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PREFACE

Ta1s book is an introductory text for general use in colleges and univer-
sities. The object is not to contribute new results of statistical analysis,
nor to advance the knowledge of the author’s associates in this field
The purpose is rather to introduce the subject to beginners by the use of
simple illustrative materials, to present the elementary principles of
statistics in such manner as to appeal to the logical faculties of the
reader, and to foster a healthy skepticism toward the results of quanti-
tative investigations.

Elementary economics and social science are being taught to sopho-
mores in college. Professional training begins in the last two years of
the undergraduate course. Special courses include a varied background
of facts which are intended to describe and to measure the phenomena, of
organized society. Many sources of information are in quantitative
form, but figures do not necessarily tell the truth. Training in the
scientific method of approach to a problem; acquaintance with the tools
needed in his work; and familiarity with the methods of testing how
reliable so-called facts really are — these are matters of fundamental
importance to the student of the social sciences, theoretical and applied.

Technique and method in the physical sciences have been well devel-
oped and are applied in the experimental laboratory by the beginning
student. In the social sciences many students are still denied the op-
portunity to acquire a knowledge of the methods of assembling data and
of sifting evidence. They have not formed the habit of independent
and cautious generalization from known facts. Statistics may serve a
purpose for the social sciences similar to that which the experimental
laboratory serves in the physical sciences. The possibilities for experi-
mentation in society are very limited. The investigator must observe,
record and compare phenomena, for the most part, as they are. Statis-
tical method deals with mass data in their numerical aspects. It in-
volves precise measurement, a careful record, intelligent and logical
analysis and grouping, and discriminating judgment as to the relative
significAnce of groups of facts.

Training in statistics should be regarded as discipline in scientific -
method. The undergraduate should be equipped with statistical

method as a tool. Especially in the social sciences, where factors are
many and varied and where human sympathies are keen, it is difficult to
free judgments from the bias of desires and feelings. The scientific
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attitude of mind prompts the student to seek evidence which will appeal
as true to minds other than his own. Quantitative data are objective
and can be freed from bias more easily than subjective judgments.

The point of view from which the essential principles of quantitative
analysis, description and comparison are approached in this treatise is
logical and empirieal rather than mathematical. A large number of
technical and mathematical books on statistical methods have appeared
in recent years. The author recognizes the value of these for the highly
specialized student but doubts their utility for the beginner in the sub-
ject. “The need at present is a clear understanding of fundamental prin-
ciples in the treatment of numerical data.

Short methods have only a limited use in an elementary text since they
may obscure for the beginner the meaning of the process which should be
the all important consideration. Formule are regarded as short-hand
statements of processes described and illustrated. The same problems
are often carried forward from chapter to chapter, as the prineiples are
developed, since by this plan the reader is freed from the necessity of
becoming familiar with a new series of facts at a time when his attention
should be concentrated upon the treatment of the materials. X

Understanding in this subject results, for the most part, from doing.
To find any value in the methods presented the student must make them
a part of his experience and must be able to apply them with diserimina-
tion. Practice work, therefore, is the essential thing in acquiring statis-
tical methods and in developing intelligence in their application. This
book presents only a limited number of problems with detailed explana-
tions of the methods applied to the data. In the author’s opinion, it is
the function of the teacher to select exercises for practice. In order to
hold the interest of the student and to secure the best results the teacher
will prefer to work out particular applications which interest himself and
his students in specific fields. He will be able to select better materials
for illustration than the author of a general text can possibly assemble
for him. Besides, following a set of exercises prescribed by others em-
phasizes too strongly the mere routine of acquiring methods.

Most texts treat the methods described in Part III before those of
Part II. This is the logical order in the collection and analysis of statis-
tical data, and the teacher is at liberty to adopt this plan of presehtatipn.
The order of topics in this text has been adopted after trying out both
plans in teaching, for the reason that very few have had experience in
the actual collection of the original raw materials while most students
have used to some extent existing sources of statistical data and possess
& more or less extensive background of quantitative information. By
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treating at once methods of classifying and analyzing data already
assembled the teacher builds upon familiar materials and is able to in-
troduce the methods of Part III as the opportunity arises.

The scope of the book has been carefully limited to include only what
can be covered in a year’s elementary instruction and practice. The
continuation of the subjects treated and the introduction of specialized
methods are left to more advanced treatises.

The author has received invaluable suggestions from numerous text
‘books and writers, for which he wishes to make acknowledgment and to
express appreciation. An effort has been made to give full credit in
footnotes for materials and ideas utilized in this text, but no such state-
ments can adequately describe the debt we owe to the workers who have
made their contributions to the methods of quantitative analysis now
in general use.

Special acknowledgment: is gladly given to Warren M. Persons and to
the Harvard Committee on Economic Research for materials used in
Chapter XIII; to Seymour L. Andrew, Chief Statistician of the American
Telegraph and Telephone Company, for permission to use for illustra-
tion a section of their curve representing business conditions; to Willard
"C. Brinton and to the Society of Mechanical Engineers for permission
to reprint the publication on Standards for Graphic Presentation; and
to the authors of Bulletin 165, Agricultural Experiment Station, Uni-
versity of Illinois, for illustrative materials in Chapter XI.

I am especially grateful to my colleagues for their helpful criticisms
and suggestions and for their generous spirit of co6peration: to Franklin
H. Giddings, leader in the scientific study of society, for his sympathetic
interest in the entire work and for a critical reading of Chapter III; to
Henry L. Moore for reading the entire manuseript of Parts I and II and
for discussing with me many of the topics presented; to Frank A. Ross,
who has been closely associated with me in the work of statistical in-
struction for several years; to Wesley C. Mitchell for the use of materials
and ideas from Bulletin 284 of the United States Bureau of Labor Statis-
tics on Index Numbers, and for reading the manuseript of Chapter X;
and to Russell G. Smith for assistance in revising Part III.

The author is indebted also to Mrs. Dorothy Reddy Van Der Veer for
her extellent work in the final revision and preparation of the manuscript,
and to Mrs. Charles A. Gulick for her assistance; to Mr. and Mrs. Roy
E. Stryker for checking arithmetical computations and especially for
their painstaking care in the preparation of the original drawings for
the diagrams. He is under special obligation to Miss Estella T. Weeks
for a discriminating reading of the proofs of the book.

RorerT E. CHADDOCK



EDITOR’S INTRODUCTION

IN spite of a widespread human interest in numerical facts, statistics,
not long ago, was a subject which had only a small, though loyal, follow-
ing. Inrecent years, the rapid progress that has been made in the prose-
cuting of statistical inquiries and the perfecting of statistical technique
has been matched by an equally rapid general growth of interest in
statistical studies. To this the increasing number of excellent introduc-
tory textbooks available to the student of statistics bears witness. It is
no disparagement of other books to say that many teachers and students
will find that Professor Chaddock’s work will best meet their own par-
ticular needs.

It is the product not only of sound scholarship but also of long
and conspicuously successful experience in the teaching of statistics.
Throughout the book Professor Chaddock is the teacher as well as the
statistician. This shows itself in the general plan and arrangement of the
book, in the apportioning of space and of emphasis, and in the painstak-
ing care given to every detail of exposition. It will be clear, further-
more, that Professor Chaddock has carefully appraised the needs, the
purposes, and the initial equipment of the average student. For one
thing, no mathematical knowledge is assumed, beyond the most ele-
mentary processes of algebra.

The book has another conspicuous merit. It treats of statistical
methods as general rather than special tools. This, in my opinion, is as
it should be. The student of vital statistics, for example, will be better
equipped for his work if he knows something about the general uses, pos-
sibilities, and limitations of statistical method. So also, to take another
example, with the student whose interest is primarily in the light which
statistical analysis may throw upon business problems and policies. In
particular, it is a mistake to put a fence around a narrow field, and dub
it “economic statistics,” or “social statistics,” as the case may be.
Students-of economics are likely to profit quite as much by studying
population statistics as by studying index numbers. And who will ven-
ture to say just what portions of the field that is coming to be called
“business statistics” are not of importance to the student of economics?
Professor Chaddock nowhere permits his interest in any one field of in-
quiry to obscure the importance of other uses of statistical method. In
this respect, as in others, his book displays judgment and balance.
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Whether statistics is a field of knowledge or a method is an old problem
respecting which there was once much fruitless dispute, especially in
German treatises. The dispute was fruitless because the issue was facti-
tious. Statistics is not a field of knowledge so much as it is a particular
type of knowledge. To organize this type of knowledge, to handle it
effectively, calls for a special technique. The statistical method, then, is
merely the utilizing of this special sort of knowledge, with the aid of this
special technique, in any field of inquiry within which the method may be
fruitful. The method, therefore, has a unity of its own, and this is re-
flected in Professor Chaddock’s treatment of it.

The successful use of the method, however, requires a command of
more than formulas and processes. Like any other scientific pursuit it
calls on the one hand for the power of constructive imagination, and on
the other hand for constant awareness of the necessity of guarding
against mistaken inferences. In statistics the most dangerous sources of
error are of a very elementary sort. There is just enough difference be-
tween statistical processes and the common types of reasoning that serve
us well enough in the daily routine of life to make the statistical method a
dangerous tool in the hands of the unwary. Professor Chaddock has
done all that any writer could be expected to do, and more than most
writers have done, to put students on their guard against the commonest
forms of statistical error and to imbue them with the habit of critically
scrutinizing their sources, their processes, and their inferences.

Throughout the book, moreover, he puts a needed emphasis upon
analysis, as contrasted with the routine of statistical technique. I mean
that he insists that the student should understand every element in the
formulas he uses and every step in the processes he applies, and that he
does all that he can to help the student toward such an understanding.

It is here that Professor Chaddock has been most lavish in his expendi-
ture of care and pains. The impatient student, very likely, will find
some of this detail irksome. But the student with special faculty in
mathematics or with a special aptitude for statistics will find nothing
that will delay or hinder his progress. And for the great majority of
students mastery of detail is the one sure road to a mastery of the subject.

ALLyN A. Youne
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PRINCIPLES AND METHODS OF STATISTICS

PART I

INTRODUCTION
PRELIMINARY CONSIDERATIONS

The scientific study of any subject is a substitution of business-like ways of
“making sure” about it for the lazy habit of “taking it for granted” and the
worse habit of making irresponsible assertions about it. To make sure, it is nec-
‘essary to have done with a careless “looking into it”” and to undertake precise ob-
servations, many times repeated. It is necessary to make measurements and

accountings, to substitute realistic thinking (an honest dealing with facts as they

are) for wishful or fanciful thinking (a self-deceiving day-dreaming) and to carry
on a systematic “checking up” . . . science is nothing more nor less than getting

at facts, and trying to understand them.
Frankuin H. Gopines

“Bocietal Variables,” The Journal of Secial Forces, March, 1928

-
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PRINCIPLES AND METHODS OF
STATISTICS

CHAPTER I
THE APPEAL TO FACTS

The basis of social action. An increasing number of communities are
seeking exact information concerning themselves. Many classes of so-
cial and economic phenomena may be briefly and accurately described
by quantitative statements which furnish precise measures of existing
social conditions and significant changes from period to period. But
more than description is sought. Careful comparisons of the facts of ex-
perience usually reveal relations of cause and effect, which make addi-
tiens to our knowledge by explaining phenomena, not merely describing
them.

The manner in which social and economic conditions affect individual
and community welfare is measured in terms of family expenditures in
relation to income, by industrial accident and mortality rates, by the
decline of death-rates through the control of preventable disease, by the
records of crime and dependency, by the length of the efficient working
life, and by the changing standards of living of the population. These
facts are as necessary for our enlightenment as those concerning the
amount of exports and imports, the production of steel, the changes in
commodity prices, and the volume of bank clearings.

The gathering and analysis of facts suggests the answers to many inter-
esting and important questions. Is the Nation’s production of food and
raw materials keeping pace with the growth of population? Is the la-
borer better or worse off to-day than a decade ago, as measured by what
he can afford to buy? Which occupations are dangerous to life and
health, and why? What effect has social legislation on individual and
social welfare? Are the wastes of community life growing less and the
gains of codperative activities growing greater? Is the immense increase
in wealth really contributing to welfare as it should? Whether in esti-
mating resources, or in measuring wastes, or in laying the foundation for
intelligent public opinion concerning what is necessary for social and
economic progress, quantitative measurements play a most essential part,



4 PRELIMINARY CONSIDERATIONS

Social legislation based on facts. More and more frequently exact
knowledge concerning conditions precedes the enactment of laws designed
to modify them. The Government has been extending its activities con-
stantly into fields where investigation is a necessary preliminary to wise
action. Collection of facts concerning hazards in modern employments
and a growing realization of the economic and social consequences of
neglect, have been followed by agitation for better protection of work-
men, by preventive methods or by social insurance. Before either policy
could be adopted careful investigation was needed to determine the
causes of industrial accidents and to place the responsibility upon spe-
cific processes or trades; and to determine what burden insurance must
meet. During the last decade almost all our commonwealths have en-
acted compensation laws.

Observation has shown the comparatively low pay of women and
minors in certain industries and the resulting low standard of living with
its social consequences. It has been proposed to protect this class of
wage-earners in a special manner by minimum-wage laws. But before
the legislature and the administrative authority can act intelligently, it
is necessary not only to know what wages are being paid in specific indus-
tries but also what wage is required in order to meet the reasonable needs
of the worker. These are questions of fact and must be determined by
inquiry.

Vital statistics in the service of sanitary science and health adminis-
tration. Modern sanitary science owes its existence to the registration
of deaths and their causes. Records of death and sickness constitute the
bookkeeping of the public health movement. They direct the activities
of the sanitary expert as chart and compass guide the navigator. Vital
statistics furnish a definite measure of the value of sanitary improve-
ment and of the progress of preventive medicine, as the following facts
indicate:

TyrrOID FEVER IN PITTSBURGH, 1907-1911 ®

NuMBER oF | NUMBER oF Dimacrs 5wy

T CASES DEATHS ri,i’;éggﬁgg
FOOTS i e A R A RS e e 4514 502 130.8
hBREE s Tl A s o 1,833 255 46.6
AL T R e e O SISl K. O 955 130 24.6
S ) L e A P S P oot 998 149 QT
1L | R N e R R e b e 768 140 25.9

a From the Annual Report of the Department of Health, Pittsburgh, Pennsylvania, February 1, 1911,
to January 31, 1912, p. 56,



