprocals greatly facilitates division. This is true  w hether the work 
is done by  hand or by  machine. The process is simple. Instead  of dividing by  a 
num ber we m ultiply  by its reciprocal. Suppose, for instance, th a t we wish to  divide 
79,326 by  893. By com putation or by  referring to  the tables (see page 758) we find 
th a t the reciprocal of 893 is 0.00112. By m ultiplying the dividend by this reciprocal 
(79326 X 0.00112) we get 88.84512. Therefore, 79326 -5- 893 =  88.84512.

W hen m any num bers are to  be divided by  the same number, the use of th e  recipro
cal is particularly  advantageous. In  computing percentage relatives, for instance, it  
is m uch easier to  m ultiply the  original figures in the series by  th e  reciprocal of the 
base than  it is to divide each figure in the series by  the actual base figure.
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750 B U S I N E S S  S T A T I S T I C S

T a b l e  o f  S q u a r e s , S q u a r e  R o o t s , a n d  R e c ip r o c a l s — 1 to  10 0 0

Numbers Squares Square
roots

Recipro
cals Numbers Squares Square

roots
Recipro

cals

1 1 1.0000 1.000000 51 2601 7.1414 .0196082 4 1.4142 .500000 52 2704 7.2111 .0192313 9 1.7321 .333333 53 2809 7.2801 .0188684 16 2.0000 .250000 54 2916 7.3485 .0185195 25 2.2361 .200000 55 3025 7.4162 .018182
6 36 2.4495 .166667 56 3136 7.4833 .0178577 49 2.6458 .142857 57 3249 7.5498 .0175448 64 2.8284 .125000 58 3364 7.6158 .0172419 81 3.0000 .111111 59 3481 7.6811 .01694910 100 3.1623 .100000 60 3600 7.7460 .016667

11 121 3.3166 .090909 61 3721 7.8102 .01639312 144 3.4641 .083333 62 3844 7.8740 .01612913 169 3.6056 .076923 63 3969 7.9373 .01587314 196 3.7417 .071429 64 4096 8.0000 .01562515 225 3.8730 .066667 65 4225 8.0623 .015385
16 256 4.0000 .062500 66 4356 8.1240 .01515217 289 4.1231 .058824 67 4489 8.1854 .01492518 324 4.2426 .055556 68 4624 8.2462 .01470619 361 4.3589 .052632 69 4761 8.3066 .01449320 400 4.4721 .050000 70 4900 8.3666 .014286
21 441 4.5826 .047619 71 5041 8.4261 .01408522 484 4.6904 .045455 72 5184 8.4853 .01388923 529 4.7958 .043478 73 5329 8.5440 .01369924 576 4.8990 .041667 74 5476 8.6023 .01351425 625 5.0000 .040000 75 5625 8.6603 .013333
26 676 5.0990 .038462 76 5776 8.7178 .01315827 729 5.1962 .037037 77 5929 8.7750 .01298728 784 5.2915 .035714 78 6084 8.8318 .01282129 841 5.3852 .034483 79 6241 8.8882 .01265830 900 5.4772 .033333 80 6400 8.9443 .012500
31 961 5.5678 .032258 81 6561 9.0000 .01234632 1024 5.6569 .031250 82 6724 9.0554 .01219533 1089 5.7446 .030303 83 6889 9.1104 .01204834 1156 5.8310 .029412 84 7056 9.1652 .01190535 1225 5.9161 .028571 85 7225 9.2195 .011765
36 1296 6.0000 .027778 86 7396 9.2736 .01162837 1369 6.0828 .027027 87 7569 9.3274 .01149438 1444 6.1644 .026316 88 7744 9.3808 .01136439 1521 6.2450 .025641 89 7921 9.4340 .01123640 1600 6.3246 .025000 90 8100 9.4868 .011111
41 1681 6.4031 .024390 91 8281 9.5394 .01098942 1764 6.4807 .023810 92 8464 9.5917 .01087043 1849 6.5574 .023256 93 8649 9.6437 .01075344 1936 6.6332 .022727 94 8836 9.6954 .01063845 2025 6.7082 .022222 95 9025 9.7468 .010526
46 2116 6.7823 .021739 96 9216 9.7980 .01041747 2209 6.8557 .021277 97 9409 9.8489 .01030948 2304 6.9282 .020833 98 9604 9.8995 .01020449 2401 7.0000 .020408 99 9801 9.9499 .01010150 2500 7.0711 .020000 100 10000 10.0000 .010000
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Recipro
cals Numbers Squares Square
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Recipro
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101 10201 10.0499 .009901 151 22801 12.2882 .006623
102 10404 10.0995 .009804 152 23104 12.3288 .006579
103 10609 10.1489 .009709 153 23409 12.3693 .006536
104 10816 10.1980 .009615 154 23716 12.4097 .006494
105 11025 10.2470 .009524 155 24025 12.4499 .006452

106 11236 10.2956 .009434 156 24336 12.4900 .006410
107 11449 10.3441 .009346 157 24649 12.5300 .006369
108 11664 10.3923 .0092. 9 158 24964 12.5698 .006329
109 11881 10.4403 .009174 159 25281 12.6095 .006289
110 12100 10.4881 .009091 160 25600 12.6491 .006250

111 12321 10.5357 .009009 161 25921 12.6886 .006211
112 12544 10.5830 .008929 162 26244 12.7279 .006173
113 12769 10.6301 .008850 163 26569 12.7671 .006135
114 12996 10.6771 .008772 164 26896 12.8062 .006098
115 13225 10.7238 .008696 165 27225 12.8452 .006061

116 13456 10.7703 .008621 166 27556 12.8841 .006024
117 13689 10.8167 .008547 167 27889 12.9228 .005988
118 13924 10.8628 .008475 168 28224 12.9615 .005952
119 14161 10.9087 .008403 169 28561 13.0000 .005917
120 14400 10.9545 .008333 170 28900 13.0384 .005882

121 14641 11.0000 .008264 171 29241 13.0767 .005848
122 14884 11.0454 .008197 172 29584 13.1149 .005814
123 15129 11.0905 .008130 173 29929 13.1529 .005780
124 15376 11.1355 .008065 174 30276 13.1909 .005747
125 15625 11.1803 .008000 175 30625 13.2288 .005714

126 15876 11.2250 .007937 176 30976 13.2665 .005682
127 16129 11.2694 .007874 177 31329 13.3041 .005650
128 16384 11.3137 .007813 178 31684 13.3417 .005618
129 16641 11.3578 .007752 179 32041 13.3791 .005587
130 16900 11.4018 .007692 180 32400 13.4164 .005556

131 17161 11.4455 .007634 181 32761 13.4536 .005525
132 17424 11.4891 .007576 182 33124 13.4907 .005495
133 17689 11.5326 .007519 183 33489 13.5277 .005464
134 17956 11.5758 .007463 184 33856 13.5647 .005435
135 18225 11.6190 .007407 185 34225 13.6015 .005405

136 18496 11.6619 .007353 186 34596 13.6382 .005376
137 18769 11.7047 .007299 187 34969 13.6748 .005348
138 19044 11.7473 .007246 188 35344 13.7113 .005319
139 19321 11.7898 .007194 189 35721 13.7477 .005291
140 19600 11.8322 .007143 190 . 36100 13.7840 .005263

141 19881 11.8743 .007092 191 36481 13.8203 .005236
142 20164 11.9164 .007042 192 36864 13.8564 .005208
143 20449 11.9583 .006993 193 37249 13.8924 .005181
144 20736 12.0000 .006944 194 37636 13.9284 .005155
145 21025 12.0416 .006897 195 38025 13.9642 .005128

146 21316 12.0830 .006849 196 38416 14.0000 .005102
147 21609 12.1244 .006803 197 38809 14.0357 .005076
148 21904 12.1655 .006757 198 39204 14.0712 .005051
149 22201 12.2066 .006711 199 39601 14.1067 .005025
150 22500 12.2474 .006667 200 40000 14.1421 .005000



T a b le  o f  S q u a r e s , S q u a r e  R o o t s ,  a n d  R e c ip r o c a ls — 1 t o  1000.— •(Continued)

752 B U S I N E S S  S T A T I S T I C S

Numbers Squares Square
roots

Recipro
cals Numbers Squares Square

roots
Recipro

cals

201 40401 14.1774 .004975 251 63001 15.8430 .003984
202 40804 14.2127 .004950 252 63504 15.8745 .003968
203 41209 14.2478 .004926 253 64009 15.9060 .003953
204 41616 14.2829 .004902 254 64516 15.9374 .003937
205 42025 14.3178 .004878 255 65025 15.9687 .003922

206 42436 14.3527 .004854 256 65536 16.0000 .003906
207 42849 14.3875 .004831 257 66049 16.0312 .003891
208 43264 14.4222 .004808 253 66564 16.0624 .003876
209 43681 14.4568 .004785 259 67081 16.0935 .003861
210 44100 14.4914 .004762 260 67600 16.1245 .003846

211 44521 14.5258 .004739 261 68121 16.1555 .003831
212 44944 14.5602 .004717 262 68644 16.1864 .003817
213 45369 14.5945 .004695 263 69169 16.2173 .003802
214 45796 14.6287 .004673 264 69696 16.2481 .003788
215 46225 14.6629 .004651 265 70225 16.2788 .003774

216 46656 14.6969 .004630 266 70756 16.3095 .003759
217 47089 14.7309 .004608 267 71289 16.3401 .003745
218 47524 14.7648 .004587 268 71824 16.3707 .003731
219 47961 14.7986 .004566 269 72361 16.4012 .003717
220 48400 14.8324 .004545 270 72900 16.4317 .003704

221 48841 14.8661 .004525 271 73441 16.4621 .003690
222 49284 14.8997 .004505 272 73984 16.4924 .003676
223 49729 14.9332 .004484 273 74529 16.5227 .003663
224 50176 14.9666 .004464 274 75076 16.5529 .003650
225 50625 15.0000 .004444 275 75625 16.5831 .003636

226 51076 15.0333 .004425 276 76176 16.6132 .003623
227 51529 15.0665 .004405 277 76729 16.6433 .003610
228 51984 15.0997 .004386 278 77284 16.6733 .003597
229 52441 15.1327 .004367 279 77841 16.7033 .003584
230 52900 15.1658 .004348 280 78400 16.7332 .003571

231 53361 15.1987 .004329 281 78961 16.7631 .003559
232 53824 15.2315 .004310 282 79524 16.7929 .003546
233 54289 15.2643 .004292 283 80089 16.8226 .003534
234 54756 15.2971 .004274 284 80656 16.8523 .003521
235 55225 35.3297 .004255 285 81225 16.8819 .003509

236 55696 15.3623 .004237 286 81796 16.9115 .003497
237 56169 15.3948 .004219 287 82369 16.9411 .003484
238 56644 15.4272 .004202 288 82944 16.9706 .003472
239 57121 15.4596 .004184 289 83521 17.0000 .003460
240 57600 15..4919 .004167 290 84100 17.0294 .003448

241 58081 15.5242 .004149 291 84681 17.0587 .003436
242 58564 15.5563 .004132 292 85264 17.0880 .003425
243 59049 15.5885 .004115 293 85849 17.1172 .003413
244 59536 15.6205 .004098 294 86436 17.1464 .003401
245 60025 15.6525 .004082 295 87025 17.1756 .003390

246 60516 15.6844 .004065 296 87616 17.2047 .003378
247 61009 15.7162 .004049 297 88209 17.2337 .003367
248 61504 15.7480 .004032 298 88804 17.2627 .003356
249 62001 15.7797 .004016 299 89401 17.2916 .003344
250 62500 15.8114 .004000 300 90000 17.3205 .003333
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301 90601 17.3494 .003322 351 123201 18.7350 .002849
302 91204 17.3781 .003311 352 123904 18.7617 .002841
303 91809 17.4069 .003300 353 124609 18.7883 .002833
304 92416 17.4356 .003289 354 125316 18.8149 .002825
305 93025 17.4642 .003279 355 126025 18.8414 .002817

306 93636 17.4929 .003268 356 126736 18.8680 .002809
307 94249 17.5214 .003257 357 127449 18.8944 .002801
308 94864 17.5499 .003247 358 128164 18.9209 .002793
309 95481 17.5784 .003236 359 128881 18.9473 .002786
310 96100 17.6068 .003226 360 129600 18.9737 .002778

311 96721 17.6352 .003215 361 130321 19.0000 .002770
312 97344 17.6635 .003205 362 131044 19.0263 .002762
313 97969 17.6918 .003195 363 131769 19.0526 .002755
314 98596 17.7200 .003185 364 132496 19.0788 .002747
315 99225 17.7482 .003175 365 133225 19.1050 .002740

316 99856 17.7764 .003165 366 133956 19.1311 .002732
317 100489 17.8045 .003155 367 134689 19.1572 .002725
318 101124 17.8326 .003145 368 135424 19.1833 .002717
319 101761 17.8606 .003135 369 136161 19.2094 .002710
320 102400 17.8885 .003125 370 136900 19.2354 .002703

321 103041 17.9165 .003115 371 137641 19.2614 .002695
322 103684 17.9444 .003106 372 138384 19.2873 .002688
323 104329 17.9722 .003096 373 139129 19.3132 .002681
324 104976 18.0000 .003086 374 139876 19.3391 .002674
325 105625 18.0278 .003077 375 140625 19.3649 .002667

326 106276 18.0555 .003067 376 141376 19.3907 .002660
327 106929 18.0831 .003058 377 142129 19.4165 .002653
328 107584 18.1108 .003049 378 142884 19.4422 .002646
329 108241 18.1384 .003040 379 143641 19.4679 .002639
330 108900 18.1659 .003030 380 144400 19.4936 .002632

331 109561 18.1934 .003021 381 145161 19.5192 .002625
332 110224 18.2209 .003012 382 145924 19.5448 .002618
333 110889 18.2483 .003003 383 146689 19.5704 .002611
334 111556 18.2757 .002994 384 147456 19.5959 .002604
335 112225 18.3030 .002985 385 148225 19.6214 .002597

336 112896 18.3303 .002976 386 148996 19.6469 .002591
337 113569 18.3576 .002967 387 149769 19.6723 .002584
338 114244 18.3848 .002959 388 150544 19.6977 .002577
339 114921 18.4120 .002950 389 151321 19.7231 .002571
340 115600 18.4391 .002941 390 152100 19.7484 .002564

341 116281 18.4662 .002933 391 152881 19.7737 .002558
342 116964 18.4932 .002924 392 153664 19.7990 .002551
343 117649 18.5203 .002915 393 154449 19.8242 .002545
344 118336 18.5472 .002907 394 155236 19.8494 .002538
345 119025 18.5742 .002899 395 156025 19.8746 .002532

346 119716 18.6011 .002890 396 156816 19.8997 .002525
347 120409 18.6279 .002882 397 157609 19.9249 .002519
348 121104 18.6548 .002874 398 158404 19.9499 .002513
349 121801 18.6815 .002865 399 159201 19.9750 .002506
350 122500 18.7083 .002857 400 160000 20.0000 .002500
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401 160801 20.0250 .002494 451 203401 21.2368 .002217
402 161604 20.0499 .002488 452 204304 21.2603 .002212
403 162409 20.0749 .002481 453 205209 21.2838 .002208404 163216 20.0998 .002475 454 206116 21.3073 .002203
405 164025 20.1246 .002469 455 207025 21.3307 .002198
406 164836 20.1494 .002463 456 207936 21.3542 .002193
407 165649 20.1742 .002457 457 208849 21.3776 .002188
408 166464 20.1990 .002451 458 209764 21.4009 .002183
409 167281 20.2237 .002445 459 210681 21.4243 .002179
410 168100 20.2485 .002439 460 211600 21.447ii .002174

411 168921 20.2731 .002433 461 212521 21.4709 .002169
412 169744 20.2978 .002427 462 213444 21.4942 .002165413 170569 20.3224 .002421 463 214369 21.5174 .002160
414 171396 20.3470 .002415 464 215296 21.5407 .002155
415 172225 20.3715 .002410 465 216225 21.5639 .002151
416 173056 20.3961 .002404 466 217156 21.5870 .002146
417 173889 20.4206 .002398 467 218089 21.6102 .002141418 174724 20.4450 .002392 468 219024 21.6333 .002137
419 175561 20.4695 .002387 469 219961 21.6564 .002132
420 176400 20.4939 .002381 470 220900 21.6795 .002128

421 177241 20.5183 .002375 471 221841 21.7025 .002123
422 178084 20.5426 .002370 472 222784 21.7256 .002119
423 178929 20.5670 .002364 473 223729 21.7486 .002114
424 179776 20.5913 .002358 474 224676 21.7715 .002110
425 180625 20.6155 .002353 475 225625 21.7945 .002105

426 181476 20.6398 .002347 476 226576 21.8174 .002101427 182329 20.6640 .002342 477 227529 21.8403 .002096
428 183184 20.6882 .002336 478 228484 21.8632 .002092
429 184041 20.7123 .002331 479 229441 21.8861 .002088430 184900 20.7364 .002326 480 230400 21.9089 .002083
431 185761 20.7605 .002320 481 231361 21.9317 .002079
432 186624 20.7846 .002315 482 232324 21.9545 .002075433 187489 20.8087 .002309 483 233289 21.9773 .002070
434 188356 20.8327 .002304 484 234256 22.0000 .002066
435 189225 20.8567 .002299 485 235225 22.0227 .002062

436 190096 20.8806 .002294 486 236196 22.0454 .002058
437 190969 20.9045 .002288 487 237169 22.0681 .002053438 191844 20.9284 .002283 488 238144 22.0907 .002049
439 192721 20.9523 .002278 489 239121 22.1133 .002045440 193600 20.9762 .002273 490 240100 22.1359 .002041

441 194481 21.0000 .002268 491 241081 22.1585 .002037
442 195364 21.0238 .002262 492 242064 22.1811 .002033
443 196249 21.0476 .002257 493 243049 22.2036 .002028
444 197136 21.0713 .002252 494 244036 22.2261 .002024
445 198025 21.0950 .002247 495 245025 22.2486 .002020
446 198916 21.1187 .002242 496 246016 22.2711 .002016447 199809 21.1424 .002237 497 247009 22.2935 .002012
448 200704 21.1660 .002232 498 248004 22.3159 .002008449 201601 21.1896 .002227 499 249001 22.3383 .002004
450 202500 21.2132 .002222 500 250000 22.3607 .002000
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501 251001 22.3830 .001996 551 303601 23.4734 .001815
502 252004 22.4054 .001992 552 304704 23.4947 .001812
503 253009 22.4277 .001988 553 305809 23.5160 .001808
504 254016 22.4499 .001984 554 306916 23.5372 .001805
505 255025 22.4722 .001980 555 308025 23.5584 .001802

506 256036 22.4944 .001976 556 309136 23.5797 .001799
507 257049 22.5167 .001972 657 310249 23.6008 .001795
508 258064 22.5389 .001969 558 311364 23.6220 .001792
509 259081 22.5610 .001965 559 312481 23.6432 .001789
510 260100 22.5832 .001961 560 313600 23.6643 .001786

511 261121 22.6053 .001957 561 314721 23.6854 .001783
512 262144 22.6274 .001953 562 315844 23.7065 .001779
513 263169 22.6495 .001949 563 316969 23.7276 .001776
514 264196 22.6716 .001946 564 318096 23.7487 .001773
515 265225 22.6936 .001942 565 319225 23.7697 .001770

516 266256 22.7156 .001938 566 320356 23.7908 .001767
517 267289 22.7376 .001934 567 321489 23.8118 .001764
518 268324 22.7596 .001931 568 322624 23.8328 .001761
519 269361 22.7816 .001927 569 323761 23.8537 .001757
520 270400 22.8035 .001923 670 324900 23.8747 .001754

521 271441 22.8254 .001919 571 326041 23.8956 .001751
522 272484 22.8473 .001916 572 327184 23.9160 .001748
523 273529 22.8692 .001912 573 328329 23.9374 .001745
524 274576 22.8910 .001908 574 329476 23.9583 .001742
525 275625 22.9129 .001905 675 330625 23.9792 .001739

526 276676 22.9347 .001901 676 331776 24.0000 .001736
527 277729 22.9565 .001898 577 332929 24.0208 .001733
528 278784 22.9783 .001894 578 334084 24.0416 .001730
529 279841 23.0000 .001890 579 335241 24.0624 .001727
530 280900 23.0217 .001887 580 336400 24.0832 .001724

531 281961 23.0434 .001883 581 337561 24.1039 .001721
532 283024 23.0651 .001880 582 338724 24.1247 .001718
533 284089 23.0868 .001876 583 339889 24.1454 .001715
534 285156 23.1084 .001873 584 341056 24.1661 .001712
535 286225 23.1301 .001869 585 342225 24.1868 .001709

536 287296 23.1517 .001866 586 343396 24.2074 .001706537 288369 23.1733 .001862 587 344569 24.2281 .001704
538 289444 23.1948 .001859 588 345744 24.2487 .001701
539 290521 23.2164 .001855 589 346921 24.2693 .001698
540 291600 23.2379 .001852 590 348100 24.2899 .001695
541 292681 23.2594 .001848 591 349281 24.3105 .001692
542 293764 23.2809 .001845 592 350464 24.3311 .001689
543 294849 23.3024 .001842 593 351649 24.3516 .001686
544 295936 23.3238 .001838 694 352836 24.3721 .001684
545 297025 23.3452 .001835 595 354025 24.3926 .001681

546 298116 23.3666 .001832 596 355216 24.4131 .001678
547 299209 23.3880 .001828 597 356409 24.4336 .001675
548 300304 23.4094 .001825 598 357604 24.4540 .001672
549 301401 23.4307 .001821 599 358801 24.4745 .001669
550 302500 23.4521 .001818 600 360000 24.4949 .001667
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601 361201 24.5153 .001664 651 423801 25.5147 .001536
602 362404 24.5357 .001661 652 425104 25.5343 .001534
603 363609 24.5561 .001658 653 426409 25.5539 .001531
604 364816 24.5764 .001656 654 427716 25.5734 .001529
605 366025 24.5967 .001653 655 429025 25.5930 .001527

606 367236 24.6171 .001650 656 430336 25.6125 .001524
607 368449 24.6374 .001647 657 431649 25.6320 .001522
608 369664 24.6577 .001645 658 432964 25.6515 .001520
609 370881 24.6779 .001642 659 434281 25.6710 .001517
610 372100 24.6982 .001639 660 435600 25.6905 .001515

611 373321 24.7184 .001637 661 436921 25.7099 .001513
612 374544 24.7386 .001634 662 438244 25.7294 .001511
613 375769 24.7588 .001631 663 439569 25.7488 .001508
614 376996 24.7790 .001629 664 440896 25.7682 .001506
615 378225 24.7992 .001626 665 442225 25.7876 .001504

616 379456 24.8193 .001623 666 443556 25.8070 .001502
617 380689 24.8395 .001621 667 444889 25.8263 .001499
618 381924 24.8596 .001618 668 446224 25.8457 .001497
619 383161 24.8797 .001616 669 447561 25.8650 .001495
620 384400 24.8998 .001613 670 448900 25.8844 .001493

621 385641 24.9199 .001610 671 450241 25.9037 .001490
622 386884 24.9399 .001608 672 451584 25.9230 .001488
623 388129 24.9600 .001605 673 452929 25.9422 .001486
624 389376 24.9800 .001603 674 454276 25.9615 .001484
625 390625 25.0000 .001600 675 455625 25.9808 .001481

626 391876 25.0200 .001597 676 456976 26.0000 .001479
627 393129 25.0400 .001595 677 458329 26.0192 .001477
628 394384 25.0599 .001592 678 459684 26.0384 .001475
629 395641 25.0799 .001590 679 461041 26.0576 .001473
630 396900 25.0998 .001587 680 462400 26.0768 .001471

631 398161 25.1197 .001585 681 463761 26.0960 .001468
632 399424 25.1396 .001582 682 465124 26.1151 .001466
633 400689 25.1595 .001580 683 466489 26.1343 .001464
634 401956 25.1794 .001577 684 467856 26.1534 .001462
635 403225 25.1992 .001575 685 469225 26.1725 .001460

636 404496 25.2190 .001572 686 470596 26.1916 .001458
637 405769 25.2389 .001570 687 471969 26.2107 .001456
638 407044 25.2587 .001567 688 473344 26.2298 .001453
639 408321 25.2784 .001565 689 474721 26.2488 .001451
640 409600 25.2982 .001563 690 476100 26.2679 .001449

641 410881 25.3180 .001560 691 477481 26.2869 .001447
642 412164 25.3377 .001558 692 478864 26.3059 .001445
643 413449 25.3574 .001555 693 480249 26.3249 .001443
644 414736 25.3772 .001553 694 481636 26.3439 .001441
645 416025 25.3969 .001550 695 483025 26.3629 .001439

646 417316 25.4165 .001548 696 484416 26.3818 .001437
647 418609 25.4362 .001546 697 485809 26.4008 .001435
648 419904 25.4558 .001543 698 487204 26.4197 .001433
649 421201 25.4755 .001541 699 488601 26.4386 .001431
650 422500 25.4951 .001538 700 490000 26.4575 .001429
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701 491401 26.4764 .001427 751 564001 27.4044 .001332
702 492804 26.4953 .001425 752 565504 27.4226 .001330
703 494209 26.5141 .001422 753 567009 27.4408 .001328704 495616 26.5330 .001420 754 568516 27.4591 .001326705 497025 26.5518 .001418 755 570025 27.4773 .001325
706 498436 26.5707 .001416 756 571536 27.4955 .001323
707 499849 26.5895 .001414 757 573049 27.5136 .001321
708 501264 26.6083 .001412 758 574564 27.5318 .001319
709 502681 26.6271 .001410 759 576081 27.5500 .001318710 504100 26.6458 .001408 760 577600 27.5681 .001316
711 505521 26.6646 .001406 761 579121 27.5862 .001314
712 506944 26.6833 .001404 762 580644 27.6043 .001312
713 508369 26.7021 .001403 763 582169 27.6225 .001311714 509796 26.7208 .001401 764 583696 27.6405 .001309
715 511225 26.7395 .001399 765 585225 27.6586 .001307

716 512656 26.7582 .001397 766 586756 27.6767 .001305717 514089 26.7769 .001395 767 588289 27.6948 .001304718 515524 26.7955 .001393 768 589824 27.7128 .001302719 516961 26.8142 .001391 769 591361 27.7308 .001300720 518400 26.8328 .001389 770 592900 27.7489 .001299
721 519841 26.8514 .001387 771 594441 27.7669 .001297
722 521284 26.8701 .001385 772 595984 27.7849 .001295
723 522729 26.8887 .001383 773 597529 27.8029 .001294
724 524176 26.9072 .001381 774 599076 27.8209 .001292
725 525625 26.9258 .001379 775 600625 27.8388 .001290
726 527076 26.9444 .001377 776 602176 27.8568 .001289727 528529 26.9629 .001376 777 603729 27.8747 .001287728 529984 26.9815 .001374 778 605284 27.8927 .001285729 531441 27.0000 .001372 779 606841 27.9106 .001284730 532900 27.0185 .001370 780 608400 27.9285 .001282
731 534361 27.0370 .001368 781 609961 27.9464 .001280732 535824 27.0555 .001366 782 611524 27.9643 .001279733 537289 27.0740 .001364 783 613089 27.9821 .001277734 538756 27.0924 .001362 784 614656 28.0000 .001276735 540225 27.1109 .001361 785 616225 28.0179 .001274
736 541696 27.1293 .001359 786 617796 28.0357 .001272737 543169 27.1477 .001357 787 619369 28.0535 .001271738 544644 27.1662 .001355 788 620944 28.0713 .001269739 546121 27.1846 .001353 789 622521 28.0891 .001267740 547600 27.2029 .001351 790 624100 28.1069 .001266
741 549081 27.2213 .001350 791 625681 28.1247 .001264742 550564 27.2397 .001348 792 627264 28.1425 .001263743 552049 27.2580 .001346 793 628849 28.1603 .001261744 553536 27.2764 .001344 794 630436 28.1780 .001259745 555025 27.2947 .001342 795 632025 28.1957 .001258
746 556516 27.3130 .001340 796 633616 28.2135 .001256747 558009 27.3313 .001339 797 635209 28.2312 .001255748 559504 27.3496 .001337 798 636804 28.2489 .001253749 561001 27.3679 .001335 799 638401 28.2666 .001252750 562500 27.3861 .001333 800 640000 28.2843 .001250
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T a b l e  o f  S q u a r e s ,  S q u a r e  R o o t s ,  a n d  R e c i p r o c a l s — 1 t o  1000.— (Continued)

Numbers Squares Square
roots

Recipro
cals Numbers Squares Square

roots
Recipro

cals

801 641601 28.3019 .001248 851 724201 29.1719 .001175
802 643204 28.3196 .001247 852 725904 29.1890 .001174
803 644809 28.3373 .001245 853 727609 29.2062 .001172
804 646416 28.3549 .001244 854 729316 29.2233 .001171
805 648025 28.3725 .001242 855 731025 29.2404 .001170

806 649636 28.3901 .001241 856 732736 29.2575 .001168
807 651249 28.4077 .001239 857 734449 29.2746 .001167
808 652864 28.4253 .001238 858 736164 29.2916 .001166
809 654481 28.4429 .001236 859 737881 29.3087 .001164
810 656100 28.4605 .001235 860 739600 29.3258 .001163

811 657721 28.4781 .001233 861 741321 29.3428 .001161
812 659344 28.4956 .001232 862 743044 29.3598 .001160
813 660969 28.5132 .001230 863 744769 29.3769 .001159
814 662596 28.5307 .001229 864 746496 29.3939 .001157
815 664225 28.5482 .001227 865 748225 29.4109 .001156

816 665856 28.5657 .001225 866 749956 29.4279 .001155
817 667489 28.5832 .001224 867 751689 29.4449 .001153
818 669124 28.6007 .001222 868 753424 29.4618 .001152
819 670761 28.6182 .001221 869 755161 29.4788 .001151
820 672400 28.6356 .001220 870 756900 29.4958 .001149

821 674041 28.6531 .001218 871 758641 29.5127 .001148
822 675684 28.6705 .001217 872 760384 29.5296 .001147
823 677329 28.6880 .001215 873 762129 29.5466 .001145
824 678976 28.7054 .001214 874 763876 29.5635 .001144
825 680625 28.7228 .001212 875 765625 29.5804 .001143

826 682276 28.7402 .001211 876 767376 29.5973 .001142
827 683929 28.7576 .001209 877 769129 29.6142 .001140
828 685584 28.7750 .001208 878 770884 29.6311 .001139
829 687241 28.7924 .001206 879 772641 29.6479 .001138
830 688900 28.8097 .001205 880 774400 29.6648 .001136

831 690561 28.8271 .001203 881 776161 29.6816 .001135
832 692224 28.8444 .001202 882 777924 29.6985 .001134
833 693889 28.8617 .001200 883 779689 29.7153 .001133
834 695556 28.8791 .001199 884 781456 29.7321 .001131
835 697225 28.8964 .001198 885 783225 29.7489 .001130

836 698896 28.9137 .001196 886 784996 29.7658 .001129
837 700569 28.9310 .001195 887 786769 29.7825 .001127
838 702244 28.9482 .001193 888 788544 29.7993 .001126
839 703921 28.9655 .001192 889 790321 29.8161 .001125
840 705600 28.9828 .001190 890 792100 29.8329 .001124

841 707281 29.0000 .001189 891 793881 29.8496 .001122
842 708964 29.0172 .001188 892 795664 29.8664 .001121
843 710649 29.0345 .001186 893 797449 29.8831 .001120
844 712336 29.0517 .001185 894 799236 29.8998 .001119
845 714025 29.0689 .001183 895 801025 29.9166 .001117

846 715716 29.0861 .001182 896 802816 29.9323 .001116
847 717409 29.1033 .001181 897 804609 29.9500 .001115
848 719104 29.1204 .001179 898 806404 29.9666 .001114
849 720801 29.1376 .001178 899 808201 29.9833 .001112
850 722500 29.1548 .001176 900 810000 30.0000 .001111

T a b le  o f  S q u a r e s , S q u a r e  R o o t s ,  a n d  R e c ip r o c a ls — 1 t o  1000.— (Concluded)
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Numbers Squares Square
roots

Recipro
cals Numbers Squares Square

roots
Recipro

cals

901 811801 30.0167 .001110 951 904401 30.8383 .001052
902 813604 30.0333 .001109 952 906304 30.8545 .001050
903 815409 30.0500 .001107 953 908209 30.8707 .001049
904 817216 30.0666 .001106 954 910116 30.8869 .001048
905 819025 30.0832 .001105 955 912025 30.9031 .001047

906 820836 30.0998 .001104 956 913936 30.9192 .001046
907 822649 30.1164 .001103 957 915849 30.9354 .001045
908 824464 30.1330 .001101 958 917764 30.9516 .001044
909 826281 30.1496 .001100 959 919681 30.9677 .001043
910 828100 30.1662 .001099 960 921600 30.9839 .001042

911 829921 30.1828 .001098 961 923521 31.0000 .001041
912 831744 30.1993 .001096 962 925444 31.0161 .001040
913 833569 30.2159 .001095 963 927369 31.0322 .001038
914 835396 30.2324 .001094 964 929296 31.0483 .001037
915 837225 30.2490 .001093 965 931225 31.0644 .001036

916 839056 30.2655 .001092 966 933156 31.0805 .001035
917 840889 30.2820 .001091 967 935089 31.0966 .001034
918 842724 30.2985 .001089 968 937024 31.1127 .001033
919 844561 30.3150 .001088 969 938961 31.1288 .001032
920 846400 30.3315 .001087 970 940900 31.1448 .001031

921 848241 30.3480 .001086 971 942841 31.1609 .001030
922 850084 30.3645 .001085 972 944784 31.1769 .001029
923 851929 30.3809 .001083 973 946729 31.1929 .001028
924 853776 30.3974 .001082 974 948676 31.2090 .001027
925 855625 30.4138 .001081 975 950625 31.2250 .001026

926 857476 30.4302 .001080 976 952576 31.2410 .001025
927 859329 30.4467 .001079 977 954529 31.2570 .001024
928 861184 30.4631 .001078 978 956484 31.2730 .001022
929 863041 30.4795 .001076 979 958441 31.2890 .001021
930 864900 30.4959 .001075 980 960400 31.3050 .001020

931 866761 30.5123 .001074 981 962361 31.3209 .001019
932 868624 30.5287 .001073 982 964324 31.3369 .001018
933 870489 30.5450 .001072 983 966289 31.3528 .001017
934 872356 30.5614 .001071 984 968256 31.3688 .001016
935 874225 30.5778 .001070 985 970225 31.3847 .001015

936 876096 30.5941 .001068 986 972196 31.4006 .001014
937 877969 30.6105 .001067 987 974169 31.4166 .001013
938 879844 30.6268 .001066 988 976144 31.4325 .001012
939 881721 30.6431 .001065 989 978121 31.4484 .001011
940 883600 30.6594 .001064 990 980100 31.4643 .001010

941 885481 30.6757 .001063 991 982081 31.4802 .001009
942 887364 30.6920 .001062 992 984064 31.4960 .001008
943 889249 30.7083 .001060 993 986049 31.5119 .001007
944 891136 30.7246 .001059 994 988036 31.5278 .001006
945 893025 30.7409 .001058 995 990025 31.5436 .001005

946 894916 30.7571 .001057 996 992016 31.5595 .001004
947 896809 30.7734 .001056 997 994009 31.5753 .001003
948 898704 30.7896 .001055 998 996004 31.5911 .001002
949 900601 30.8058 .001054 999 998001 31.6070 .001001
950 902500 30.8221 .001053 1000 1000000 31.6228 .001000
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A

Abscissas, axis of, 97n.
Accounts, statistics and, 617-618 
Accuracy, 19 

in tabulation , 70 
Adding machines, Burroughs, 652 

Remington Rand, 652 
Sundstrand, 652 

Adequacy or representativeness, 18-19 
of sample, 24-25 

Aggregates, comparison of, 91 
Alford, L. T „  454n.
Alphabetic printing punch, 650 

45-and-90 column, 650 
American R adiator and S tandard Sani

ta ry  Corporation, 3 
American Telephone and Telegraph Com

pany, 3
Analyses, of economic conditions in 

budgeting, 417-418 
general and special conditions, fore

casting and, 375-379 
historical, of past conditions, 372 
of investm ent, 557-593 
m arketing (see M arketing analysis) 
of sales, 5-6, 507 
statistical, 361-362 
use of charts in, 76-77 
(See also Forecasting)

Annalist, The, 393
Arithmetic average or mean, 165-170 

com putation of, 166-169 
of extremes, 170 
nature and significance of, 169 
weighted, 168 

Arithmetic charts, 106-107 
Arithmetic progression, 11 In.
Arner, G. B. L., 532».
Assembling and presenting data , 45-46, 

62
Associated characteristics, analysis of, 

244-267

Atlas of Wholesale Grocery Trading 
Areas, 499 

Automobile registrations, m aps of, 162 
Averages, 164-181 

arithm etic, or arithm etic mean, 165- 
170

bond prices, 183 
geometric, 166

com putation of, 176-177 
significance and  use of, 177-178 

harmonic, 166
measuring data , m ethods of

dispersion, variation, and skewness, 
164

index num bers, 164 
quartiles, deciles, and percentiles, 

164 
median, 165

com putation of, 172-173 
determ ination of, from frequency 

curve, 179-181 
location of, w ithin class interval, 

173-174 
use of, 175-176 

mbdal, or mode, 165 
mode, com putation of, 170-172

determ ination of, from ' frequency 
curve, 179-180 

interpolating for, 171n. 
significance of, 171-172 

quartiles, deciles and  percentiles, 178- 
179

determ ination of, from frequency 
curves, 179-181 

sum m ary of, 181 
weighted, 168, 194, 198 

Ayres, Leonard P., 630n., 719».

B

Babcock, Frederick M., 549«.
Babcock, George D., 454».
Babson’s Reports, 379, 382, 384-387
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Babson’s Reports, Babsonchart of Busi
ness Conditions, 385 

Babson’s Statistical Organization, 42, 568 
Banking, business forecasting in, 598 

investm ent analysis in, 599-600 
m arketing analysis in, 598-599 
population and purchasing-power sta

tistics in, 598 
production and labor statistics in, 598 
real estate analysis in, 599 
statistics in, 6-7, 595-611 
surveys of, 686-687 

Banks, analysis over period of time, 609 
borrowers from, information required 

from, 601-602 
statem ents, analysis of, 602-604 

clearing-house associations, 39 
clearings, 18
credit analysis of, 600-601 
deposits, 607-608 
fixed assets, 609
interest in custom ers’ success, 596 
investm ents, 608 
letters, 609 

forecasts, 392-393 
line of credit of, 600 
loans and  discounts, 608 
obligation of, 596-597 
rediscounts and bills payable, 609 
reserve, 606-607 
statem ent, analyzing, 604^605

N ational C ity Bank of New York, 
605-606 

statistical work, 595-612 
scope of, 595-596 

Bar charts (see Charts)
Bar designations, 84-85 
Barber, Joseph H., 397«.
Barometers, business, 373 
Barron’s, 393 
B arth prem ium plan, 485 
Basic or long-time trend, 275-277 
“ B elt” charts, 108-109 
B etter Business Bureau, 36 
Bigelow, Carle M., 488«.
Binomial triangle, 232-233 
Bliss, J. H ., 621«.
Bogus statistics, 35 
Bonds, analysis of, 560-561, 568 

corporation, 564 
indexes of, 210 
municipal, 563

Bonds, prices, 183 
sta te , 563 
types of, 561-562
U nited S tates and other Government, 

562-563 
(See also Investm ent analysis)

Boston News Bureau, 568 
B radstreet’s index num ber, 191«.
Broken curves, 102-104 
Brookmire Economic Service, 42, 379- 

383, 568
Panoram a chart of Business conditions, 

383
Brown, Donaldson, 404«.
Bruere, H enry, 512«.
Budgeting, 408-426 

business, defined, 408-409 
executive control, aid to, 426 
in merchandising companies, “ open-to- 

b u y ” allotm ents, 422 
purchases in, 422 

parts of, 410-411 
expense budget, 423 
financial budget, 424-426 
plant-requirem ents, 423-424 
production budget, 410, 418-420 

labor, 421
m anufacturing expenses, or over

head, 421-422 
materials, 420-421 
sum m ary of results of, 422 

sales budget, 410-411
economic conditions in, analyses 

of, 417-418 
lim itations of business enterprise 

and, 418 
period of, 412-414 
preparation of, da ta  used in, 414- 

415
m arket surveys in forecasting 

sales, 415-417 
preparing and  operating, 409-410 
statistical departm ent, relation to, 

426
Burroughs adding machine, 652 
Burroughs calculator, 653 
Bush, Ada Lillian, 671«.
Business, tim e series in (See Time series) 
Business barom eters, 373 
Business cycles, 275, 279 

and building cycles, indexes, 719-722 
control of, 334-335
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Business cycles, and erratic movements, 
330-355

business curves, composite, construc
tion  of, 345-346 

business index, arithm etic straight- 
line trend, 349-350 

business conditions, index of, 354 
com pound-interest trend, 351 
com putation of, 346-355 
seasonal variation, 352 

tren d  and, “ elimination ” of, 353 
erratic m ovem ents, 335 
forecasting in  term s of standard  

deviations from norm al, 343 
irregular residuals, 343-344

moving average, elim inating fluc
tuations by, 344 

trend  and  seasonal variation in corre
lation, analysis, correcting for, 
341-342 

“ general,” 332
m ajor and minor, length of, 332-333 
m arketing and, 513-516 
m easurem ents, 335-336

cyclical relationships between differ
en t seasons, 339 

from  norm al, 336
average and  standard  deviation, 

340-341 
com puting deviations, 336-339 
graph, 337 

phases in, 330-332
index of, compared w ith index of 

building cycles, 331 
psychology of, 333-334 

“ Business Cycles and U nem ploym ent,” 
516«.

Business forecasting, 3-4 
business barom eters, 373 
in business statistics, 365-366 
external, 3 
by  industries, 394 
internal, 3 

planning of, 405 
local, 393-394 

population and office space, relations 
between, 370 

practical example of, 368-372 
regional, and  national points of 

view, 366-368 
(,See also Forecasting)

Business research, university bureaus of,
42

Buying habits of local consumers, 681 

C

Calculator, Burroughs, 653 
comptometer, 653 
M archant, 654 
Monroe, 654 

California S tate Cham ber of Commerce,
39

California and H awaiian Sugar Refining 
Corporation, 411 

Call money rates, New York Stock Ex
change, 216 

Captions or colum nar headings, 65 
Carli, 184
Census, Bureau of (see U nited States 

Bureau of th e  Census)
Census, population, 1930, 636-637 

trac t, 51«., 53, 539 
Chaddock, R. E ., 265«.
Chambers of commerce, 39 
Chance, law  of, 231-232

coin tossing, 231-232, 234 
Chance phenomena, im portance of dis

tinguishing, 229 
Change, rates of, 109 
C harting, accuracy in, 79 
C harts, aggregates, comparison of, 91 

analysis, use in, 76-77 
arithm etic, common u n it necessary, 

106-107 
bar, 104
bar-chart scales and b a r designations, 

84
“ belt,” 108
common un it, necessity for, 90 
for comparing groups, 88-90 j
com ponent bars, 92-93 
com ponent parts , comparison of, 90- 

93
cum ulative and  non-cum ulative series, 

120-121 
curve, checking list for, 122 
of gains and  losses, 87 
general appearance and  proportions, 

80-81
horizontal and  vertical-bar, 83-85 
kinds of, 81
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C harts, logarithmic, comparing, 118 
order of items on, 88 
pictorial, 82-83 
pie, 90-93 
planning, 78 
scale units, 86-87 
size, checking list for, 93-95 
slopes of curves, meaning of, 115-116 
sum m ary of rules for, 123-125 
tabulating  da ta  on, 88 
tim e (see Time charts) 
use in analysis, 76-77

(See also Curves; Graphic methods) 
working, titles of, 80 

Chawner, Lowell J., 721».
Checking list for curve charts, 122 

statistical, 364-365 
Cherington, Paul T., 497».
Clark, Wallace, 462»., 467, 468». 
Classification, 49 

final, 50
Clearing-house associations, bank, 39 
Clearings, bank, 18
Cleveland T rust Company, Business 

Bulletin, 392, 609 
Index of General Business Activity, 

719
Code cards, 54-55
Coded records, punching from, 59-60 
Coding, 58 

instructions, 58-59 
Coefficients, of correlation, 241, 262, 264- 

267
of dispersion (see Dispersion) 
of probable error, 241 
of variation , 221-222 

Coin tossing, actual and theoretical dis
tributions of, 233-234 

example of, 231-232 
table, 234 

Collection of da ta  (see D ata)
Colum nar headings or captions, 65 
Commercial and Financial Chronicle, 393, 

568
Commercial surveys (see Surveys, indus

tria l and commercial)
Commercial and trade  association re

ports, 38-40 
Common stocks, range of three, 568 
Common un it on charts, 86-87, 90, 117 
Comparing m any curves, 107-108 
Compasses, 662-663

Component bars, 92 
Component parts, comparison of, 90-93 
Components of tim e variables, 108-109 
Com pound-interest trend, 351 
Com ptroller’s reports, 618-619 
“ Consumer M arket D ata  H andbook of 

the U nited S tates,” 446 
Coonley, H oward, 396».
Coordinate lines and curves, 101-102 
Copeland, M. T., 10».
Corporation bonds, 564 
Correlation, building in seven sections of 

U nited States, 257 
coefficient of, 241

determ ination of lag by, 265 
in terpre tation  of, 264 
lim itations of, 266-267 
Pearsonian, 261-263 
probable error of, 241, 262 

comparison, 261 
definition of, 244-245 
degree and type of, 253 

scatter diagrams, 254 
graphic and tabular, 252 
of historical curves, 255-256 

tables, 255-256 
lag, graphic determ ination of, 256-258 

“ scatter diagram s,”  258 
logical analysis of associated char

acteristics, 249-250 
m athem atical m easurem ent of, 261-

262
multiple and partial, 264-265 
m utually  reactive series in, 250-252 
Pearsonian coefficient of, 261-263 
sca tter diagram , 252-260 

estim ating from, 258-260 
“ line of best f it”  (“ regression 

lines” ), 252-253 
“ line of regression,”  259». 
“ regression coefficient,” 259» 
variables, dependent, 260«. 

independent, 260». 
table, 254
of tim e series, correcting for price 

changes in, 257-258 
types of, 246-249, 253 
variables (see Variables)

Correlation curves, 121-122 
Cowden, D udley J., 265».
Cox, Garfield V., 373»., 387».-388»., 

391».
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C rain’s “ Industrial M arketing,” 41 
Crowder, W alter F., 265».
Crowell Publishing Company, 445, 504 
Croxton, Frederick E ., 265».
Crum, W. L., 9n., 265».
Cumulative curve, 103 
Cum ulative and  non-cum ulative series, 

120-121

Curtis Publishing Company, 445, 504 
Curve charts, checking list for, 122 
Curves, arithm etic, 116 

checking list for, 122 
comparing m any, 107-108 
coordinate, 101-102 
correlation, 121-122 
cumulative, 103
differentiating and designating, 107 
free-hand, tim e series, 307-309 
French or irregular, 661 
frequency (see Frequency curves) 
historical, 245-246 
logarithm ic, 109-110, 116 

scales for, 110-115 
shifting, 118 

non-cum ulative, 103 
norm al (see N orm al curve) 
slopes of, 115-116 
smoothed, broken, and step, 102 

C utts, Jesse M., 207».
Cycles, business (see Business cycles) 

real estate (see Real estate)

D

D ata, collection of, 14-32 
forms for recording, 26 

m aster working table, 52 
homogeneity or uniform ity of, 18 
prim ary sources of, 14-32 
for reports to  executives, 625-628 
sampling of (see Sampling) 
secondary sources, 20, 34-46 
statistical units, 16-18 

Davies, George R., 265».
Day, E dm und E., 69»., 264»., 265». 
Deciles, 164, 178-181 
Definitions of units, 65-66 
D em and conditions, 494 
De Moivre, 230 
Dennis, Samuel J., 207».
Dennison M anufacturing Company, 3 
Denver Real Estate Exchange, 547

Dependent variable, 97».
D eute, A. H., 506».
D eviation, standard , 215, 219-221 

com putation of, 220-221 
formula, 220
root-mean-square, 219-220 
significance of, 222-224 
standard  error of estim ate, 219»., 

220»., 241 
tim e series reduction, to  term s of, 224 

Dewing, A rthur Stone, 581». 
D ifferentiating and  designating curves, 

107
Dispersion and skewness, 164, 215-226 

average deviation, 215, 217-218 
com putation of, 218-219 
formula, 219 

coefficients of (coefficients of vari
ation), 221 

formula, 221-222 
deviation (see D eviation) 
measures of, 215 
quartile deviation, 215, 217 
range, 215-217 

sem i-interquartile, 217 
skewness, 225-226 

D istributions, statistical, 132-163 
according to  kind, 132 
array , in  order of size, 132-133 

variables, 133»., 135 
varia te  values, 133». 

class intervals, 134-141 
classification by, 138-139 
determining, 140-141 
range, lim its and  m id-points, 139- 

140
frequency, 133-152, 226, 233-237 

class intervals, uniform and non- 
uniform , 145-146 

open-end tab le , 146 
comparing, 149-151 
cum ulative, 146-149 
curve, 137-152, 226, 235, 239 
graph, 137 
percentage, 149 
types of, 144-145 

geographical or spatial, 152-155 
m aps, 153-155 

historical, 155-157
contracts, construction, graph, 156 

series, continuous, 135-136 
non-continuous, 136-137
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Dividers, 662-665
Dow, Jones and Company, averages, 

568-570 
of bond prices, 210 
of stock prices, 210 

D rawing, and  lettering, 77-78
statistical (see Statistical drawing and 

lettering)
Drawing boards, 660 
D un and  B radstreet, Inc., 208 

D un’s Review, 393 
Index num ber, 191«.

Duning, Raym ond W., 602«., 608«.

E

“ Economic F luctuations,” Review of 
Economic Statistics, 330n.

Economic and statistical services, 41-42 
Economic service, forecasts, 394-395 

practical use of, 395-397 
rigid devices and systems, m inor im

portance of, 392 
Editing th e  returns, 48 
Ely, R ichard T ., 526»., 528».
Em m et, Boris, 412».
Em ploym ent and  wages, indexes of, 210 
Engineering News-Record, index of con

struction costs, 209 
Enum erators, field, checking, 29 

instructions to , 27-29 
schedules for, 26-32, 637-638 

Estim ation and  indirect sources, 45 
Executive control and m anagem ent sta

tistics, 613-632 
control, centralization of, 625 
cooperation necessary, 630-631 
operating departm ent, reports of, 619- 

620
organization, internal, chart of, 615 

departm ent organization, 614 
functional organization, 614 
line, 614
line-and-staff, 614 
relation of chief executive to, 616- 

617
statistical, 613-614, 623-625 

planned operations contrasted with 
actual performance, 620-621 

standards of performance, actual re
sults compared w ith, 621-622 

statistical control, 613-614, 623-625

Executive control and m anagem ent sta
tistics, statistical departm ent, rela
tion to  m anagem ent, 628-630 

sta tistical organization, 623-625 
Executives, chief, com ptroller’s report 

for, 618-619 
routing of reports for, 625-628 

and  external statistics, 622-623 
and  in ternal organization, 616-617 
higher, operating departm ent’s re

ports for, 619-620 
power, m ultiplying, 631-632 

Ezekiel, Mordecai, 265».

F

Factories, location of, 454 
Fairchild Publications, index, 208 
Favorable facts, tendency to  show only, 

34-35
Federal Reserve Board, industrial index, 

209
Federal Reserve Bulletin, 37, 610 
S tatistical work of, 610-611 

Federal T rade Commission, 36 
Feiker, F . M., 10«.
Field enum erators (see Enum erators, 

field)
Field investigations, 507-509 
Financial magazines, 393 
Fire insurance, 229 
Fisher, Arne, 231«.
Fisher’s index, 199, 207 
Footnotes and references, 69 
Ford, H enry, 271».
Forecasting, business (see Business fore

casting)
in business statistics, predom inance of, 

365-366 
economic service, 394-397 
general and special conditions, 375-379 
by  industries, 394 
m ethods, 372-373

cross-section analysis of current 
situations, 372 

historical analysis of past conditions, 
372

m athem atical, 362-363, 373-375 
projection, 373-375 
too highly refined, 363 

objects of, 360-361 
services, 379-394
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Forecasting, stock m arket, 375 
Form al presentation of data , 62 
Forms for recording data , 26 

printed, 78 
Fredericks, J. G., 10».
Free-hand curves as trends, 308, 393 
French, Thom as E., 659»., 668 
French or irregular curves, 661 
Frequency, norm al, law of, 234-236 
Frequency curves, 121-122 

comparing, 149-151 
cum ulative, 146-149 

graph, 151
“ ogive” or “ S-curve,”  147 

norm al, 144 
smoothing of, 141-144 

column diagram , 141-142 
frequency polygon, 141-142 
sampling, 142-143 

Frequency distribution (see D istribution)

G

Gains and  losses, charts of, 87-88 . 
G an tt chart, production, 461-465 
G an tt task  and bonus plan, 486-487 
Gardiner, J. H., 518».
Gas, natural, production in U. S., 13 
Gauss-Laplace curve, 230 
General M otors Corporation, 272-273 

Divisional Index, 402-404 
Purchasing-power Index, 446-450 

Geometric average, 166 
Geometric progression, 111».
Gilbreth, F rank  B., 478».
Gilbreth, L. M., 477«.-478«.
Goldenweiser, E. A., 607».
Goodyear Tire and Rubber Company, 

271
Graphic m ethods, 76-125 

charting, accuracy in, 79 
title, 79-80 

charts (see C harts; Curves; Time 
charts)

drawing and lettering, 77-78 
forms, printed, 78 
im portance of, 77 
maps, statistical, 122 
sum m ary of rules for, 123-125 

G raybar Electric Company, 516-518

H

Halsey prem ium plan, 485 
H and tabulation, 50-53 

and machine, 50-51, 53-60 
H aney, Lewis H., 373«.
H ardy, Charles O., 373»., 388». 
H armonic average, 166 
Haskell, Allan C., 304»., 306».
H arvard Economic Society, 376-377 
H arvard Index of General Business Con

ditions, 377 
H arvard  M onthly Index chart of econo

mic conditions, 376-378 
H arvard  Review of Economic Statistics, 

376
Hazen, Allen, 302».
H istorical curves, 245 
“ H ollerith” machines, 54 
Homogeneity or uniform ity, 18 
H orizontal and vertical-bar charts, 83-84 
Horizontal scale on tim e charts, 99-101

I

I.B .M . sorting and tabu lating  equipm ent,
53, 647-653 

Increm ent, annual and  m onthly, 299 
Independent variable, 97».
Index, advertising, Printers’ Ink , 209 

Babsonchart, 385 
bond prices, 210 
Brookmire panoram a chart, 383 
building cycles, 1830-1837. 331 533 

720-722 
business, 346 
business conditions, 354 
business cycles and building cycles, 

331, 719-722 
Cleveland T ru st Company, General 

Business A ctivity, 719 
construction costs, Engineering News- 

Record, 209 
cost of living, N ational Industrial Con

ference Board, 209 
departm ent store sales, Federal Re

serve Board, 209 
dem and 494 
dividend paym ents, 210 
em ploym ent and wages, United States 

Bureau of Labor Statistics, 210 
Fairchild’s, 208
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Index, General M otors Divisional, 402-404 
H arvard  Index C hart, business con

ditions, 377 
economic conditions, 376-378 

industrial, Federal Reserve Board, 209 
industrial corporation profits, 210 
living costs, 677-678 
M oody’s, M onthly Business A ctivity,

390
purchasing-power, General Motors, 

446-450 
Real E sta te  A nalyst’s, 533 
retail price, 207 
seasonal, 325-327 
security price, 570
S tandard ’s industrial production, 389 
stock prices, Dow, Jones and  Com

pany, 210 
New York Times, 210, 571 

wholesale food prices, D un and Brad- 
street, 208 

world price, 209 
Index num bers, 164, 184-210

average, arithm etic, complete, 203 
quantity-w eighted, 205 
weighted, 203 

B radstreet’s, 191 
definition of, 186 
Fisher’s, 199
m ethods of calculating, 188 
misapplication of, 206-207 
percentage relatives, 191-194 

and  da ta  compared, 192 
price, 208 
published, 207 
purpose of, 184 
retail price, 208
selection and  construction of, 187-188 
unweighted aggregative, 189-190 
unw eighted arithm etic mean of rela

tives, 194-195 
unweighted geometric mean of rela

tives, 196-197 
unweighted m edian of relatives, 195- 

196
use of, in  business, 186-187 
value-weighted, 205 
weighted aggregative, 190-191 
weighted arithm etic mean of relatives,

197-198
weighted geometric mean of relatives,

198-199

Index num bers, weighting, common errors 
and  difficulties in, 203 

general problem of, 203-206 
m ethods of, 200-201 
na tu re  and purpose of, 200 

weights, base period for, 201-203 
m onetary  value, 201 
quan tity , 205 
value, 205-206 

wholesale price, 207-208 
graphs, 185 

Industrial corporation profits, S tandard 
Statistics Co., Inc., index of, 210 

Industrial surveys (see Surveys, industrial 
and commercial)

Ink  and inking, 663-664 
Instructions to  enum erators, 28-29 
Instrum ents, drawing, list of, 659 
Insurance, fire, 229 

surveys of, 686-687 
In ternational Business M achines Cor

poration, 53, 649 
In ternational H arvester Company, 6 
In ternational M agazine Company, 445- 

446, 504 
Investigation, planning, 16 
Investing, in relation to  long-time or 

cyclical swings, 568-570 
Investm ent analysis, 557-593 

bonds, 563-564
types of investm ents, 561-562 
U nited States and  other governm ent, 

562-563 
common stocks, range of, 568 
distinction between investm ent and 

speculation, 559 
diversification of investm ents, 592-593 
investigating business concerns, 572- 

593
analyses of financial statem ents, 

577-578
bond and stock prices, indexes of, 

1900-1937, 590 
capital structure and ownership, 

576
checking up  on the management, 

574-575
common-basis statem ent, 578-579 
earnings, bond yields, computation 

of, 591
ratios of stock prices to , 588 
reality of, 584-587

I N D E X 781

Investm ent analysis, investigating busi
ness concerns, earnings, records, 
581

stock and bond prices in relation 
to, 587-591 

factors in, location of enterprise, 574 
nature of industry, 572-574 

growth of an  enterprise, 576-577 
investm ent values, tabulation for 

studying, 582 
m arkets for concern’s products, 575- 

576
pi'incipal and income, safety of, 592 
ratios, use of, in  analyzing s ta te

m ents, 579-581 
opportunities in  investm ent, 557-558 
place of statistics in, 558-559 
preferred and common stocks, 564-565 
real estate and real estate mortgages, 

566-567
relation of investor to  investm ent, 559- 

560
securities, active listed, 567 

price indexes, 570 
statistics in, 7-8 
stock m arket, 1897-1937, 569 
stocks and bonds, 560-561 

da ta  on, sources of, 568 
forms of stock capitalization, 565- 

566
Investors Guide Stock Reports, 589 

J

Jerome, H arry, 231»., 235n.
Job standardization, 469-470

K

K ansas C ity occupancy survey, 638 
K arsten, K arl G., 305».-306n.
Kendall, M. G., 145»., 234 
Key punch, 55 

electric, 650
motor-drive duplicating, 650 

Knickerbocker T rust Company, 271 
Kuznets, Simon S., 302«.

L

Labor statistics, 453-491 
factory location, 454 
production control, 454-455

Labor statistics, and surveys, 674-675 
turnover, 489-490

{See also Production and labor 
statistics)

Lag, graphic determ ination of, 256-258 
Land, and building vacancy statistics, 

536-537 
site, speculation, 529-530 
utilization, ripening costs in, 528 

Law of norm al frequency, 234-236 
Lazarus, A rthur, 512».
Least squares, “ line of best fit,” 297 

method of, 297-300 
Lettering, 77-78, 665-670 

free-hand, 667-669 
general proportions of letters, 667 
instrum ents, 665-667 

pens, 665-666 
title, 64 

Letters, capitals, 669 
inclined, 669 
vertical, 669 

lower case, 669 
inclined, 669 
vertical, 669 

printed titles, pasting on, 669-670 
spacing, 669 
typew riter, 670 

“ Line of best fit,” 297 
“ Line of regression,” 252»., 259». 
Location problems, 2 
Logarithmic charts, comparing, 118 

slopes of curves of, 115-116 
Logarithmic curves, 109-110 

scales for, 110-115 
shifting, 118 

Logarithmic paper, 112 
Logarithms, 723-747 

com putation by, 725-728 
interpolation, 725 
table of, 729-747 

Logistic curve, 276
(See also S-curves)

Los Angeles C ham ber of Commerce 
Bulletin 104, 35n.

Lumber, production of, table, 211

M

M cG rath, K enneth, 422».
Machine burden records, 465-468
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Machine tabulation , occupancy survey 
example, 53-57 

sales record example, 56-62 
coding, 58 

instructions, 58-59 
data , formal presentation of, 62 

sorting and tabulating , 60-62 
tex tual presentation, 62 

over-punching, 59». 
punching from coded records, 59-60 
table, 56 

Magazines, financial, 393 
M anufacturing, expenses, 421-422 

statistics in, 4-5 
Maps, 153-155 

autom obile registrations, 1937, 162 
cross-hatched, 155 
density, 154 
population data , 161 
statistical, 122 

M archant calculator, 654 
Market Guide, 447 • 
M arket Research Sources, 36«.
M arket surveys, 415-417 
M arketing, statistics in, 5-6 
M arketing analysis, 492-522 

advertising, statistics in, 502-504 
consumer, point of view of, 499-500 
consumer m arket da ta  handbook, 497- 

499
dem and and supply m easurem ent, 

493
dem and conditions, 494 

indexes, 494 
supply conditions, competition, 

na tu re  and extent of, 494-495 
field investigations, prim ary forecast

ing data , 507-509 
questionnaire, sales-estim ate, 508 

fitting th e  product to  th e  m arket, 
500-502 

questionnaire, 501 
forecasting data , collecting, 509-512 
forecasting sales, 507 
m arket areas and sales territories, 

determ ination of, 495-497 
m arket trends, 512
m arketing and  the  business cycle, 513- 

516
cancellation of orders, 515 
delay in deliveries, 515-516 

prelim inary study of, 493

M arketing analysis, price situation, 516- 
518

prospects, selection of, 519-522 
questionnaire for, 505 
random  m ovem ents in, 516 
retail trad e  areas, 497 
sales m anagem ent statistics, 504-507 
seasonal variation, 512-513 
stores, locating, 518-519 
transportation  tim e and cost, 518 

M assachusetts D epartm ent of Labor, 38 
M aster working table, 52 
M atson, Clarence H., 35».
M ean, norm al curve of, 241 

probable error of, 230-238 
significance of, 242-243 

M echanical aids in statistical work, 647- 
657

alphabetic printing punch,- 650 
45- and 90-column, 650 

Burroughs adding machine, 652 
Burroughs calculator, 653 
calculator, comptometer, 653 
counting devices, 647 
electric key punch, 650
I.B .M . sorting machine, 651
I.B .M . tabu lator, 651 
M archant calculator, 654 
Monroe calculator, 654 
motor-drive duplicating key punch, 650 
Powers sorting machine, 651 
Powers 45- and  90-column tabulator, 

651
punch cards, examples of, 648 
Remington R and adding machine, 652 
slide rule, 655-657 

operating, 655-656 
sorting and  tabu lating  machine, 647- 

653
Sundstrand adding machine, 652 
tabu lating  cards, examples of, 648 
tallying machine, 647 

M erchandising companies, budgeting in, 
422

Merrick, D. V., 474»., 479n., 481». 
M ethods, statistical, technical, value of, 

8-10
Mills, F . C., 188»., 213»., 220»., 230, 

265»., 306».
Minerals Yearbook, 43 
Monroe calculator, 654 
Monthly Labor Review, 207, 490
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Moody’s Investors Service, 42, 379, 389-
391

index of dividend paym ents, 210 
M oody’s Index of M onthly Business 

A ctivity, 390 
M oody’s M anual, 568 

Morehouse, Edw ard W., 526»., 528». 
Mortgages, real estate, 566-567 
M otor vehicle registrations, m ap, 162 
M unicipal bonds, 563-564

N

N ational Bureau of Economic Research, 
41

N ational C ity  Bank of New York, 605- 
606, 609 

Economic Conditions, 392 
m onthly  letter, 609 

N ational Conference on Construction, 
27, 52, 537».

N ational Cordage Company, 270 
N ational Industria l Conference Board, 

cost of living index, 209 
N atu ral gas, production of, in U.S., 13 
New York, Industria l Commission of, 38 
New York Stock Exchange, 567 

call money rates, 216 
New York Times, index of stock prices, 

210, 571
“ range” of call money rates, 1920-

1937, 216
“ range of stock prices, 1920-1937, 216 
Weekly Index, 393 

N ewsprint Service Bureau, 105 
Non-cumulative and cum ulative series, 

120-121 
N on-cum ulative curve, 103 
“ N orm al” in business statistics, measur

ing of, 278-279 
Normal curve, 230-237 

properties of, 236 
N orm al curve of error, 230, 238 
N orm al error, probable, 237-241 

of a  distribution, 237, 241 
standard, 241-242

of the  coefficient of correlation, 241 
of th e  means, 241-242 
significance of, 242-243 

N ormal frequency, law of, 234-236 
law of chance distributions, 235 
variate values, 235

N orm al frequency curve, 230 
N orm al probability curve, properties of, 

236-237

O

Occupancy survey, 26-27, 536-549 
area, to be included, 539 

of “ census tra c t,” 539 
buildings under construction, 543 
classification by  types of structures, 

540
comm ittee, organizing, 537 
data , analyzing, 546-549 

compilation and tabu la tion  of, 546 
gathering, 545-546 

d ate  of, 539-540 
doubling up, 543 
field schedule form, 546, 638 
financing, 537-538 
occupied and v acan t units, 543 
planning of, 537
term s, definition and  simplification of, 

544
for types of dwellings, 540-543 

un it of m easurem ent, 538-539 
Office space, population and, 370
Oil, production of, in U.S., 12 
Operation study, m ethods of, allowances, 

in standard  task , 479-481 
base tim e, 473-477 
continuous tim ing, 473 
discontinuous timing, 473 

micromotion method, 477 
cyclograph, 478-479 
“ sino-chart,” 478 
“ therblings,” 478 

motion studies, 471-472 
over-all tim ing, 472 
production in, 469, 481 
repetition timing, 472 
stop-w atch m ethod, 470-472 

Optical illusions, 665 
Original sources, im portance of, 36

P

Paper, logarithmic, 112 
Parabola, 306».

second-degree, 297».
Pascal’s arithm etical triangle, 232 
P atton , A. C., 265».
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Pearl, Raym ond, 302«.
Pearson, F rank  A., 536»., 722». 
Pearsonian coefficient of correlation, 261—

263 
Pencils, 600
Percentage relatives, 99»., 118-119 

calculation of, 192-193 
comparison of, 118-120 

Percentiles, 164, 178-181 
Perfection Stove Company, 416, 510 
Persons, W arren M., 264»., 302«., 394«.. 
P etty , Sir James, 431 
Pinkerton, Paul W., 420?».
Planning chart, 78 
Planning investigation, 16 
Poisson exponential function, 22».
Poor’s M anual, 568 
Pope M anufacturing Company, 270 
Population, census, 1930, 636-637 

classes and types, 430 
data , census tracts, 429«. 

salesmen’s territories, 429 
sources of, 431 
uses of, 428-430 

estim ates, 431 
based on building perm it da ta , 436- 

440
based on C ity D irectory, 440 
based on a  house count, 441-442 
based on projection of rate of 

growth, 432 
based on school da ta , 440-441 
based on telephones, gas and  electric 

services, 441 
based on w ater services, 433-436 
sem iannual, quarterly  and monthly 

estim ates, 442 
non-perm anent, estim ating, 442-443 
and office space, 370 
perm anent and non-perm anent, 430 
and  purchasing power, 428-452 

Potential series, 306».
Powers sorting and tabulating  equipment,

54, 647-653 
Prescott, Roy B., 375«.
Presentation of data , 45-46, 62 
Price indexes, retail, 207 

security, 570 
Prices, index numbers, 208 

m arket analysis and, 516-518 
retail, index numbers, 208

Prim ary d a ta , collection of, 14-32 
and secondary data , 20, 34-46 

Printers’ In k  advertising index, 209 
Private  organization statistical reports,

41
Probability , 231 

law of chance, 231
coin tossing, 231-232, 234 

ratio  of, 231 
Probable error, 237-243 

of the  coefficient of correlation, 241 
of a distribution, 237-241 
of th e  m ean, 241 
sampling, 237 
significance of, 242-243 
of th e  standard  deviation, 241 

Production, accident statistics, 490 
attendance and  absenteeism, 490 
budget, 410, 418-422 
control of m aterial, 459-460 
control of quality, 468-469 
current wage and  cost-of-living data , 

490-491 
dispatching, 468 
G an tt C hart, 461-465 
job standardization, 469-470 
and  labor statistics, 453-491 
machine burden records, 465-468 
operation study  (see Operation study) 
purchasing and stock records, 457-459 

stock record sheet, 458 
ra te  setting, 469 
routing, 461 
schedule, 455-457 

sales and production program , 456 
wage paym ent plans (see Wage pay

m ent plans) 
wage rates, 481-482 
working standards, 468-469 

Progression, arithm etic and geometric, 
111«.

Protractors, 661 
Punch, key, 55, 650 
Punch cards, 54-55, 648 
Punching from coded records, 59-60 
Purchasing power, compared w ith popu

lation, 443-444 
im portance of, 443 
local, estim ating, 450-452 
measuring, recent developm ents in, 

444-445 
using data , 444-445
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Q
Quartiles, 164, 178-181, 217 
Questionnaires, 26, 29-32 

for m arketing analysis, 501, 505, 508 
requisites of, 30-32 
returns, care of, 32

(See also Schedules and question
naires)

R

Range of three common stocks, 568 
R ates of change, 109-110 

common units no t necessary in  com
paring, 117-118 

Reading Railroad, 270 
Real estate analysis, 524—555 

appraisal or valuation, 549 
da ta  requirem ents, 553-555 
general principles in, 549-550 
practical valuation method, 550-552 
procedure, illustration of, 552-553 
theoretical valuation method, 550 

in banking, 599 
boards, 39
construction and, 678-679 
cycles, 530-532

and building cycles, 
chart, 553 

control of, 535-536 
expansion, reasons for, 527-528 
forecasting dem and, 525-527 
land utilization, ripening costs in, 

528
long-time trends in, 531-532 
lots as investm ents, 529 
mortgages, 566-567 
occupancy surveys (see Occupancy 

surveys)
random  m ovem ents, 530-531, 534-535 
site land, speculation in, 529-530 
statistics in, use of, 524 
supply and  dem and in, 524-525 
surveys of, 678-679 
trends, seasonal variations, cycles and 

random  movements, 530-531 
vacan t lots, costs of carrying, 528-529 

Real Estate Analyst, 379, 391, 393 
Real E sta te  Analysts, Inc., 533 
Reasonableness, 19-20 
Reference books, 42-44

References, and footnotes, 69 
“ Regression coefficient,” 259«.
Relatives, percentage, 99«., 118-119 
Remington R and Inc., 54, 649 

adding machine, 652 
Representativeness or adequacy, 18-19 
Requisites of a good table, 69-70 
Retail price index numbers, 208 
Retail trade areas, 680-681 
Returns, care of, 32 

editing, 48-50 
Riggleman, John R., 76»., 78»., 83»., 

113»., 659«., 720«., 722».
R orty, M. C., 76»., 256»., 266»., 306«., 

365»., 614»., 618»., 625».
Ruling and spacing, 66 
Ruling pens, 663

S

“ S-curves,”  276, 287, 293, 301-307 
Sales, analyses of, 5-6 

budget, 410-418 
forecasting, 507
m anagem ent statistics, 504-507 
m arket surveys in, 415-417 
and production program, 456 
record, example, 56-62

(See also Machine tabulation) 
territories, 495-497 

Sales Management Reference Number, 43 
Sampling, and business forecasting, 362 

of data , 21-26, 237 
forecasting, business, 362 
lim itations of, 362 
principles in, 21-22

decreasing variation, 21-23 
large numbers, 21-22 
small numbers, 22 
statistical regularity, 21 

selection, 23-25
checking adequacy of, 24-25 
directed, 23 
random, 23 
stability  te s t of, 25 

Scales, bar-chart, 84-85 
horizontal, on tim e charts, 99-101 
for logarithmic charts, 110-115 
statistician’s, 664-665 
units, 86-87 

“ Scatter diagram ,” 252-260
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Schedules, for field enum erators, 26-28 
K ansas C ity occupancy survey, 638 
1930 population census, 636-637 

for secondary data , 34 
Schedules and  questionnaires, 26, 30-32 

for field enum erators, 26-32 
forms, 635-646
le tter to  accom pany questionnaire, 640 
postcard questionnaire, 642 
questionnaire to  accom pany letter, 641 
questionnaire and le tter combination, 

639
questionnaire offering reward, 643-646 
requisites of, 30-32 
returns, care of, 32 

Seasonal variation, 275, 277-278, 313-327 
changing, 324-325 
eliminating effects of, 325-326 
link-relative m ethod, 322-324 
m ethods of measuring, 316 
m onthly  to ta ls  or m onthly averages, 

m ethod of, 317-318 
na tu re  of, 313-315 
period of, calculation, 316 
prelim inary considerations, 315-316 
ratio-to-trend m ethod, 318-319 
ratios-to-m oving-average method, 320- 

322
ratios, seasonal, ad justm ent to  average 

100 per cent, 319-320 
seasonal indexes, 325

on m onthly basis, 326-327 
for weekly data , 327 

Secondary data , 20, 34-46
assembling and presenting, 20, 45-46 
estim ation and  indirect sources, 45 
and prim ary  d a ta , 14-33 
schedules and  forms for, 34 
sources of, im portan t, 36 

Secrist, Horace, 236«.
“ Secular trend ,” 276n.
Securities and  Exchange Commission, 36 
Security-First N ational Bank of Los 

Angeles, Monthly Summary, 609 
Security price indexes, 570 
Semi-averages, m ethod of, 295-297 
Service establishm ents, hotels, places of 

am usem ent, 681-682 
Shaw, A. W., 454ra.
Shopping areas, 680-681
Silk industry, 272
Site land, speculation in, 529-530

Size, comparisons of, 104 
Skewness, 164, 225-226 
Slide rule, 655-657
Slopes of curves, meaning of, 115-116 
Smoothed, broken and step curves, 102- 

104
Sorting and  tabu lating  equipm ent, 53-57, 

647-653 
Sources, governm ent, 36-38 

original, im portance of, 36 
secondary, 20, 34-36 
of secondary data , 36 

Special Libraries Association, 42 
Speculation, land site, 529-530 
Squares, square roots, and reciprocals, 

tables of, 749-759 
S tandard  Conveyor Company, 519 
S tandard  deviation (see D eviation) 
S tandard error, 241-243 
S tandard  Statistics Company, Inc., 42, 

210, 568, 589 
Base Book, 44 
index of bond prices, 210 
index of bond yields, 210 
Investors Guide Stock Reports, 589 
S tandard  Statistics Index of Business 

Conditions, 389 
S tandard  Trade and Securities Service, 

379, 387-389 
stock prices, index of, 210 

S tate  bonds, 563 
Statesman’s Yearbook, 43 
Statistical Abstract, 43 
S tatistical analysis, 361-362 
S tatistical checking list, 364-365 
S tatistical departm ent, relation to  bud

geting, 426 
S tatistical distributions (see D istribu

tions)
S tatistical draw ing and  lettering, 659-670 

division of space w ith scales and 
dividers, 664-665 

drawing equipm ent, charting paper, 
659-660

compasses and dividers, 662-663 
drawing board, 660 
erasers, 664
French or irregular curves, 661 
ink, 663-664
instrum ents and m aterials, list of, 

659
lettering instrum ents, 665-667
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Statistical drawing and lettering, draw
ing equipm ent, pencils, 600 

protractors, 661 
ruling pens, 663 
scales, sta tistic ian’s, 661 
T-square, 660 
triangles, 661 

optical illusions, 665 
{See also Lettering)

S tatistical maps, 122 
S tatistical methods, in business, direct 

value of, 8-9 
simple, 9-10 
technique of, 10 

S tatistical projects, 407 
S tatistical reports, preparation of, 713- 

717
Statistical units, definition of, 16-18 
S tatistical work, m echanical aids in, 

647-657
Statistics, and  accounts, 617-618 

in banking, 6-7 
bogus, 35 
in business, 1-13 

application of, 2-3 
location problems, 2 
meaning of norm al, 278-279 

in  investm ent, 7-8, 558-559 
land  and  building vacancy, 536-537 
in m anufacturing, 4-5 
in m arketing, 5-6 
practical usableness of, 8 
in  real estate, 524
use of, in analyzing business changes, 

273
Stock m arket, boom of 1929, 272 

1897-1937, 568 
as a forecaster, 375 

Stocks, da ta  on, 568-569 
form of capitalization, 565-566 
New York Times, index of, 210 
preferred and common, 564-565 
prices, indexes of, 210

{See also Investm ent analysis)
Stores, locating, 518-519 
S tubs or row designations, 66 
Studebaker Corporation, 586 
Sundstrand adding machine, 652 
Supply conditions, 494-495 
Survey of Current Business, 495 
Surveys, industrial and commercial, basic 

outline for, 671-712

Surveys, industrial and commercial, data , 
sources of, 692-712 

factors in, 671-692 
banking and  finance, insurance, 

686-687
baying habits of local consumers, 

681
civic, social and related facilities 

and activities, 691-692 
construction and real estate, 678- 

679
consumer purchasing power, 676- 

677
em ploym ent and unem ploym ent, 

675-676
expositions, fairs, and  conventions, 

687
Federal, sta te , or county govern

m en t establishments, 689-690 
historical sketch, 672 
industrial and commercial associa

tions, 688 
industrial developm ent, 674 
labor situation, 674-675 
living costs and related  indexes, 

677-678 
location, 672 
materials, 673
m unicipal adm inistration and  re

lated  data , 690-691 
newspapers, radio stations, 687 
population, 672-673 
power, 673
public warehousing, 685 
retail trade  and metropolitan 

shopping area, 680-681 
service establishm ents, hotels and 

places of am usem ent, 681-682 
transportation  facilities, 682-685 
universities and o ther institutions, 

688-689 
wholesale trade, 679-680 

m arket, 415-417
occupancy (see Machine tabulation;

Occupancy surveys) 
real estate, 678-679

T

T-square, 660 
Tables, accuracy in, 70 

arrangem ent of item s, 67-69
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Tables, captions or colum nar headings, 
65-66 

checking, 70
definitions of units, 65-66 
examples of, 71 
footnotes and references, 69 
general and special-purpose, 63 
m aster working, 52 
parts  of, 63
requisites of good, 69-70 
ruling and  spacing, 66 
sales record example, 56 
stubs or row designations, 66 
title , 63 

lettering, 64 
typew ritten, 64 

T abulating cards, 54-55, 648 
T abulating and sorting equipm ent, 53-57, 

647-653 
Tabulation, 48-71 

accuracy in, 70 
coordinate paper in, 70-71 
editing the  returns, 48-50 

classification, 49 
final, 50
hand and machine, 50-62 

machine (see Machine tabulation) 
tables (see Tables)
“ tallying,” 51 

machine, 647-653 
Tabulators, I. B. M. and Powers, 651 
Tallying, 51 

machine, 647 
Taylor, Frederick W., 469n.-470»., 614«.,

'  721».-722».
Taylor differential piece-rate plan, 485- 

486
Technical m ethods in business, indirect 

value of, 9 
Technical periodicals, 40 
Term  reports, 407 
Textual presentation of data , 62 
Thompson (J. W alter) Company, 496». 
Tim e charts, arithm etic progression 

111». 
bar, 96-97
bars and curves, comparing, 104—105 
coordinate lines and curves, emphasis 

of, 101-102 
curves, cumulative, 103 

logarithmic, 109-110 
scales for, 110-115

Time charts, curves, logarithmic, shifting, 
118

slopes of curves, 115-116 
non-cum ulative, 103 
of size changes in tim e series, 97 
axis of abscissas, 97». 
axis of ordinates, 97». 
coordinates, 97». 
dependent variable, 97n. 
independent variable, 97». 
sm oothed, broken and step, 102-104 

forms, choice of, 104-105 
geometric progression, 111». 
horizontal scale on, 99-101 
logarithm ic, comparing, 118 
percentage relations, 118-119 
rates of change, 109-110

common un its no t necessary, 117— 
118

comparisons of, 116-117 
tim e series, m ethods of comparing, 119 
tim e variables, components of, 108 

size differences, 104 
vertical scale on, 97-99 

Time series, analysis, im portance of, 270- 
273

bar charts for, 96-97, 104 
basic trends, 286-310 
in business, 270-283

causal elem ents, do no t operate uni
formly, 274-275 

causes affecting business develop
m ent, 274 

erratic fluctuations, 275, 279-280 
tendency of business to  increase, 275 

business cycles and erratic movements, 
330-355 

comparing, 119 
curves of size changes in, 97 
data , prelim inary preparation of, 281- 

282
estim ation of th e  future, 280-281 
four distinct m ovem ents in, 275-280 
m ethods, technical, im portance of 

studying, 282-283 
seasonal variation, 275, 277-278 

Time variables, components of, 108-109 
T itle lettering, 64-65 
Trade, retail, areas, 680-681 

wholesale, surveys of, 679-680 
Trade papers, 40
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T ransportation , m arketing analysis of, 
518

surveys of facilities, 682-685 
tim e and  cost, 518 

Trend, arithm etic, 287 
stra igh t line, 349-350 

basic or long-time, 275-277 
change in slope and type of, 289 
com pound-interest, 288, 301 
elimination of, 309-310 
extreme item s, elimination of, 291-292 
fitting, available methods of, 292-293 
formula, determ ination of, 288-289 
free-hand curves as, 293, 307-309 
long-time, in real estate, 531-532 
m arket, 512
m easurem ent, im portance of, 286 

m athem atical, 307 
proper period essential, 289-291 

moving averages as, 293-295 
three-year, 294 

nature of, 286-287 
ordinates, m onthly, 298-300 
period, im portance of la ter years, 290, 

292
S-curve, 276, 287, 293, 301-307 

plotted, on arithm etic paper, 303 
on probability paper, 304 

Triangles, 661 
Turnover, labor, 489-490

U

Uniformity or homogeneity, 18 
U nit, common, in charting, 86-87, 90 

necessary on arithm etic charts, 106 
no t necessary in comparing rates of 

change, 117-118 
statistical, 18 

U nited Business Service, 379, 391-392 
United States and other governm ent 

bonds, 562-563 
U nited S tates B ureau of th e  Census, 15»., 

43, 68»., 207«., 430, 432-433 
reports, 132 

United S tates Bureau of L abor Statistics, 
189»., 203»., 206»., 208, 210 

U nited States D epartm ent of Agriculture, 
207

Crops and Markets, 37 
Yearbook of Agriculture, 43

U nited States D epartm ent of Commerce, 
27, 36»., 537»., 671».

Bureau of Foreign and Domestic Com
merce, 38, 209 

Commerce Reports, 37 
Consumers Market Data Handbook, 

44
Market Research Sources, 44 
m aster working table, 52 
Monthly Summary of Foreign Com

merce, 37 
Survey of Current Business, 37-38 

U nited States D epartm ent of Labor, 490 
Monthly Labor Review, 37 

Units, common, on arithm etic charts, 
106-107 

definition of, 65-66
not necessary in comparing rates of 

change, 117-118 
Universities, surveys of, 688-689 
U niversity bureaus of business research,

42
U niversity of Denver, vacancy, survey, 

547

V

Vacancy survey (see Occupancy survey) 
Vacant lots, 528-529 
Variables, 97»., 133»., 135 

dependent, 260». 
independent, 260». 
methods of comparing, 245-246 

graphic, 245
historical curves, 245-246 
“ Scatter diagram s,” 245-246 

time, 104, 108 
Variation, 164 

coefficients of, 221-222 
seasonal (see Seasonal variation) 

V ertical-bar charts, 83-84

W

Wage paym ent plans, 482-489 
B arth prem ium plan, 485 
comparison of, 483 
G an tt task  and bonus plan, 486-487 
Halsey premium or gain-sharing plan, 

485
piece-rate beginners, incentives for, 

487-489 
selection of, 487 
straight piece-rates, 484-485
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Wage paym ent plans, Taylor differential 
piece-rate p lan, 485-486 

tim e or day  rate, 482 
Wage rates, 481-482 
Wall, Alexander, 580»., 602«.
Wall Street Journal, 568 
W alworth M anufacturing Company, 3, 

396».
Valve and  F ittings Index, 397-399 

forecasting, by analyzing “ statistical 
positions,” 399 

historical analogy, 399 
“ reading the  averages,” 399 
tim e lags and cycle sequences, 

399
W arren, George F., 536»., 722». 
W atkins, Gordon S., 489».-490». 
Weaver, H. G., 445«.-446«.
Weights, base period for, 201-203 

m onetary value, 201 
quantity , 205

W eights, value, 205-206
(See also Index numbers)

Wenzlick (Albert) Real E sta te  Company, 
538

Wenzlick, D elbert S., 548 
Wenzlick, Roy, 533 
W estern Electric Company, 4 
Wholesale price index numbers, 208 
Wholesale trade, surveys of, 679-680 
Working, Holbrook, 9».
World Almanac, 43 
W right, Ivan , 534».

Y

Yearbooks, 42-44 
Yoder, Dale, 265».
Yule, G. U dny, 145«., 234»., 265«., 307». 

Z

Zangerle, John A., 549






