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PREFACE

in recent years, textbook writers on the subject have exhibited

a noticeable tendency to increase the amount of advanced
material at the expense of the elementary content. The authors of
this book hold to the opinion that the first requisite, of an adequate
structure is a sound foundation. Pursuant to this point of view they
have attempted to place unusual emphasis upon the elementary or
foundation methods of the subject. No attempt has been made to
attain the research frontiers of any phase of statistical analysis. In
short the aim is to present statistical materials and methods that are
in everyday use in the conduct of business affairs.

The readers of statistical texts might be divided into two broad
groups: those who will compile, analyze, and interpret statistical data
and those who will be the users of the results prepared by the first
group. The latter readers comprise much the larger group and for
their use either as students or business practitioners this book provides
the essentials of method and the mental conditioning so necessary for
effective “statistical consumption.” The training requirements of the
first group, the statistical producers, differ somewhat according to the
level at which they engage in statistical work. Those few who are
conducting advanced research work have little need forTthis book.
The larger number who either now or in the future contemplate engag-
ing in the usual type of statistical collection, analysis, and presentation
carried on within business concerns, statistical organizations, and gov-
ernmental agencies will find that the contents of this book provide
sound guidance.

The student will quickly discover that the methods of statistics form
a related whole; that the division into chapters is for convenience in
the classroom rather than for the separation of disconnected subject
matter. The structure is built literally method upon method like the
bricks in a wall and, to carry the analogy a step farther, the binding
mortar is reasoning rather than memory. The student who attempts
to acquire statistical knowledge solely by memorizing rules and for-
mulas invariably fails to develop the power to apply his skill to prac-
tical problems. On the other hand the student who approaches the

QS STATISTICAL METHODS have been gradually expanded
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subject with an eternal “Why?” and insists on having his curiosity
satisfied has a much better chance of developing the power needed to
solve new problems as they arise.

This distinction of attitude is exemplified by a criticism often leveled
at the writers of statistical texts: “If they would only tell us what
techniques to use in analyzing different kinds of data they could save
so much time and take most of the mystery out of the subject.” If the
quoted suggestion could be put into effect, statistical practice would in
truth be reduced to a routine level. But the case is not so simple
because the type of analysis that should be applied to a particular set
of data depends entirely on the purpose of the analysis, the specific
use that will be made of the results, the time and funds that are
available, and other related considerations. Therefore neither in this
book nor in any other will rules be found relating methods of analysis
to data on specific subjects. The function of the statistician must always
be the exercise of judgment as to the proper methods to employ in the
investigation of a given problem.

From the standpoint of mathematics, this book assumes only that
the reader has proficiency in arithmetic and enough knowledge of
algebraic symbolism to be able to substitute values in a formula. Even
this modest assumption is partially reinforced by the introduction early
in the book of a chapter entitled ““The Use of Numbers,” the content
of which is partially a review of arithmetic. The explanations in the
book assume that the reader possesses some familiarity with economics
and understands in an elementary way the organization and functioning
of individual business concerns. A knowledge of accounting principles,
marketing principles, and recent business history including the relation
of government to business provides a desirable although less essential
background.

The subject matter of this book can be covered in a ninety-hour
course. By reducing the intensity of coverage somewhat, the entire
content can be included in a sixty-hour course. For briefer courses
some chapters will undoubtedly have to be omitted entirely or in part.
It is difficult to specify which chapters might be omitted, since each
case requires a knowledge of the point of view of the instructor, the
capabilities of the particular group of students, and the purpose of
the statistics course in the curriculum.

The problems appearing at the end of each chapter have been so
wianned that the student who prepares answers to all or a large part
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of them will be forced to apply the important principles of the subject
to situations akin to those found in statistical practice. The authors
hold steadfastly to the opinion that effective teaching of statistics
requires the liberal use of problems to insure facility in computation,
to provide constant practice in selecting and adapting methods to
particular situations, to develop proficiency in the interpretation of the
results of investigation, and to encourage accurate reporting of com-
pleted analyses. Many of the problems have been reduced in size to
accommodate them to the needs of students, but an attempt has been
made to avoid simplification to the point of absurdity.

A list of references is appended to each chapter. These lists are
intended to be selective rather than comprehensive. The publications
named are included because they contain material which supplements
the development in the text or because they offer the opportunity for
either more intensive or more advanced study of the subject matter in
the text. The reference lists are not intended to set forth the sources
from which assistance was drawn for this book. Wherever such assist-
ance is specific, direct footnote reference has been made to the source
and the author’s permission for use has been secured. For aid in the
broader sense the authors are permanently indebted to writers in the
field of statistics in so many directions that anything beyond general
acknowledgment of the obligation would be impossible. If, by some
mischance, the authors have failed to acknowledge materials reproduced
from other writers, such omission is wholly unintentional.

It is impossible to make a complete acknowledgment to Miss Irene
Graham, who has collaborated with the authors in the preparation
of this text. Her most outstanding work was the writing of chapters
XII and XIV and major revision of chapter XI. She has also con-
tributed materially to the text of chapters IV to X, XV, XVII, XIX,
and XXX, in addition to research, criticism, reorganization and editing
of all chapters.

Dr. Robert Riegel, professor of statistics, University of Buffalo, has
read and criticized the manuscript in various stages of preparation. His
suggestions concerning statistical soundness and pedagogical desir-
ability represent a contribution that the authors acknowledge gratefully.

Chapter XX VI has been made possible through the co-operation of
Mr. A. H. Robinson, assistant-treasurer, and Mr. Lawrence M. Tarnow,
head of the planning department of Eastman Kodak Company of
Rochester, New York. To them for their assistance, and to the Eastman
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Kodak Company for permission to use the material, the authors express
their sincere thanks.

Most of the graphs were prepared by Mr. Ralph Lownie, a student
in the School of Business Administration, University of Buffalo. Their
quality is due entirely to his craftmanship. The remaining graphs were
drawn by Mrs. Dorothy Tallman, who also shared with Mrs. Ruth
Carroll the extremely laborious task of typing the manuscript.

M. A. BRUMBAUGH
LESTER S. KELLOGG

September, 1941
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CHAPTER 1

STATISTICS IN BUSINESS

THE STATISTICAL APPROACH

HEN MASSES of numerical information are to be analyzed
.\’\ / some means of summarization must be found which will
focus attention upon their major characteristics. Statistical
methods have been developed to meet this need; hence in a broad
sense the statistical approach is essentially a process of classification,
subclassification, and cross-classification designed to give meaning to
a mass of information by separating it into comparable parts. Statistical
methods therefore are useful in any field of knowledge in which the
recording of events produces masses of numerical information. The
more important fields are psychology, sociology, education, medicine,
biology, public affairs, economics, and business.

Statistical Data Distinguished from Abstract Numbers

Not all numbers are statistics. A table of logarithms is not a statisti-
cal table, but simply a compilation of abstract numbers obeying a fixed
law. On the other hand statistical data are concrete numbers represent-
ing objects or measurements grouped according to stated characteristics.
For example in Table 1 sales of low-priced automobiles are classified
by make of car and by year of production. This double classification
permits comparison of sales of the three makes in any year and the

TABLE 1

SALES OF PASSENGER AUTOMOBILES DURING THE MODEL YEAR 1937-39:
THRBB MAKES IN THE LOow-PRICED FIELD*

Mopxr Yzar
Maxx or
AvtoxosiLx 1937 1938 1939
Chevrolet .o.ovvvevinnnnns 804,350 465,403 577,986
Ford ...vvvieeneenenenans 807,258 345,244 456,792
Plymouth ................. 500,503 268,436 387,452
Total ..vvvierernnnannn 2,112,111 1,079,083 1,422,230

® Compiled from The Annalist, Vol. 49, No. 1258, p. 350; Vol. 51, No. 1310, p. 304;
Vol. 53, No. 1362, p. 305; Vol. 55, No. 1418, p. 433.

1



2 BUSINESS STATISTICS

comparison of sales of each with the total. The changes in indi-
vidual and total sales from year to year can also be read from the
table.

Statistics deals with numbers not merely as such, but as the expres-
sion of a quantitative or qualitative relationship of the concepts with
which they are associated. Statistical work is for the most part a mat-
ter of expressing these relationships in the best form, and of finding
new relationships. Thus the comparisons observed in Table 1 might
be facilitated by the computation of per cent distributions and index
numbers. The development of such techniques of analysis forms a
major part of the content of subsequent chapters.

Statistics in the Field of Business

While the statistical procedures useful in the several fields of knowl-
edge are in the main identical, those procedures must be adapted to
the particular types of information found in each field. The use of
ratios is a basic method of analysis common in all types of statistical
work but the emphasis on different kinds of comparison varies mark-
edly from one field to another. In vital statistics the study of death
rates leads to the development of crude rates, specific rates, standardized
rates, and corrected rates. On the other hand business data require
per cent relations, per cents of change, per capita ratios, per cent dis-
tributions, and index numbers. Whether used in vital statistics or
business statistics the word “ratio” implies a relation between two items
one of which is the numerator and the other the denominator. But
the examples cited show the variation in usage and suggest the extent
to which subject matter determines what type of ratio comparisons will
be emphasized.

The relation of emphasis to subject matter can be illustrated further
by considering time-series analysis. The business statistician spends a
major fraction of his time in separating time series into their several
components primarily to segregate the cyclical fluctuations. In such
fields as medicine, psychology, education, and biometry the techniques
of time-series analysis are relatively unimportant and when used seldom
have as a goal the study of cyclical fluctuations. In this illustration, as
in the preceding one, subject matter and purpose determine to a large
extent the form of use and the importance of a particular method of
analysis.



STATISTICS IN BUSINESS 3

These examples should be sufficient to indicate that a development
of statistical methods applicable to a particular field of knowledge
becomes more specific than a general presentation, and therefore is
better suited to the needs of those interested in that field. Consequently
this book is devoted in the main to a presentation of statistical methods
and operating techniques suitable for the analysis of masses of numeri-
cal information arising in the field of business.

The word “business” is taken to include the aggregate of activities
involved in transforming raw materials into finished consumable
products and transferring goods at all stages of the process. The usual
divisions of the field are production, marketing, financial operations,
and transportation and communication. Such activities as legal advis-
ing, accounting, and technical research including statistical work have
not been listed as divisions of business because they are adjunct to all
phases of business operation. Statistics in particular may assist in the
solution of problems arising in any part of the business field but has
its greatest usefulness when large masses of numerical information
are to be analyzed.

The following illustrations of the uses of statistical methods in the
four main divisions of business enterprise should give sufficient evi-
dence of the pervasiveness of the statistician’s work.

Production

Preparation of production schedules

Determination of distribution of sizes in manufactute of Hats, shoes, suits,

dresses, etc.

Analysis of time and motion studies

Cost analyses
Marketing

Determination of sales areas and sales quotas

Study of effectiveness of advertising

Relation of size of orders to net profits

Relation of markdowns of goods to buying policies
Financial operations

Ratio analysis of financial statements by banks to determine the credit risk

of prospective borrowers
Determination of the average discount rate of customer loans of a bank

Transportation and communication
Ratio analysis of railroad traffic to determine operating efficiency, operating
density, etc.
Study of relative costs of moving freight by truck and by rail
Study of telephone and telegraph message density
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THE WORK OF THE STATISTICIAN
Types of Statistical Work

The type of problem with which a statistician deals is determined
by his location in the economic structure. If he is employed by a busi-
ness concern his work consists mainly in the analysis of problems arising
within the concern and his data are usually the records of the concern’s
operations. The extent and character of statistical work carried on
within any individual concern depend upon the type of business and
the funds available. There are many firms that do not maintain sepa-
rate statistical departments, but which conduct statistical analysis as
an adjunct to the main function of one or several departments. Con-
siderable information concerning the variation in statistical practice
in different concerns can be obtained from a survey made by the
National Industrial Conference Board.

The Conference Board survey, which was begun in June, 1939, reveals that
no uniform practice is followed in the organization of research. Only 30% of
the companies maintain a separate centralized department for such work, or
place the responsibility in the hands of a single statistician or economist. Ten
per cent of the concerns assigned such research to a single executive. The
majority, about 60%, divided the task among several executive offices and
departments.

Somewhat greater centralization of research is found in financial and public
service companies than in manufacturing concerns.

The greatest volume of work appears to be done in the accounting and
controllers’ departments, and the second heaviest volume falls on the executive
offices. Next in importance come the sales division, the production department
and, in fifth rank, the centralized statistical or economic research department.

Most companies compile data for internal use on sales and orders, pro-
duction, employment arid purchases. Less than one-fourth of the companies
reporting, however, attempt to compile data on inventories in the hands of
distributors of their products. Most companies also attempt to forecast future
trends in sales, production, costs, inventory requirements, prices and profits.
More than half of the organizations reported that they attempt to forecast sales
by geographic regions.

Forty-two per cent of the companies carrying on research compile periodic
reports on the outlook for the particular industry in which they are engaged,
and nearly as many compile data on the prospects for business in general.
About 15% also prepare studies on general business conditions as they affect
purchasers of their finished products and suppliers of their raw materials.

Other special studies carried on to a considerable extent by private industry,
listed in the order of their importance, are the economic effects of taxation,
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analysis of departmental operations, personnel practices, plant layout, effects of
legislation, and feasibility of plant expansion.t

While this study shows the ramifications of statistical work in business
it does not emphasize the variety of problems encountered by an indi-
vidual statistician. He may be asked to make cost analyses and fore-
casts of production for the manufacturing department, analyses of time
and motion studies for the plant scheduling department, studies of
employment, payroll, and wages for the personnel department, sales
quotas for the sales department, estin.ates of plant burden for the main-
tenance department, studies of bad debt losses for the credit depart-
ment, or an investigation of the relation between selling prices, sales
volume, and turnover of inventory for the president.

The variety of subjects included in this list demonstrates the scope
of the work of the statistician employed by an individual concern. He
must have considerable familiarity with the operations carried on in all
departments of the concern and an understanding of the economic prin-
ciples involved in those operations, in addition to a working knowledge
of statistical methods.

Problems of a different type are dealt with by a statistician engaged
in independent research or employed by a trade association, a commer-
cial research agency, a government bureau, or a university research de-
partment. Much of the information used in this kind of statistical
analysis is gathered from the records of individual concerns or agencies.
The data are therefore of essentially the same nature as those used by
each individual concern in analyzing its own problems, although the
purpose of the analysis is different.

Table 2 is an illustration of a study that makes use of the records
of a number of concerns. The Bureau of Business Research of the
Harvard Graduate School of Business Administration maintains a
regular reporting service through which it receives annual reports of
operations from a large number of department stores in all sections of
the country. This table gives a summary of the turnover rates computed
from the reports of 430 stores. The stores are divided into ten groups
according to size as measured by annual sales. The purpose of making
this classification is to group together stores operating under conditions
that are as nearly similar as possible.

" Commercial and Financial Chronicle, Vol. 150, No. 3894 (February 10, 1940),

. 904 (New York: William B. Dana Co.), reproduced from a National Industrial Con-
erence Board Report.
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TABLE 2

TURNOVER OF GoobDs IN DEPARTMENT STORES OF DIFFERENT SIZES IN THB
UNITED STATES, 1938 *

S12x or STORE NumsER oF AVERAGE
As Mzasurep By SToRES TURNOVER OF
ANNUAL SALES REPORTING Goops

Less than $150,000 ............cc0uunn 54 2.1
150,000- 300,000 .........cce0iunennn 45 2.7
300,000~ 500,000 .......cc0i00000000. 58 3.6
500,000~ 750,000 .........c00000nnn 35 3.6
750,000- 1,000,000 ..........c.c00ennn. 28 42
1,000,000- 2,000,000 .........cc000000nn 62 4.2
2,000,000~ 4,000,000 .........c.00enunn. 58 44
4,000,000-10,000,000 ..............cnnn. 57 47
10,000,000-20,000,000 ........covvvennnnn 20 4.7
20,000,000 OF MOLE. .o evuveerennncanane ees 13 54

*Malcolm McNair, “Operating Results of Department and Specialty Stores in
1938,” Bureau of 'Business Research Bulletin Number 109 (May, 1939), Boston: Graduate
School of Business Administration, Harvard University.

The turnover is computed by dividing the annual sales by the aver-
age inventory. The increase in the turnover, as size of store increases,
indicates that the smaller stores maintain larger inventories in relation
to sales than the larger stores. This skeleton fact gives rise to many
questions related to the analysis of department-store operations. For
example, one might theorize as follows: the smaller stores must keep
in stock a line of goods practically as inclusive as that maintained by
larger stores; however, in smaller stores, demand for many types of
goods is only occasional, whereas those same goods are in constant
demand in larger stores; consequently the maintenance of this slow-
moving stock reduces the turnover of the smaller stores. The testing
of this hypothesis would be a task for the statistical staff that has
access to the reports of the individual concerns.

Further examples of the type of research undertaken by statisticians
working with the records of individual concerns are: the relation of
advertising costs to sales; the seasonal variation in automobile sales
in different parts of the country; the relation of bank loans to size
of banks and population of cities in which the banks are located; and
the rates of interest charged for installment credit according to type
of goods purchased. In other cases the data used in research work do
not come from business concerns but from markets, individuals, or the
results of prior statistical work. Some illustrations are the construction
of an index of the general price level, a study of the preferences of
consumers for competing products, and an analysis of the relation
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of the alternations of prosperity and depression to the sales of con
sumers’ goods and producers’ goods.

The studies mentioned in preceding paragraphs give some indication
of the difference in type of problem encountered by statisticians work-
ing for individual concerns and by those who engage in business re-
search in some other capacity. Specific techniques that are important
in one type of work may be less so in the other, but a common body
of method is used in either case. Since the primary purpose of this
book is to present a systematic development of statistical method, no
occasion will arise for keeping the two types of statistical problems
separate. Examples will be drawn from either to illustrate the discus-
sion of methods employed in both.

Statistical Background of Business Activity

The extent to which business operations depend upon a background
provided by statisticians is not generally realized. This statement is
equally applicable to every technical specialist who is a part of the
business structure, but the obscurity of the statistician’s contribution is
particularly striking because of the wide ramifications of his work.

The nature of the work of the statistician can be explained with the
aid of some published statements concerning business affairs.

Example 1.—"Wages [in 1938)" Swift and Company Year Book
(1938), p. 26:

Since 1923 the average hourly wage rate for Swift & Company’s Chicago
plant workers has increased by 52 per cent, while the number of hours in the
basic working week has been reduced from 48 to 40. Actual weekly earnings
per worker are about 37 per cent greater than in 1923. Taking into account
the changes in living costs, these weekly earnings provide Swift & Company
plant workers with approximately 57 per cent higher “real” wages than they
received in 1923.

The statistical department of Swift and Company presumably main-
tains employment records containing average hourly wages, the number
of hours worked per week, and the average weekly earnings per worker
in 1923 and in 1938. The computation of the per cents of increase is,
of course, routine work. Indexes of the cost of living are published
by the United States Bureau of Labor Statistics and the National Indus-
trial Conference Board. A comparison of weekly wages of Swift and
Company employees with a cost of living index gives the increase in
real wages.
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Example 2.—"Your Food Supplies and Costs,” Consumers’ Guide,
Vol. V, No. 10 (October 24, 1938), p. 16:

EGGs. Supplies are expected to continue smaller than a year earlier during
the remainder of 1938, but in 1939 supplies probably will be bigger than in
the current year. Relatively small stocks of storage eggs, coupled with smaller
fresh egg production than in 1937 have been the major factors behind the
larger than usual price upswing this year. Storage stocks are an important
source of supply during the last quarter of the year when fresh egg production
reaches its lowest level. Current storage stocks are almost a third under a
year ago.

Continuation of the present rate of increase in prices would result in peak
egg prices in November considerably above their 1937 level and might result
in the highest prices since 1930. There is some possibility, however, that fresh
egg production may comprise a larger than usual proportion of total supplies
during the last two months of the year because of the large hatchings this
spring. This condition would offset part of the price boosting effect of small
storage stocks. Retail egg prices went up 5 cents a dozen from August to
September and were a cent a dozen higher than last September.

The statistical background for this analysis of egg prices has been
supplied by the United States Department of Agriculture. Local offices
of the department in all parts of the country send regular reports to
Washington concerning conditions in their areas. The analysis of these
reports by the statistical division provides information concerning the
supply of eggs for the latter part of 1938 and early 1939, the size of
cold storage holdings, the prices of eggs during the year, and the
prospective supply of egg-laying pullets. Previous studies of the depart-
ment afford a basis for the statement that “storage stocks are an impor-
tant source of supply during the last quarter of the year when fresh
egg production reaches its lowest level.” Comparisons of current re-
ports with department records show absolute and relative price changes
from earlier months as well as earlier years.

Example 3.—Buffalo Evening News (November 22, 1938), p. 29:

YULE SALES MAY EQUAL $1,200,000,000 OF 1937

NeEw York, Nov. 22 (AP).—A busy Christmas shopping season was
foreseen today by the National Retail Dry Goods Association.

An analysis by its accounting experts, the association reported, indicated
dollar sales in department and apparel specialty stores of the nation in the
four weeks preceding Christmas may approximate $1,200,000,000, about the
same as in the comparable 1937 period.
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Actually, the number of items traded across store counters, it was pointed
out, may exceed last year's Christmas trade because department store prices this
year are about 7 per cent lower on the average.

As stated in the article the accountants have estimated that sales
during the Christmas season of 1938 will be very satisfactory, but the
main point is the work of the statistician which is back of the innocent-
looking statement that prices of department store goods are about 7 per
cent lower than they were in 1937. This conclusion is probably based
on the “Index of Prices of Department Store Goods” prepared
monthly by A. W. Zelomek and published in Fairchild Publications.
This index is based on prices of 105 nonstyle items collected monthly
from 53 retail-trade organizations.

Example 4—"The Trend of Business,” Dun’s Review, Vol. 46,
No. 2121 (May, 1938), pp. 30-31:

On the charts, the present state of business activity bears some resemblance
to that of 1934. A few of the more important measures—national income,
department store sales, wholesale prices, construction contracts—are still above
early 1936 levels, considerably higher than in 1934. On the other hand, indus-
trial production is down to the 1934 average; primary distribution, measured
by railroad carloadings, is the lowest since November, 1934; the Annalist index
of business activity for March, the lowest since November, 1934; the Times
average of 50 stock prices for the first three weeks of April, the lowest since
September, 1934.

The first sentence indicates that charts have been prepared by statisti-
cians showing the course followed by various indicators of business
conditions in recent years. The computation of the national income
requires the continuous attention of a corps of statisticians in the
United States Department of Commerce. Department-store sales are
reported by over 400 individual stores to the Federal Reserve Banks
of the districts in which the stores are located. Indexes of sales are
prepared for each district as well as for the United States as a whole.
Wholesale price indexes are prepared by a number of statistical agen-
cies, but the most widely used index is that of the United States
Bureau of Labor Statistics computed by an elaborate technique and
based on prices of over 800 commodities. Data on construction con-
tracts are collected by the F. W. Dodge Corporation through local
offices and correspondents in 37 states east of the Rocky Mountains.
An Index of Industrial Production is published by the Board of Gov-
ernors of the Federal Reserve System. The research staff prepares the
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index by the application of elaborate statistical techniques to data com-
piled from trade journals, reports of trade associations and government
bureaus. Railroad car loadings are collected from individual railroad
companies and prepared for publication by the Car Service Division of
the Association of American Railroads. The Annalist index of business
activity is a cyclical index corrected for trend and seasonal variation by
an involved statistical process. The New York Times average of 50
stocks is a product of the newspaper’s research staff.

Articles similar to these are presented every day to the reading pub-
lic and they exert a widespread influence over the conduct of business
affairs. These four examples give some indication of the variety of
the activities of business statisticians and of the multiplicity of methods
and techniques they employ. The orderly development of basic meth-
ods and techniques and their relation to various business activities
become the subject matter of a textbook in statistics.

PROBLEMS

1. What distinguishes statistical data from abstract numbers?
2. Apply this distinction to the following; give reasons for your answer in

each case:
A
NUMBERS SQUARES Slg‘”‘“ RECIPROCALS
00TS
b N 2601 7.1414 .019608
b 2N 2704 7.2111 .019231
b} J 2809 7.2801 .018868
b7 2916 7.3485 018519
b 5 3025 7.4162 .018182
B
REPORT OF OVERTIME WORKED BY LOCAL BRANCHES OF A LABOR UNION
Axount or OVERTIME No. or Locars
(0 T 2
Occasionally ........ccovvivvvinnnns Ceeaee it 5
Never more than 6 hours per week........c..ovvnnnnn. 1
When NeCESSATY .. vvvveivennrenreeneranennieeeenannann 3
Five hours regularly.............co0een e e, 2
Total ... ettt i et i 13
C
ADDITIONS TO TERRITORY OF CONTINENTAL UNITED STATES AFTER 1783
TERRITORY DATE or ADDITION
Northwest Territory .....oovvevviiii i, 1787
Louisiang Purchase ...........ciiveiiveennennnnen.. 1803
Florida t.vveernrininneneeeenennenesoeneenaennenns 1819
Texas ........ 1845
Oregon ......... 1846
Mexican Cession 1848

Gadsden Purchase .............. et eeeene e, 1853
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D
HOURLY UNSKILLED HIRING WAGE RATE OF A GROUP OF MANUFACTURING CONCERNS
IN 1
CONCERN 936 HourLY WaGk Rate
(in Cents)

A 32

= e 36

€ ittt i i i i e i e i i e e s 30

) TS 40

N 35

3. What are the differences between the study of general statistics and busi-
ness statistics?

4. Why is statistics not listed as a division of business activity?

5. List the differences in function of the statistician employed by a private
concern and one employed by some other type of organization.

6. In the preparation of which of the following reports would the statistician
initially compiling the data be employed by an industrial concern?
a) Monthly production of automobiles and trucks by General Motors.
b) Weekly freight car loadings of coal in the United States.
¢) Daily bank dlearings of the Buffalo Clearing House Association.
d) The monthly production of crude oil in the United States.
e) The net profits of the Erie Railroad for the first six months of 1930.
f) The daily messages carried by the New York Telephone Company.
g) The number of airplanes arriving and departing at the Buffalo airport.
b) Number of bank employees:

NaME oF Bank ExkcuTivis CLERKS

Export ........coiiiiat. 23 180
First National, ........... 14 200
etC. . coe
Total ................ 212 1325

7. Describe the statistical material found on the financial pages of an urban
newspaper. Be sure to give exact reference to the issue and edition of
the paper.

8. Select from a current publication an article similar to the examples in the

text. State what work has been done by statisticians in the preparation of
the article. Give exact reference.
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CHAPTER 11
THE USE OF NUMBERS

INTRODUCTION

N BUSINESS practice there is an increasing trend toward the
I expression of ideas in numerical form. The manager of a store

no longer reports that business is improving, but that sales last
month were 16 per cent better than in the corresponding month of
last year. The banker no longer relies solely upon his personal judg-
ment in granting loans, but uses a set of ratios, derived from the finan-
cial statement of a prospective borrower, to aid him in determining
the concern’s credit standing. A similar tendency toward more precise
methods can be found in all parts of the business structure. In no small
degree this tendency accounts for the increasing demand for a knowl-
edge of statistical methods.

On the other hand teachers in various parts of the country have
remarked that young men and women of college age show a decline
in ability to carry out numerical operations and particularly an increas-
ing inability to think in numerical terms. It is not the function of a
textbook in statistics to reverse this tendency. The fault is too funda-
mental for that. This condition does explain, however, why it is desir-
able to pause for a brief statement concerning methods of computation
before proceeding with the development of statistical techniques.

The necessary computation which accompanies statistical work
consumes a vast amount of time. The greater part of such computation
is purely repetitive in character; consequently methods of shortening
the time spent in doing it will allow more of the student’s time to be
spent in studying statistics and less in practicing arithmetic. Hence
the following pages are devoted to a review of arithmetic operations.

THE FUNDAMENTAL OPERATIONS
Addition
Computations should be performed rapidly. The advantage in
speed lies not merely in the time saved, but mainly in the confidence

13
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gained for those who waver and in the attention preserved for those
whose minds might wander. There is some advantage here in illustrat-
ing the wrong method. Suppose that the following columns are to

be added:

2641

362

570
1369
8147
4216
2164

All too commonly in the author’s experience the student’s mind goes
through the following steps: adding up from the bottom, 4 and 6 are
10, 10 and 7 are 17, 17 and 9 are (then 9 are told off on the fingers)
are 26, 26 and 2 are (I think I'll go to lunch after this class). Let me
see, I was adding something. Oh yes, 4 and 6 ate 10, etc.

To eliminate this wandering the addition should be done at the
maximum speed possible, naming only the successive sums. So, first
column, 10, 17, 26, 29; second column, 9, 19, 26, 36; third column,
6, 10, 15, 24; fourth column, 8, 16, 19. There is everything to be gained
and nothing to be lost by performing addition at a rate of speed which
will leave no time to worry about an impending lunch hour. There are
students who can be busily engaged for as much as 2 minutes in adding
these columns of figures, whereas 15 seconds is the maximum time
which should be spent.

Those who have difficulty with the amount to be carried from one
column to the next may prefer to write the total of each column
separately as indicated below.

29
34
21
17

19469
This method is advantageous if one is likely to be interrupted.

Subtraction

The results of subtraction should always be checked by adding the
subtrahend and the remainder.
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38642 minuend
(—) 12966 subtrahend

25676 remainder
(+4) 12966 subtrahend

38642 check

Subtraction of numbers can be performed mentally by using a
method of excess and deficit in relation to a round number such as 100.
In subtracting 69 from 118, the minuend is 100 + 18, the subtrahend
is 100 — 31; therefore the difference is 18 4 31 = 49. Other similar
examples are:

263 = 200 4 63 547 = 500 + 47
—186 =200 — 14 —490 = 500 — 10
77 remainder 57 remainder
1245 = 1000 4 245 2317 = 2200 4 117
— 893 = 1000 — 107 —2049 = 2200 — 21_
352 remainder 268 remainder

After this method has been mastered, it will not be necessary to put
any of the computation on paper. With sufficient practice the method
can be used in fairly complicated operations. For example,

12286 = 12000 4 286) . 4260 = 4000 - 260
— 1143 = 1000 4 143 Subtracting —2749 = 3000 — 251
11000 4 143 = 11143 1000 - 511 = 1511
Multiplication

The greatest saving of time in multiplication results from the use
of short cuts. These are derived from well-known principles of arith-
metic and algebra as indicated in the examples of various methods
which follow.

The Use of Reciprocals.'—One number multiplied by another is the
same as the first number divided by the reciprocal of the second.

763 x 5 =19 =120 = 3815

1582 x 25 = 188200 = 39550

220 x 50 = 22J% = 11000

17228 X 125 = 17228000 — 2153500
15415 X .16 = 18418 = 2569.17

1The reciprocal of a number is defined as unity divided by the number, i.., the
reciprocal of S is 1+ 35 =.2. The reciprocal of 40 is 1+ 40 = .025. The reciprocal
of 25 is 1+ .25 =4.

bl I S
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Multiplier Near Ten or a Power of Ten.—
6. 27 X 99 = 27(100-1) == 27 (100) — 27(1) == 2700 — 27 = 2673
7. 366 X 1001 = 366000 }- 366 = 366366
8. 2746 X 11 = 27460 - 2746 = 30206

Squaring Numbers Ending in Five*—
9. 25% =(2 X 3)100 4 25 = 625, i.¢., 2(2 4 1) and annex 25
10. 75% =(7 X 8)100 4 25 = 5625, i.e., 7(7 4 1) and annex 25
11. 1052 =(10 X 11)100 4- 25 = 11025 i.e., 10(10 4- 1) and annex 25
12, 4052 = (40 X 41)100 4 25 = 164025, i.e., 40 (40 + 1) and annex 25

Last Digits Totaling Ten®>—
13. 67 X 73 = (70 — 3) (70 4 3) == 4900 — 9 = 4891
14. 93 X 105 = (100 — 5) (100 4 5) = 10000 — 25 = 9975
15. 89 X 111 = (100 — 11) (100 4 11) = 10000 — 121 = 9879
16. 4.1 % 2.9 = (3.5 +.6) (3.5 — .6) = 12.25 — .36 = 11.89
17. 640 X 5.6 = 100 (6.4 5.6) = 100(6 4 .4) (6 — .4) = 100(36 — .16)
=100 X 35.84 = 3584

A Method of Squaring Any Number.*—
18. 723z (72— 2) (724 2) 4 22 = (70 X 74) + 4 = 5180 4 4 = 5184

19. 153% = (153 — 3) (153 4- 3) 4 32 = (150 X 156) 4 9 = (100 X 156)
4+ (50 X 156) 4 9 = 15600 -} 7800 4 9 = 23409

Division ,

There are a few worthwhile short cuts in division, based mainly on
the use of reciprocals.® Commonly used among these are,

20. 5725 -+ 25 = 5725 X .04 = 57.25 X 4 = 229
21. 280400 <+ 50 = 2804 X 2 — 5608

22. 12750 4 500 = 12.75 X 2 = 25.5

23, 245925 <+ 125 = 245.925 X 8 = 1967.4

It is to be expected that the reader who employs the few short cuts
listed here will develop many more to aid him as he progresses in the

2To square any number ending in 5 multiply the part of the number to the left
of 5 by one more than itself and annex 25 to the product.

8 Examples 13 to 17 make use of the algebraic identiéy (a4 b)) (a—b)=a2— b2

4 The same algebraic identity is used as in the preceding examples but the form is
changed to 43 = ? + b) (a— b) + b2,

5The use of reciprocals changes division to multiplication whereas the use of
reciprocals on a preceding page changed multiplication to division.
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use of numbers. There is no standard set which can be recommended
for the use of everyone. Each person should employ those which result
in time saving for him and come to mind naturally. Just as every
person has an individual style in writing so every person will develop
an individual set of short cuts in computation.

The Order of Performing the Fundamental Operations

When the operations of addition and subtraction are employed in
a problem, the order of performing them makes no difference in the
result. Thus:

504275 — 364 5 —210=284
or 275 — 36450—2104 5=84
or —2104 50 —3642754 S5=84

The introduction of parentheses into such a series indicates that the
operations within the parentheses must be performed first. There will
be no difference in the result when the sign preceding a parenthesis
is plus, but when it is minus, it has the effect of reversing the sign
of every figure inclosed. Thus:

69— 634 58 — 10 =54
69 — (63 4 58) — 10 = 69 — 121 — 10 = —62
69 — (63 4 58 — 10)= 69 — 111 = —42
but
69 — 63 4-(58 — 10) =69 — 63 4- 48 = 54

When the operations of multiplication and division are employed
in a problem, the order of performing the division does alter the result;
hence in order to avoid ambiguity, it is necessary to inclose in paren-
theses the figures that are intended to be used together as numeratot
and denominator. Thus:

(250 - 10) X 2 =25 X 2 =50
but
250 = (10 X 2) == 250 =+ 20 = 12.5

If several signs of grouping are used in the same problem, the rule
is “"Work from the inside out.” Thus:
—5[{26 (36 +9)} = 52] = —5 [{26 X 4} + 52] = —5 [104 =+ 52}
=—5%

_— =1

When multiplication or division or both appear in a problem along
with addition or subtraction or both, with no parentheses, the opera-
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tions of multiplication and division must be performed first. If paren-
theses are introduced, the rules already quoted will apply. Thus:

550 4 10 X 7 — 60 == 5 == 550 4 70 — 12 = 608
(550 4 10) X (7 — 60) =5 _.560>< (—53) + 5= —29680 =5
= —5936
(550 - 10) X [7 — (60 + 5)] = 560 X [7 — 12] = 560 X (—5)
1800

FRACTIONS

Sometimes computations are carried on in common fractions and
sometimes in decimals. It is desirable therefore to know how to per-
form operations with both and how to convert one into its equivalent
in the other.

Common Fractions

Addition and Subtraction~—To add }, 3, and %, the common denomi-
nator must first be found. The common denominator is the small-
est number divisible by the individual denominators, in this case
2, 3, and 5. By inspection this is 30; there is no smaller number
divisible by 2, 3, and 5. The three fractions with the common denomi-
nator 30 are }§ + 38 + % = 33 or 15%. Suppose that the four fractions
343, 5¢%, 25%, and 8% were to be added. When, as in this case, the
common denominator is not evident by inspection, the general method
of finding it is to reduce all of these individual denominators to their
prime factors and take the product of the prime factors appearing
in the reduction. The form for finding the common denominator of
the given fractions is:

.

Divisors Denominators
2 36 15 20 9
2 18 15 10 9
3 9 15 5 9
3 3 5 5 3
5 1 5 5 1
1 1 1

The process consists in dividing by 2 as long as any of the denominators
are divisible by 2. Then do the same with 3 and so on using only
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prime® numbers as divisors until unity is reached in each column.
When any denominator is not divisible in any row, it is simply carried
along until a divisor is used by which that denominator is divisible.
The common denominator will be the product of the prime divisors
on the left, ie., 2X 2X 33X 3X 5=180. The four fractions ex-
pressed in terms of the common denominator are, 385 + 548 + 2+

+ 874 = 18188 = 19.

Subtraction of fractions is performed by the same process of reduc-
ing to a common denominator. For example, in subtracting 6% from
138 both fractions should be changed to the common denominator 90.
Then 134§ — 633 = 121°% — 635 = 635 = 65%-

Multiplication—The type of multiplication problem most common
in statistical work involving common fractions is similar to that met
by the bookkeeper in extending bills or inventories, e.g., 4§ dozen
shirts at $16} per dozen. Reduce each number to an improper fraction:
43 =22 and 16} = 3 ; then the total value of the shirts would be

09X T_zxxx,a’xll — 29)4(11=_§i_2=$79%_

Division.—The rule for finding the value of the quotient of two
fractions is: invert the fraction in the denominator and multiply.
Some examples are:

3;1~}x{=3

Decimal Fractions

The preceding paragraphs have dealt with problems containing
common fractions. It is equally necessary to be conversant with meth-
ods of dealing with decimal fractions. In fact decimals are more
frequently employed in statistical work than common fractions. The
use of calculating machines requires the expression of fractional
amounts decimally. It is necessary therefore that statisticians acquire
facility in handling both common and decimal fractions and be able
to convert one to the other automatically. To convert a common frac-
tion to a decimal the numerator is divided by the denominator, i.e.,

3=10+5=22
= 3.000 +~ 8 = .375
tho = 5.000 + 140 = .0357 - - -

8 A prime number is one that is divisible only by unity and the number itself.
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Decimal Fractions and Per Cents—When any number is expressed
as a decimal or a per cent, it simply means that the numerator of a
common fraction is written, the denominator being understood without
writing it. Decimals mean a certain part of one unit, while per cents
mean a certain part of 100 units. Thus, .5 means five-tenths of one
unit, or one-half, while 50 per cent means 50 of 100 units. Obviously
4 of every one and 50 of every hundred are merely two ways of
expressing the same relation; hence we say that .5 is equivalent to 50
per cent. The rule is: To express a decimal as a per cent move the deci-
mal point two places to the right. The reverse rule is: To express a
per cent as a decimal move the decimal point two places to the left.

It is important for the statistician to be able to change from com-
mon fractions or decimals to per cents and the reverse with accuracy
and without consuming much time in the process. Table 3 gives a
list of equivalents that can be referred to until their use becomes
automatic.

TABLE 3
List oF CoMMON FRAcTIONS WiTH THFIR DFCIMAL AND PER CENT EQUIVALENTS
r——— e ———— - - - R = — St - |
CommoN EourvareNnTt | EourvaLeNT ConnmoN EouivaLENT | EOUIVALENT
FRACIION DicimaLn Per Crni FracrioN DEciMAL PeR CENT
1705 .. .001 1 3 .625 62.5
8. . .002 2 .875 87.5
e ... L .0025 .25 % 166+ -+ 16.66 -+«
sdv ... . .00333 - - - 33 H .833--- 83.33 .
zto. .. .. . .004 4 . 2 20.
ade.... .. .005 5 4 40.
T, .. .. .00625 625 2 6 60.
¥ ... .. .| 0075 .75 % .8 80.
1o .o .01 1. i 25 25.
wws ... ... | .01y 15 3 .75 75.
o .02 2. 3 33 3333
™o .025 25 H .66 - 66.66+
™ws . .03 3. ¥ .5 50.
T . .0333--- 3.33--- E3 15 150.
TE s .04 4. ] 133.-- 133.33 -+
9. . .05 5. i 125 125.
s .. .0625 6.25 ¥ .. 1.75 175.
... 066+ - - 6.66 -« 28 L. . 22 220.
. .0833 .- 833.-- 3 . 3 625 362.5
T .. 4166+ - 41.66+ -+ 4 ... 4.875 487.5
7 .. .5833- - - 58.33+-- 56 ... 5833 .- 583.33- ..
.. 9166+ + 91.66+ - - 87 .. 81 810.
: S 125 12.5 1075 . . 10 3125 1031.25
... 375 37.5 129 . 12 35 1235.
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Calcalation of Per Cents.—The three terms of a per cent calculation
are: (1) the base, b, (2) the rate, 7, and (3) the percentage, p. The
fundamental relation is b X r=p. Given any two of these terms
the third one can be found from the fundamental relation. There are,
therefore, three types of problems which arise. Each of these is illus-
trated in the examples which follow:

bXr=p

Example 1: How much is 5 per cent of 12420?

This means that 5 of every hundred in 124.20 hundreds are to be
counted, so 5 X 124.20 = 621, hence 5 per cent of 12420 is 621.

The simpler way of doing the same thing is to multiply the given
number, 12420 by .05 = 621. That is, instead of taking 5 out of every
hundred in the original number, take .05 out of every one in the orig-
inal number.

Example 2: How much is 364 per cent of 1250?
1250 X 3.64 = 4550.
Example 3: How much is 750 increased by 40 per cent of itself?
750 4 (750 X .4) == 750 4 300 = 1050, or 750 X 1.4 = 1050.
Example 4: How much is # of 4875? % per cent of 4875?
4875 X .4 = 1950. 4875 X .004 = 19.50.
pr==éb
Example 5: 450 is 75 per cent of what number?

If 75 per cent of a certain number is 450, then 1 per cent of the

number is-%-of 450 or 6. If 1 per cent of a number is 6, then

100 per cent of the number is 100 times 6, or 600. Therefore the
number is 600. The work can be shortened as follows: 450--.75=0600.

Example 6: 375 is 12} per cent of what number?
375 = .125 = 3000.

Another solution would use the 12} per cent as 3. The problem
would then read, 375 is § of what number? The number is 375 X 8 =
3000.

Example 7: 12500 is 4 of what number?
If 12500 is 4 of the number, then } of the number would be $ of
12500 or 3125. If § of the number is 3125, then § or 100 par cent
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of the number would be 3 times 3125, or 9375. Therefore the number
is 9375. The pencil and paper solution would be, 12500 +-1.3333 =
9375 plus a remainder. This remainder is, of course, due to the use
of an approximate divisor. The advantage of the common fraction
solution is obvious.
p+b=r

Example 8: What per cent of 24 is 3?

This problem may be worked in two ways,

a) 3 is § of 24 or 12} per cent of 24.

b) 3+ 24=.125 or 12} per cent.

Example 9: What per cent of 8100 is 17415?
17415 -+ 8100 = 2.15 or 215 per cent.

Although the wording of a problem may somewhat obscure the
case, all per cent calculations can be expressed in one of these three
forms. With sufficient practice in dealing with per cent problems no
difficulty should be encountered in determining which of the three
forms is to be used.

SQUARE ROOTS

The five commonly used methods of determining square roots of
numbers are («) by inspection, (&) by arithmetic, (¢) by the use of
logarithms, (4) by the use of a table of square roots, and (¢) by the
use of a slide rule. Only the first and second methods will be discussed
at this time. The use of logarithms is explained in Appendix C. A
table of square roots has been provided in Appendix D. The use of
a slide rule can be learned best from the manual of instructions pro-
vided by the manufacturers of slide rules.

By Inspection

The approximate value of the square roots of many numbers can
be ascertained by a process of mental interpolation, if one has at com-
mand the values of the square roots of a few numbers or makes use
of the short-cut method of squaring numbers ending in five. The
inspection method can be explained easily by the use of an example.
Suppose the square root of 457 were wanted. Twenty squared is 400
and twenty-five squared is 625. The square root of 457 is somewhere
between 20 and 25, but it is obviously closer to 20. The difference
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between 400 and 625 is 225, 57 is approximately one-fourth of
this amount, therefore the square root of 457 is approximately 20 +
#(5) or 21.25. The correct value is 21.38, hence the value by inspec-
tion is not even correct to one decimal place.

A variation of the method used in the preceding example will yield
better results if a calculating machine is available. Suppose the square
root of 12750 were wanted. The square of 105 is 11025 and the
square of 110 is 12100 and the square of 115 is 13225. The square
root of 12750 is between 110 and 115 but is a little closer to 115.
Therefore square 113 on the calculating machine, securing 12769.
This is rather close, but the next step, if more accuracy is wanted, is to
square 112.9. The result 12746 is still closer and further trials will
give 112.92 as the correct root to five figures.

The inspection method yields good results quickly after a little
practice. Even though it is not used as a method of finding the square
root, it is valuable as a checking device when other methods are em-
ployed. This is particularly true when roots are found by logarithms,
the slide rule, or a square root table.

By Arithmetic Computation

When no auxiliary devices are available and accurate results are
required square roots can be found by the following steps.

Step 1.—Divide the number into groups of two digits each way
from the decimal point. The last group on the left will contain only
one digit if the number has an odd number of digits to the left of the
decimal point.

Step 2—The largest number whose square does not exceed the
value of the digit or pair of digits in the left-hand group of the number
is the first figure of the root. This figure is entered above the left
hand group.

Step 3.—Subtract the square of the first figure of the root from the
left group of the number.

Step 4.—At the right of the remainder of Step 3, annex the figures
in the second group of the number. This is the new dividend.

Step 5.—Double the root already found and annex one zero to the
right as a trial divisor and divide it into the dividend of Step 4 to
obtain the second figure of the root which is entered over the second
pair of digits. This new figure will often be too high and must be
corrected by trial and error.
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Step 6.—The new figure is added to the trial divisor of Step 5 to
give the true divisor which is then multiplied by the new figure of
the root to give a product which is entered under the dividend of
Step 4.

Step 7.—This product is subtracted from the dividend, the next
group of digits is annexed on the right of the reminder, and the
process of Step 5 and Step 6 is repeated.

I'wo examples of the use of these seven steps in extracting the
square root are shown in Figure 1. The examples are constructed
to emphasize the growth of the solution as the successive steps of
the process are applied to the examples. The complete solution for
future use is given in the last computation at the bottom of the Figure.

FIGURE 1

Two EXAMPLES OF THE DEVELOPMENT BY SUCCESSIVE STEPS OF THE SOLUTION FOR
EXTRACTING SQUARE RooT

Find the square root of 12750 Find the square root of 4693.49
Steps 1, 2 and 3 | 1 | 6
1 27 50. 46 93.49
1 36
0 10
Steps 1, 2, 3 | 1 | 6
and 4 1 27 S0. 46 93.49
1 36
27 10 93
Steps 1, 2, 3, ] 1 1 | 6 9
and 3 1 27 50. 46 93.49
1 36
. 20)27 120| 10 93
Steps 1, 2, 3, 4, |1 1 | 6 9
5 and 6 1 27 30. 46 93.49
1 36
20|27 120110 93
1 9
21121 12911 61*

* This product is too large,
hence the new root should
be 8, as shown below:

| 6 8
46 93.49
36

120/ 10 93
8
8

12 IlO 24
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FIGURE 1—Cont.

Two EXAMPLES OF THE DEVELOPMENT BY SUCCESSIVE STEPS OF THE SOLUTION FOR
EXTRACTING SQUARE Roor

Steps 1, 2, 3, 4, | 1 1 2 | 6 8.5
5, 6 and 7 1 27 s0. 46 93.49
1 __ __ 3
20|27 120{10 93
11 8!
21|21 128 |10 24
2206 50 1360 | 69.49
2] —1
22214 44 1365 | 68.25
Steps 5, 6 and | 1 1 2.9 | 6 8.5 ot
7 repeated 1 27 50.00 46 93.49 00
1 __36
20|27 120110 93
1l _81
21]21 12810 24
220|6 50 1360 | 69.49
2 5
2224 44 1365 | 68.25
22402 06.00 13700| 1.24 00
9
22492 02 41 113700 will not go into
212 02 41 12400, therefore the next fig-
ure of the root is 0 and the
next group of figures is
brought down.
Steps 5, 6 and ] 1 1 2.9 1 | 6 8.5 0 9
7 repeated 1 27 50.00 00 46 93.49 00 00
1 ___36
20|27 120|110 93
1l _8|
21]21 12810 24
22016 50 1360 | 69.49
— 51
22214 44 1365 | 68.25
224012 06.00 137000{1.24 00 00
9 91
22492 02 41 137009 | 1.23 30 81
22580 3.59 00 69 19
1
22581 2.25 81
1.33 19
% The square root of «*.The square root of 4693.49
12750 is 112.92. (The is 68.509

last digit of the root is
increased to 2 because
the remainder is more
than half of the last
divisor.)
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The example on the right shows how to find the new figure in the
root by trial and error in Step 5 and how to deal with a zero in
the root. There will be one digit to the left of the decimal point in the
root for every pair of figures to the left of the decimal point in
the original number. Likewise there will be one digit to the right of the
decimal point in the root for every pair of figures appearing in or
added to the original number to the right of the decimal point. The
last statement is particularly important in taking the square root of
numbers less than one.

ACCURACY OF STATISTICAL DATA

The question of how many figures shall be retained in the result
of a computation is particularly important in statistical work because
many of the data employed are to some degree approximate. The
problem of the statistician can be explained by contrasting his compu-
tations with those of the bookkeeper who is engaged in keeping a
record of numerical facts in dollars and cents. The latter must keep
his records accurate to two decimal places. Suppose the following
inventory of raw materials was being prepared:

1,367 ft. 1 in. round iron at $5.25 per 100 ft. $71.77
11,000 ft. 2} in. X } in. strap iron at
$7.624 per 100 ft. $838.75
etc.

The first entry might be carried out to four decimal places, i.e., to
$71.7675, but the last two places are of no value to the bookkeeper
who is interested in accuracy only to the nearest cent. Similarly the
second entry is carrigd to cents although the 11,000 ft. may be only
an estimate and even the $838 not entirely accurate. The question
of how many figures to retain does not arise in either of these cases
nor does it arise in any case for the bookkeeper. The statistician is not
in a similar position because more commonly he is dealing with data
that are not expressed in dollars. Even when he deals with data ex-
pressed in dollars the question is not likely to be whether they should
be carried to the nearest cent but whether to use a unit of $100, $1,000,
or $1,000,000.

Statistics is often defined as the science of large numbers, and prop-
erly interpreted this definition is sound, but to many it merely marks
the statistician as one who works with figures containing six or eight
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or even ten digits. Nothing could be farther from the facts than this
impression. True, the statistician deals with aggregates of the magni-
tude of millions or billions, but a part of his working equipment con-
sists in the use of well-established rules for rounding off large numbers.

Rounding Off Numbers

Meaning.—Precision work in a machine shop is seldom more ac-
curate than to one part in a thousand. If the statistician dealing with
data concerning the business world can achieve the same degree of
accuracy as the machinist, the results will be amply satisfactory. Let
us examine the meaning of data accurate to one part in a thousand.
The average weekly earnings of factory workers in December, 1936,
according to the National Industrial Conference Board, was $26.63.
This figure is an average obtained by dividing total weekly payrolls
by number of workers employed and means that the result of the divi-
sion was somewhere between $26.625 and $26.635. Hence a complete
statement of the figure would be $26.63 = .005. That is, a variation
of as much as .005 may be present in 26.63, or a variation of 5 in
26,630 which is equivalent to 1 in 5,326. The average weekly earn-
ings figure quoted to the nearest cent, therefore, is accurate to 1 part
in 5,000 approximately.

From this example it will be clear that any figure quoted to four
digits is accurate to at least 1 part in 2,000, on the assumption,
of course, that the four quoted figures are accurate. Hence all the
precision that is needed in statistical work can be provided by maintain-
ing accuracy to four digits. In the preceding example this requirement
was met by quoting weekly earnings to the nearest cent, but more gen-
erally four-digit accuracy will be sufficient regardless of the relation
of the four digits to the position of the decimal point.

Significant Figures—In a single number or in the results of a com-
putation the digits that show the extent to which the figure is accurate
are called significant figures. Some examples will help in understand-
ing this definition. The number 98,000,000 has two significant figures
unless it is known from the surrounding circumstances that the zeros
are an accurate representation. If the actual amount represented may
be anything between 97,500,000 and 98,500,000 then only the first
two figures, 98, are significant and the zeros have no other purpose
than to show the position of the decimal point. On the other hand
if it is known that the actual amount lies somewhere between 97,999,-
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500 and 98,000,500 then the original number would have five signifi-
cant figures. That is, the first three zeros would be significant while
the last three would serve the function of showing the position of
the decimal point. Unless some indication to the contrary is given,
the final zeros of a whole number are not to be considered significant.
Likewise in a number less than one, zeros immediately following the
decimal point are not significant. For example, .00042 has two signifi-
cant figures, but .000420 has three significant figures because the final
zero should be taken to mean that the operation was carried to three
digits and the third one was found to be zero. That is, the actual facts
are somewhere between .0004195 and .0004205. But .00042 means that
the actual facts are somewhere between .000415 and .000425.

The argument of the preceding section can be summarized in terms
of significant figures as follows: regardless of the absolute size of any
datum 7 not more than four significant figures need be retained for
statistical purposes.

Method of Rounding Off—When data are expressed to more than
four significant figures, or more generally whenever a reduction in
the number of significant figures is desired, methods of rounding off
must be followed. There is no universally used set of rules for round-
ing numbers, but a set which has wide acceptance may be stated as
follows:

1. When more than five is eliminated the preceding digit should be in-
creased by one.
2. When less than five is eliminated the preceding digit should not be
changed.
3. When exactly five is eliminated the preceding digit should be increased
by one if it is an odd number but should not be changed if it is an
even number.

Examples:
GiveN Nuumser Rounpep NuMeer
1267862 1268
8762180 8762
5863500 5864
5862500 5862
5862517 5863

Sometimes a number rounded to four significant figures is subse-
quently rounded to three significant figures. This can be done by apply-

7 The word “data” should be used in a plural construction. The singular is “datum”
referring to a single item or figure as used here.
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ing the same rules, except for a number such as 467465. Rounded to
four significant figures the number becomes 4675 and subsequently
rounded to three significant figures according to Rule 3 it becomes 468,
but obviously the result of rounding to three significant figures should
be 467. This case is covered by an auxiliary rule sometimes followed
by computers: “If a number when rounded upward ends in an even
5, indicate that fact by a prime (").” According to this rule the
four-significant-figure result for the example would be written 4675’
to indicate that in any subsequent rounding to three significant figures
the third digit should not be increased to 8.

The foregoing is a statement of the mechanics of rounding off
numbers. However, the statistician’s problem does not end here,
because in many cases the data with which he must work will not be
accurate to four significant figures and usually the degree of accuracy
is not stated. In such cases formal rules must be supplemented by a
knowledge of the background of particular data. We proceed, there-
fore, to a detailed description of the kinds of figures which appear in
statistical work and the basis for judging their accuracy.

Counting and Measurement

In statistical work enumerations of two kinds appear: (1) those in
which the units are counted, and (2) those in which the units are
measured. For example, the value of exports of 102 countries in 1935
as reported by the United States Department of Commerce was
$11,580,000,000. The number of countries included in the report was
an exact count and any computations based upon it would not be
subject to error. The value of exports was obtained by totaling the
reports of customs of the several countries after converting the different
monetary units to dollars, using some agreed upon set of exchange
ratios. Due to inaccuracies of reporting within individual countries,
variations in methods of valuing exports and the complication of
applying exchange ratios between different monetary units, the figure
for value of exports is at best only an approximate measurement.

Cases similar to both of these appear in statistical work. Units
which are counted give rise to little or no difficulty in subsequent work.
They may be accurate to five or six or more significant figures but not
more than four need be retained in statistical work. On the other
hand units which are measured immediately lead to the question:
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How accurate are the results? Sometimes this question is answered
specifically.

For example, the United States Department of Agriculture defines
No. 1 Soft Red Winter Wheat as follows:

Minimum test weight per bushel......................... ... 60 Ibs.
(Scales accurate to one-tenth of a pound, hence the wheat must
weigh more than 59.9 pounds to be No. 1 grade.)

Maximum limits of

Damaged kernels ............ ..o, 2%
Foreign material ............ ... .o i il 1%
Wheat of other classes. . ........coiveieniienrenenenennns 5%
(All of these are taken to the nearest per cent when tests are
made.)8

Another example which states the margin of error is presented in
Table 4.

TABLE 4

LONG-TERM PRIVATB DEBT: ESTIMATED AMOUNTS OUTSTANDING FOR 1912, BY CLASSES *
(Amount of debt in billions and tenths of billions of dollars)

ESTIMATED PEer CENT MARGIN OF

Crass or Dxar DesT DISTRIBUTION Error

(per cent)
Total ............ “es 313 100.0 10
Railway ............ 10.7 34.2 ..
Public utility 5.3 16.8 S
Industrial ............... 4.5 14.4 10
Farm mortgage ........... 38 12.2 4
Urban real estate.......... 7.0 224 15

. Nore.—The margins of error shown in the table for private debt represent a non-statistical evalu-
ation of the figures by the estimator.

® Statistical Abstract, 1936, United States Department of Commerce, Bureau of Foreign and
Domestic Commerce, p. 273.

Examples of Measurement

More commonly the error to be expected is not indicated. Thus
the user of the data is left to judge the degree of accuracy which can
properly be attributed to them. Judgments of this sort must be based
upon a knowledge of the method used in obtaining the data and a
background of information concerning the source. For example, the
United States Department of Agriculture announces in December the
estimated crop of winter wheat for the year. The estimate as of
December 1, 1937, was 873,993,000 bushels. The department receives
annually about 160,000 reports from farmers in all sections of the

8 Handbook of Official Grain Standards of the United States, United States Depart-
ment of Agriculture, Bureau of Agricultural Economics, revised June, 1937,
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country; these include estimated acreage of wheat planted and esti-
mated yield per acre. The two estimates are multiplied together to
give approximate production in each locality. These approximate
production figures are then weighted according to the probable total
production which each represents, and combined. The result is an
estimate of the production of wheat in the entire country. The process
is actually much more refined than this incomplete statement would
imply. The results obtained, while not entirely accurate, usually prove
to be within 2 or 3 per cent of the actual production recorded in
agricultural censuses.

An example of a different sort is the monthly report of floor space
in new buildings contracted for, as compiled by the F. W. Dodge
Corporation. The totals for thirty-seven states of the United States
east of the Rocky Mountains are aggregates of the reports of local
offices in all sections of this area, supplemented by reports from cor-
respondents. The floor space in a building is estimated from the plans
used in letting the contract for the building. These estimates are not
intended to give the exact number of square feet of floor space; they
may vary as much as 10 per cent from the actual area. When many
such estimates are combined the underestimates tend to balance the
overestimates so that the aggregate figure may be much more nearly
correct than the individual estimates. However, in reporting
non-residential construction contracts for January, 1938, as 9,637,000
square feet, an error of as much as 200,000 square feet might easily
be present.

A third example is the report by the Bureau of Internal Revenue of
the Treasury Department on net income of corporations for a year.
The aggregate net income of all reporting corporations is carefully
compiled from the bureau’s files, hence the 1934 income of $596,-
048,000 is considerably more accurate than the figures of either of
the preceding examples.

These examples indicate the extent to which a background of
knowledge of methods of collection is necessary in understanding the
accuracy of data. The figures in the three illustrations are not equally
accurate. The crop estimate may easily be in error by as much as 1¢
million bushels, hence not more than two significant figures of the
estimate are accurate and it might as well be stated as 870 million
bushels. There is false accuracy in stating this estimate to the nearest
thousand bushels, because comparisons with the quinquennial census
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of agriculture show that the estimates usually differ by several million
bushels. False accuracy is common in published data but it causes
little difficulty so long as the background of the data is sufficiently
familiar for users to be aware that more significant figures have been
retained than is warranted.

The same argument applies to the figure for floor space of con-
struction contracts. It might better be stated as 9 million square feet,’
since a variation of as much as 200,000 square feet is inherent in the
method of collecting the data. On the other hand the figure for cor-
poration income tax is accurate to six significant figures, but there 1s
no need to retain more than four significant figures; hence the figure
should be written as 596.0 million dollars. The zero following the
decimal point is written just as a digit other than zero would be written
to show data accurate to the nearest hundred thousand dollars.

Significant Figures in Computation

The emphasis up to this point has been on the number of significant
digits to retain in a single figure or a list of figures pertaining to a
single subject. We are now ready to develop methods of dealing with
rounded numbers in performing computations. The rules applicable
to each of the four fundamental operations will be explained in order.*®

In Addition.—Each of the examples in Table 5 illustrates a par-
ticular point in dealing with approximate numbers. In Example A
exports from each division are given to the nearest hundred thousand
dollars. This is done because the data are no more accurate than to
that unit and because no greater accuracy is needed in statistical work.
In the total there is no reason for retaining the fifth significant figure,
and total value of "exports for 1934 may be stated as 2,133 million
dollars.

In Example B the operating revenues have been carried to the near-
est dollar. The data are perfectly accurate since they come from audited
statements submitted to the Interstate Commerce Commission by the
" 9 When the size of the unit in which data are expressed is increased the change should
be from single units to thousands or millions or billions rather than to intermediate sized
units, Thus 12,416,736 could be stated as 12,417 thousands if it were accurate to five
digits, as 12.42 millions if it were accurate to four digits, and as 12.4 millions if it
were accurate to three digits. The expression of the last two examples in the form
1,242 ten thousands and 124 hundred thousands, respectively, must be frowned upon
because of the potential confusion in the minds of students as to the number of zeros
to be added, if one wishes to return to the original unit.

10 These rules are not applicable to bookkeeping where accuracy must be maintained
to the nearest cent regardless of the number of significant digits retained in a particulat
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TABLE 5
ExAMPLES OF ROUNDING OFF MEASUREMENTS IN ADDITION

A B
VALUE OF UNITED STATBS EXPORTS OPERATING REVENUES oF CrLAss I RAIL-
OF MERCHANDISE BY COAST AND ROADS OF THE UNITED STATES
BORDER DIVISIONS, 1934 # BY SOURCE, 1934 *

Varuz or ExrorTs
(in millions and

Division tenths of millions)
North Atlantic ........... $ 8108 Souxce Revenue
South Atlantic ..... . 207.3 Freight ................. $2,629,301,525
Gulf Coast .............. 509.9 Passenger ............... 345,889,550
Mexican Border .......... 48.0 Mail .............0oaee. 91,139,847
Pacific Coast ............. 259.8 EXpress ......coceeeeeenn 54,013,025
Northern Border ......... 297.5 Other .......covvivunnns 151,222,875

Total ......oovvvnnne. $2,133.3 Total .....coovueennn ...$3,271,566,822

Rounded total ......... $2,133, Rounded total ......... $3,272,000,000

C

AREA OF LAND IN THE UNITED STATES FOR WHICH TITLE REMAINED WITH THE
GOVERNMENT ON JUNE 30, 1935 *

Usx NuMsxz
or Acmzs
National forests .......coviiieirnrnrnienenrnenenns 138,710,942
National parks and monuments. ..............coone. 8,724,737
Indian reservations (estimated net).................. 57,518,590
Military, naval, experimental reservations, etc.
(approxXimate) . .....c.ceeiriinieneennrcnarnanns 1,000,000
Unappropriated, but withdrawn (approximate)........ 197,261,754
Total ..ttt it it ettt a e, 403,216,023

Rounded total
* World Almanac, 1936.

................................. 403,000,000

railroads. There is, however, no advantage in retaining ten significant
figures in statistical work. According to the rule the operating revenue
may be stated as 3,272 millions of dollars or the figure may be carried
to dollars rounded off to the nearest million as shown in the table.

Example C differs from A and B in that part of the data are
approximations. The area of the military, naval, and other reservations
is estimated at 1,000,000 acres without any attempt to be more accurate.
The areas of the Indian reservations and the unappropriated lands are
likewise only approximate, yet the figures are given to an acre. There
is false accuracy in these two figures, and an inconsistency in the table.
The result should not be carried beyond the limit of the least accurate
figure which appears to be millions of acres. The total, therefore,
should be stated to only three significant figures.

The conclusion to be drawn from these examples is that usually no
more than four significant figures are to be retained in a sum, and when
the data are not accurate to four digits fewer should be retained to
avoid introducing false accuracy in the result. It is not to be implied
that all cases which arise will conform to these three examples. On
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the other hand study of these examples will provide guidance in the
selection of the proper number of significan figures to retain in any
set of data.

In Subtraction—The rules for subtraction are the same as those for
addition. For example, a method which is commonly used in measur-
ing the number of automobiles withdrawn from service each year
includes these steps.

Number of automobiles registered, 1933............... 23,843,591
Number of automobiles produced for the domestic market,

b . 7 S 2,442,589
Number which could have been registered, 1934........ 26,286,180
Number actually registered, 1934.............cc0vetn 24,933,403
Number withdrawn from service, 1934................ 1,352,777

This method is not particularly accurale as a measure of cars
“scrapped” because all second-hand cars taken in by dealers and not yet
resold as well as cars which are temporarily unlicensed by their owners
are included in the 1,352,777. At the moment, however, the rounding
off of the figures is the point of interest. In spite of the fact that these
figures imply an accurate count of automobiles, they are really subject
to a substantial margin of error. The exact amount of error is unknown,
but no inconvenience follows because there is no advantage in retaining
more than four significant figures. The result would therefore be stated
as 1,353,000 automobiles withdrawn from use during 1934. There is
no certainty that these data are accurate even to the nearest thousand,
but they would be assumed to be accurate to that extent unless definite
information to the contrary were at hand.

In Multiplication—The rule of four significant figures holds for
multiplication just as in the preceding operations, but an additional
rule must also be observed. The product of two measurement numbers
must not be retained to more significant figures than the least number
of significant figures in either the multiplier or multiplicand. For ex-
ample, during May, 1936, 2,648,330 long tons of pig iron were
produced in the United States. At that time the Composite Pig Iron
Price was $19.96 per long ton. The value of the month’s production
was 2,648,330 X $19.96 = $52,860,666.80. But the data for pig-iron
production are approximate to an unknown extent and the composite
price is an average which is accurate only to the nearest cent. Assuming
that the production figure is accurate to the nearest hundred tons would
give five significant figures, but there are only four significant figures
in the price. Therefore, the value of production should be stated to
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only tour significant figures and could be written 52.86 million dollars.
If the figure were written complete, it should be $52,860,000. The
reason for this approximation will be apparent from the two following
computations which show the maximum and minimum values which
this product may take when the last significant figure of each number
is given its maximum and minimum value.

A B
MINIMUM MaxiMuM
2,648,250 2,648,350
19.955 19.965
52,845,829 52,874,308

These products differ in the fourth significant figure. It is therefore
apparent that nothing beyond the fourth figure is of any value and
indeed that the fourth figure is not exact, although sufficiently accurate
for statistical work.!

The rule for multiplying also includes the special case of squaring a
measurement number. The significant digits of the square should not
exceed the significant digits of the original number. For example, the
square of the measurement 26.85 should be retained as 720.9.

In Division—The rule for division is: There should be no more sig-
nificant figures in the quotient than the least number which appears in
either the dividend or the divisor. The general rule of not more than
four significant figures in a statistical calculation also applies. For
example, the December 1, 1936, final estimate of the United States
cotton crop for 1936 according to the Department of Agriculture was
12,399,000 bales. The estimate of acreage harvested was 30,028,000
acres. The average yield per acre is obtained by dividing the produc-
tion by the acreage, i.e., " 12,399,000 - 30,028,000 = .41291 bales
per acre. The result may be carried to five digits according to the
rule that the significant figures retained in the quotient should not
exceed the number of significant figures in either dividend or divisor,
whichever is smaller. However, statistical work usually requires keep-
ing only four significant figures. Rounding off to four places, then,
the production is .4129 bales per acre. Actually the result would be
expressed in pounds by multiplying the average in bales (.4129) by
500. The average yield in pounds would be 206.5 per acre.

11 George G. Chambers, in An Introduction to Statistical Analysis (F. S. Crofts and
Co., New York, 1925), would not retain the fourth significant figure. His rule is *if the
product of two single number approximations is expressed as a single number approxima-
tion the integer [significant figures] of the product is less than the integer [significant
figures] of the least accurate factor,” p. 27.
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Suppose that the acreage harvested were not considered accurate to
the nearest 1,000 acres, but were reported as 30.0 million acres
accurate only to the nearest 100,000 acres. The average yield per acre
would then be 12,399,000 - 30,000,000 = .413 bales. The result
can be carried to no more than three significant figures because only
three are significant in the divisor. The reason for retaining only three
figures will be apparent, if the divisions are made giving dividend and
divisor their minimum and maximum values.

A B
MINIMUM MaxiMUM
12,398,500 12,399,500
=, 2 — 4140
30,050,000 4126 29,950,000 4

The fourth figure has no significance whatever since the two quotients
do not agree even. in the third figure. As stated in the discussion of
multiplication, the third figure is somewhat approximate but is accurate
enough for use in statistical work.*?

In Extracting Square Roots.—The revérse of the rule for squaring
numbers holds for square roots. That is, as many significant figures
may be retained in the root of a measurement number as there are in

the number. Hence \/57 — 18.1.

SUMMARY

The purpose of this chapter was stated as an attempt to set forth
in elementary form a background of computation methods which would
facilitate the work of subsequent chapters. The first part is devoted
to a review of arithmetic processes while the second deals with the
rounding off of figures for statistical purposes and the rules for
determining the number of significant figures to be retained. The
material presented is, of course, germane to all operations with num-
bers, but is particularly useful in statistical computation.

The primary task of the statistician is not, however, to make of
himself a “figuring fool.” The most important task is mastery of the
techniques which will Le developed in the chapters which follow.
Ability to compute rapidly and accurately must be considered as the
necessary background for, but not the main object of, statistical work.

12 Perhaps attention should be directed again to the meaning of the expression “good
enough for statistical work.” The figure .413 bales per acre appearing in print should
be taken to mean not less than .4125 and not more than .4135. The variation in either
direction is .0005 on .413 or 5 on 4130 which is a variation of one part in 826 and
this is accurate enough for statistical work.
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PROBLEMS

Problems 1-10 are self-tests in which the student can check his own per-
formance against the standard time listed. Do not write answers in the book
in order that additional trials can be made if the first one fails to meet the

time limit.

1.

2,

Addition (40 seconds)

943 167 4956 2286 6269
376 742 6237 7463 4728
641 969 312 9498 8247
879 378 8468 4537 3722
Addition (3 minutes) . “ ST
876 24.29 476,876 31.35 4832 1371.10
937 15.15 377,139 42.50 .1887 1229.48
711 41.69 991,387 1.46 .0942 782.20
492 39.63 398,872 23.59 .3948 59.35
321 2315 814,612 5.62 .0038 2892.36
173 " 15.12 329,388 7.35 .1850 755.73
288 4.28 376,441 66.75 .3763 3842.45
317 16.14 114,473 103.43 .0382 4721.21
222 34,99 787,224 35.78 .0976 2783.29
?ﬁé 55‘.29 716,3/26 !7.11 .1956 1972.48

A 2f  \h 3 n D \
Su(bt%hction ’V(?:‘S \ﬁeconds) hs LY RN TAIAL %) oﬂ-Lg
1090 8617 31.762 217.32 $27,218.45 $586.89

—585 —7758 —4.86 —29.685 —11,216.10 —497.98
Multiplication (1 minute, 30 seconds)
921 875 726 486 1269 8296
23 19 68 35 137 864
Multiplication (2 minutes, 30 seconds)
3.8125 34.4167 .2976 620.14
8.875 21.72 1.093 7.963
Division (1 minute, 15 seconds)

237) 50481 593) 28464 418) 240768
Division (carry to four significant figures) (3 minutes, 30 seconds)
29.57) 128.43 .2448) 107.321 224.08) 3.11417
Multiplication by short-cut methods (1 minute, 15 seconds)
793 X 25 65 X 65

2641 X 33} 93 X 107

732 % 199 47 X 47
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10.

11.

12.

13.

14.

15.
16.

17.

18.
19.

20.
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Multiplication by short-cut methods (2 minutes)

2.183 X .875 892 X 908
48027 X 9 01 81 X 81
115 X 115 176 X 176

Division by short-cut methods (1 minute)

5418212 = 25
83.47 + .05
.4983 =+-12.5

Find the value of

a) (28X 37D+ (12X 16) — (31 X 29)

8) 34 (9X36) — (22 X 11) + 486 + (138 + 6)

¢) 1417 —12{164 9 (21 — 8)}

d) (86X 22) + 44+ (98 +7) X 210 — 432 + (12 X 12)
e) 1217[81 X {5952 + (31 X 32) + 4} — 900]

Find the value of
a) }+it+i+%
B 4=+
& 33+ 104 — 64

A can do a piece of work in 15 days, B can do the work in 18 days, and
C in 25 days. What fraction of the work will the three working together
perform in six days?

In Problem 13, after A has worked four days and C six days, what is the
difference in the fraction of the work performed by the two?

128 X 1053 + 649} = ?

Mr. Smith invested $27,500 in a partnership having a total capital of
$200,000. He later sold } of his holding in the concern. What fraction
of the ownership of the concern did he retain? What fraction did he sell?
What amount should Mr. Smith receive of a $12,000 profit, (1) origi-
nally, (2) after selling 1 of his equity?

If 16 items are to be plotted at equal distances and centered on a sheet
of graph paper 9} inches wide an% the space allotted to each item must
be a multiple of } inch, how much spacc will be left for margins at each
side of the paper?

If 143 tons of coal cost $1223; what was the cost per ton?

Express the following as () decimals, (b) per cents: 1, 4 1. 7o 33
13 .

Express the following as (4) common fractions, (&) per cents: .06, .003,
.004167, .65, 3.1875.
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22,

23.

24.

25.

26.

27.

28.

29.
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Express the following as (4) common fractions, (4) decimals: 10 per cent,
6 per cent, 18§ per cent, § per cent, 262} per cent.

Arrange each of the following in ascending order of value:
(@) .43, T3, 37.5percent, .4, %o
(6) % per cent, .086, ¥5, o per cent, Tovo

The spoilage on two crates of oranges each containing 210 oranges was
17 per cent and 33 per cent, respectively. Find the income from sale of
the unspoiled oranges at 45 cents per dozen.

Assessments in a city are maintained at 70 per cent of market value. If
Mr. White pays $302.40 tax when the tax rate is $30 per thousand of
assessed valuation, what is the market value of his property?

The balance sheet of a concern showed the following:

Cash .....c.iiiiiiiiiiiiiinennnnne, $ 7,500
Accounts receivable .................. 38,500
Inventory .......ccovviiniiiiiiiinnn. 15,750
Investments ..............0c00ivnnnn 9,050
Plant ... . ittt it 120,000
Equipment ............ciiiiiiina.. 69,200

Total assets .......ccovvvvvnnnnnn. $260,000

Each type of asset was what per cent of the total?

An article cost $450. At what price should it be sold () to make a profit
of 55 per cent on cost, (4) to make a profit of 45 per cent on the selling
price?

If a worker’s wages are cut 25 per cent and subsequently increased 25 per
cent, the most recent wage is what per cent of the original wage?

Given the following:

G No. D
MonTH g?«g‘sw Stonc:: g\’ns g:zu
July e e $28,412 24
August ...ttt i e i 29,827 26

Find the per cent of change in average daily sales in August compared with
July.

The following information is available concerning the manufacture of a
particular article:

1939 1940
No. of units produced.................. 200,000 275,000
Overhead costs ........c.cvivenennnnnn. $50,000 $50,000
Variable costs .........cciiiiiieennnn., $100,000 $120,000
Sales income . .........cciiiiiiinninan. $200,000 $275,000

a) The per cent of profit on selling price increased by what per cent
in 1940?



30.

31.

32.
33.

34,

35.
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b) The per cent of profit on cost increased by what per cent in 1940?

¢) The overhead per unit was what per cent of the selling price per unit
in 19392 in 1940?

d) The variable cost per unit was what per cent of the selling price per
unit in 19392 in 19402

e) What discount on selling price could the manufacturer have offered in
1940 and still have maintained the same rate of profit as in 1939?

Find the square root of each of the following by arithmetic process and
check the result in a table of square roots or by logarithms.

4) 360046 ¢) 9.62048
b) 65.604 d) 12089.37

What is the degree of accuracy of each of the following measurement num-
bers? Express the answer as a common fraction and as so many per 1,000
or per 10,000 whichever is preferable:

(a) 67 (d) 4208
(6) 182 (e) 508.0
(¢) 4200 (f) .0007

How many significant figures are there in each number of Problem 31?

a) Round each of the following numbers to four significant figures.
b) Round each of the following numbers to three significant figures

(1) 787428 (5) 9989.47
(2) 13004 (6) 695.451
(3) 27.998 (7) 164850
(4) 4055.5 (8) 28.9950

Which of the following are counting numbers and which are measurement

numbers?

a) The three plots which Mr. Jones purchased were, respectively, 40 ft.
X 120 ft., 100 ft. X 150 ft., and 20 ft. )¢ 250 ft. The total area was,
therefore, .57 acres.

b) The 65 persons who were on the payroll sometime during the year were
the equivalenf of 43 full-time workers and the total payroll was
$62,712.85; hence the average annual wage per equivalent full-time
worker was $1,458.

How many figures would you expect to be accurate in each of the following?

Give reasons for your answer in each case. All of the examples were taken

from the Statistical Abstract of the United States, 1938.

a) The population of the United States was enumerated in 1930 as
122,775,046 persons.

b) The population of the United States was estimated by the Bureau of
Census in 1938 as 130,215,000 persons.

¢) The Office of Education of the Department of Interior reports the
enrollment in colleges, universities, and professional schools in 1936
as 1,062,760 students.
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d) The total assets of all member banks of the Federal Reserve System
on the December 31, 1937, call date were $46,785,512,000.

¢) The Bureau of Foreign and Domestic Commerce of the Department
of Commerce estimates from a sample collection that the total retail
trade of the United States in 1937 amounted to $39,930,000,000.

In each of the following problems express the summary figures to the correct
number of significant digits.

36.
A
LIABILITIES OF FEDERAL INTERMEDIATE CREDIT BANKS,
DECEMBER 31, 1937

VaLuzx
LiaBILiTY (thousands of dollars)

Paid in capital and surplus, United States government 100,000
Surplus, earned reserves and undivided profits®............. 12,561
Debentures outstanding (unmatured)t.......oovvvvennnnnnn 174,950

Total ...ttt i i it e i ite et e 287,511

*Net amount after deducting impairment or deficit. .
d?A‘;!ju‘s(tcd for debentures held by banks of issue and by other federal intermediate
credit banks.

B

PRODUCTION, TRADE, AND SUPPLY AVAILABLE FOR CONSUMPTION OF RAW SUGAR,
CONTINENTAL UNITED STATES, 1935

UANTITY

Iten (short tons)
Production ébect and cane only) . ....oiiiiiiiii i i 1,651,000
Brought in from insular areas........... ..ot ittt 2,686,969
ImMpOrts @S SUBAT. .. v vt veei vt enineninsnneneenenssanencananns 2,372,066
EXPOrts 85 SUBAC. c v ivieinineneenennenreneenensssennnasennnnns 103,349
Exports in other forms. .........coviiiiiii ittt 13,220
Available for consumption. .......c.ciitiiiiii ittt i 6,593,466

37. (a4) In the following table, how many significant figures should be retained
in the total consumption? (4) Assuming the accuracy of a population of
129,257,000 in 1937, what is the per capita consumption of meats in the
United States?

PRODUCTION, FOREIGN TRADE AND CONSUMPTION OF ALL MEATS
IN THBE UNITED STATES, 1937

AMOUNT
ITEM (million pounds)
Production
Federally inspected .........cciiiiiiiiinirinnennenenennneenns 10,273
Uninspected (estimated) . ......c.ciiieieirennieeecnnnnnnanens 5,299
Exports of United States production. ... ......coiieiervneennannnns 164
Imports for CONSUMPHION. ... vi ittt ettt et iieeeeneeenanaansnnns 263
Net change in storage stocks, decrease. ........ooviveennineeennnnnn 402
CONSUMPLION + v vvivt et vt eseunnnneneeanseeeosnnnssssssnnnanas 16,073

38. Find the value of a corn crop estimated at 4,000 bushels, if it was sold for
873 cents per bushel.

39. A motorist drove 3,532 miles from Boston to San Francisco, using 207}
gallons of gasoline. What was his average mileage per gallon?
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CHAPTER III
STATISTICAL INVESTIGATION

THE CHARACTER OF STATISTICAL INVESTIGATION

conduct of business affairs was discussed in chapter I. Some-

times the contribution which he makes is relatively simple,
being confined merely to presenting sales figures graphically. On the
other hand his task may consist in a study of sales records and indexes
of regional purchasing power for the purpose of determining sales
territories and establishing sales quotas, or the study of a sample of
output to determine whether it meets contract specifications. Whatever
the complexity of a particular problem, the sequence of steps followed
in its solution involves the application of statistical method.

T HE EXTENT to which the work of the statistician underlies the

Definition of Statistical Method

The statistical method is essentially the use of the principles of
scientific investigation in the study of aggregates of numerical infor-
mation. Just as the physicist must develop laboratory methods and
techniques for examining the theories of sound, light, etc., so the
statistician must have methods of appraising the theories of proba-
bility and sampling in terms of the observed phenomena (numerical
data) of the business world. The problem of the statistician is com-
plicated considerably by the fact that business operations cannot be
subjected to the control that is possible in the physics laboratory. As a
result the methods of statistical investigation are those research pro-
cedures developed to meet the peculiar requirements of the problems
arising in the conduct of business affairs.

An example will demonstrate the difference between the controlled
conditions of the physics laboratory and the uncontrolled conditions
of the statistics “laboratory.” The physicist wishing to read the height
of a column of mercury in a manometer tube sets up his apparatus,
provides for a constant temperature in his laboratory, selects a time
at which barometric pressure is stable, and proceeds to take a large
number of readings on the scale attached to his apparatus. The aver-

43
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age of a large number of such readings will be the theoretically best
value for the height of the column of mercury in the tube. In contrast
to this, suppose that a statistician wishes to determine the per cent of
the employable workers of the United States who are unemployed as
of a given date. He might also elect to take a large number of inde-
pendent readings of the phenomenon under investigation and take the
average of the results as the best value for the per cent of workers
unemployed. But he encounters a whole mass of preliminary problems
before any observations can be made and none of these can be “con-
trolled.” He must define “unemployed person,” “employed person,”
“employable person,” and no matter how carefully these definitions
are phrased doubtful cases will arise. He must determine how to
select samples of the population which will be representative, and even
the most meticulous care will not produce a result comparable with the
stability of the column of mercury in the physicist’s laboratory. These
and similar problems have forced the statistician to develop methods
of investigation which are peculiar to the type of data with which he
deals and the uncontrolled conditions under which he must use them.

The employment of statistical methods in the solution of business
problems belongs almost exclusively to the twentieth century. At an
earlier date when business enterprises were small, management was
able to comprehend its problems in detail by personal contact. The
increased size of concerns in the present period has required more
planning and greater regimentation of operations. At the same time
management has found it impossible to maintain personal contact with
its problems. The alternative is control through the interpretation of
numerical information. This chain of circumstances has led to the
introduction of statistical methods of investigation as a primary aid
in the performance of the function of management.

The Use of Statistical Method

Masses of Data—The methods used by life insurance actuaries
give no information concerning the time at which a particular insured
person will die, but they give very accurate information concerning
the number of persons who are likely to die in any year out of a
large number of a given age alive at the beginning of that year.
Life insurance premiums are based upon the regularity of death rates
among large groups of persons, not on a guess as to how long an indi-
vidual will survive. Similarly, a study of department-store experience



STATISTICAL INVESTIGATION 45

may show that bad debt losses on charge accounts amount on the aver-
age to about 1 per cent of charge sales. It does not follow that an
individual store must have bad debt losses of 1 per cent. This result
can be applied to particular cases only by taking account of the relation
of conditions in the individual case to the average conditions found
in the large group. The individual store may have 2 per cent bad debt
losses in a certain year due to the fact that its customers have been
experiencing the effects of a great amount of unemployment. In an-
other year when its customers are fuliy employed the same store may
have only 4 of 1 per cent bad debt losses. Another example is the
use of income tax statistics in the determination of sales quotas.
Studies show that the higher the percentage of the population of a
state filing income tax returns, the higher the percentage of the popu-
lation purchasing automobiles. This relationship can be used to estab-
lish sales quotas for automobile agencies in the various states. It does
not follow, of course, that those persons who file income tax reports
will necessarily purchase automobiles, but that the higher purchasing
power evidenced by the larger percentage filing tax reports will be
available for the purchase of automobiles. Hence intensified sales effort
where the purchasing power exists should produce the best sales
results.

These three examples show how management uses the results
obtained from the study of mass information. The typical situation
found in the group is used as a guide for action within individual
concerns.

Case Investigations.—There is, however, one type of statistical work
known as the case method which does not deal with masses of data.
An individual case is studied intensively, usually over a period of time,
in order to make a complete analysis of its operations. The case may
be one individual, a single family, a business concern, or any other
similar entity.

In statistical work case investigations are of less frequent occur-
rence than mass data investigations. More often than not case studies
eschew statistical method entirely and rely solely on historical descrip-
tion in the presentation of results. A case study is characterized by the
establishing of such a strong personal relation between the investigator
and the person or persons furnishing information that a vast amount
of detailed information can be obtained concerning the case. In pre-
senting the results, each case is written up separately and represents a
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complete investigation in itself. The distinguishing feature of the case
method is the fact that a detailed description of the individual case is
the objective.

The records maintained by physicians concerning their patients
become most complete life-histories, sometimes covering the entire
span from the cradle to the grave. These records are, of course, con-
fidential, but their anonymous publication would provide a remark-
able background for the study of sickness and health problems. In a
similar fashion a file for a period of years of a financial manual such
as Moody’s Manaal of Investments, giving as it does a brief case his-
tory of many individual corporations, becomes a compendium of invalu-
able case records of the founding, growth, financial organization, and
in some instances the decline of individual concerns. These are avail-
able for study either as individual cases or collectively as the raw
material for statistical analysis.

Case study is used infrequently in the investigation of business prob-
lems. It is a method that is well adapted to studies of social phenomena
and has been widely used in the field of social work. As such it lies
outside the scope of this book.

THE CANONS OF STATISTICAL INVESTIGATION

The attitude of the statistician toward his work is a matter of con-
siderable importance. His methods are equivalent in the field of social
science to those employed in the exact sciences by the chemist, physicist,
and biologist and his attitude toward his work must be equally
scientific. Under no circumstances can he become an advocate or a
special pleader. Statistical work done for purposes of pleading does
not deserve the name of scientific research.

As a means of promoting the scientific character of statistical inves-
tigation there are certain standards or requirements which should be
uniformly maintained. These fall naturally under three heads, each
of which requires detailed explanation.

Definite Object

Statistical investigation is never aimless. It is always directed to
the solution of a specific problem. The problem may be as basic as
finding the total annual income of the nation or as circumscribed as
a study of the amount of flour hauled on the New York State Barge
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Canal during September, 1937. But regardless of scope the purpose
must be specifically defined. Unless this requirement is met, direction
will be lacking in the investigation, unnecessary work will be done
and results of questionable value will be obtained. It is essential there-
fore to have the exact object of an investigation fully understood before
any other work in connection with it is undertaken. At all subsequent
stages of the investigation the purpose must be kept in mind as a
guide in the planning and execution of the project.

Unbiased Attitude

The statistical investigator sets out to determine by investigation the
facts concerning a given problem, but not to prove a certain thesis.
There are times when it is very difficult to maintain an unbiased atti-
tude. Some questions are of such controversial character that even
the most detached investigator finds himself influenced. On the other
hand in reading the report of an investigation one frequently has a
feeling that the author has “leaned backward” to avoid bias. This is
the proper attitude of a careful investigator when he finds himself
placed at the center of a controversy.

Conscious or unconscious bias may appear in statistical work. Con-
scious bias can be dismissed quickly. A person who willingly distorts
statistics for the purpose of proving a preconceived idea should not be
called a statistician. He is a propagandist. It is necessary to be vigilant
at all times to avoid using results containing bias. Conscious bias may
appear in one or several of the following forms: (1) direct misstate-
ment, (2) ambiguous statement, (3) the use of only favorable data,
(4) concealed shifting of units of measurement, (5) deliberate selec-
tion of incorrect techniques, and (6) misleading forms of presentation.

Careful study is usually required to detect unconscious bias. Perhaps
it would be safe to assume that all statistical interpretations contain
some bias but that in most cases it is not present to a harmful degree.
This is only another way of saying that the results of statistical work
must be interpreted by human beings, each of whom can interpret only
in terms of his own experience and his attitude toward the problem at
hand. An excellent example of unconscious bias appears in the writ-
ings of certain statisticians and economists who during 1928 and 1929
interpreted the trends of the times to mean that permanent prosperity
at the then existing levels had been attained. Subsequent events have
shown that these men were so enamored of the favorable factors that
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they overlooked the growing stresses in our economic system. Their
biased attitude is apparent now, but at the time their teachings had
a wide acceptance.

Skepticism

The beginner in statistical work is likely to have the attitude that
numerical facts can be accepted without question. A few adverse
experiences will usually dispel this initial trustfulness. The attitude
of faith should then be replaced by skepticism or in the extreme by
cynicism, because it is far better to err in that direction than to develop
enthusiasm with its attendant misinterpretation. Many of the fallacies
which appear in statistical presentation arise from failure of those
responsible for the results to maintain a critical attitude toward their
work.

STEPS IN STATISTICAL INVESTIGATION

As stated at the beginning of the chapter, there is a logical sequence
of steps to be followed in statistical investigation. An outline of these
steps will give the reader a view of the process as a whole prior to
studying the details.

I. Statement of the problem

II. Preliminary planning of the investigation

ITI. Collection of data
A. Library sources
B. Direct sources

IV. Analysis of data

A. Editing of collected information
Tabulation
Ratios
Graphs
Measures of central tendency
Measures of dispersion and skewness
Index numbers
Time series analysis and application
Correlation and variance
Tests of reliability of samples

=R OmmONw

V. Interpretation and application of the results of analysis

VL. Preparation of a report of the completed investigation
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The remainder of the book is devoted to a detailed presentation of
the work involved in following through the several steps. Although
the emphasis given on subsequent pages to the different parts of this
outline depends upon the difficulty and ramifications of the particular
subject, it is to be hoped that the reader will not lose sight of the fact
that with one necessary exception he is following the outline step by
step. The interpretation of the results of each type of analysis is not a
procedure that can be relegated to a separate section of the book.
Therefore the discussion of illustrative examples has been woven into
the text wherever it has seemed desirable.

THE SCOPE OF DIFFERENT INVESTIGATIONS

The six major steps presented here cover the complete sequence of
things that must be done in conducting an investigation, no matter
how limited or how broad its scope. The subheadings are partly
alternative and partly sequential depending on the character of a par-
ticular problem. The amount of detailed planning required and the
time consumed in executing the plan will, of course, vary with the size
and importance of the investigation. The type of planning in turn
is directly related to the question of whether the investigation is in-
ternal or external in character. An internal investigation is one which
deals exclusively with conditions within a single business concern or
agency. Those investigations that originate outside the management
of any particular business concern are called external. There is one
great difference between internal and external investigations: the
former as a rule present no serious problems of collecting data,
whereas the latter are seldom free from such problems.

Internal Investigations

Statistical studies by a business concern of its own records are usually
conducted to obtain information needed to assist management. The
most common examples are found in the work of the cost accounting
department. The data for determining unit costs are found in the
accounting department and in the plant production records. The task
of allocating the various factory and overhead costs to obtain an aver-
age cost per unit of product requires the use of statistical techniques.
The cost accountant ordinarily does not employ all of the steps of
investigation as outlined. His task is a rather circumscribed one, but it
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is necessary for him to be familiar with the complete process in order
to make intelligent use of the part that he needs.

Internal investigations of a more general character are a necessary
part of business control, and these are likely to make use of more of the
steps of statistical investigation. For example, an oil company wishing
to study the weekly rhythm in the sales of gasoline at its filling stations
in different parts of a city would have no difficulty in collecting data,
since that information would be included in the daily report of the
manager of each station. Combining the sales reports for a number of
weeks to obtain an average relationship would involve certain adjust-
ments for weather conditions, for any irregularities at the station which
might affect sales, for holidays and other circumstances of a similar
nature. Once the pattern of the weekly rhythm at each station had been
obtained, the next step would be to study these patterns in pairs and
groups to discover in what parts of the city similar rhythms appeared.
This information could be used by the central office in assigning attend-
ants so as to provide the maximum service to customers, in planning
delivery schedules of tank trucks, as well as in planning the location
of new stations.

In this example the emphasis is on analysis and interpretation, and
that will be found commonly true of internal investigations. Although
relatively simple statistical techniques are involved in this case, trust-
worthy conclusions depend upon following the steps of investigation
faithfully. This leads to the general observation that a knowledge of
the steps of statistical investigation and the relation of each to the
whole is necessary to protect the statistician from error, even though
his particular problem involves the use of only a part of the whole
procedure.

External Investigations

Investigations conducted by manufacturers’ and trade associations,
advertising agencies, research bodies, universities, and government
agencies are ordinarily more general in character than internal investi-
gations. Correspondingly they call for the use of a wider range of
statistical techniques. In particular, the preliminary planning and the
collection of data demand much more attention in external investiga-
tions. For example, the plans for the 1940 census of population were
under way as early as 1937 in the Census Bureau at Washington and
in the field with co-operating agencies. The field work required only
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a few weeks early in 1940, but a large staff will be continuously
engaged for the next decade in preparing and publishing the various
tabulations and analyses of the collected information. The entire
process, in reality a continuous statistical investigation of the popula-
tion, falls within the framework of method outlined in the preceding
section.

Sometimes the scope of an investigation is limited in the sense that
not all of the successive steps are carried on by a single agency. The
task may be confined to collecting da.a. If so, the steps following
collection can be ignored, but those preceding actual collection must be
given proper attention. Again the particular task may be confined to
interpretation and presentation of data collected by someone else, but
the preceding steps must be thoroughly understood before any attempt
is made to explain the meaning of the results.

SUMMARY

All of this discussion points to the same conclusion, namely, zo
matter how simple a particular piece of statistical work may be, its
execution requires a knowledge of the steps in statistical investigation.
Through this principle the various details of statistical method and
technique are welded into a unified whole. Succeeding chapters are
arranged so that the steps of statistical investigation will appear in
natural sequence. Within this sequence the methods of analysis
progress from those using simple techniques to those which are more
involved.

PROBLEMS

1. What are the differences between research in the natural sciences and
statistical research?

2. Describe an example from your own experience of the use of mass data in
statistical work. -

3. State a definite subject for investigation in each of the following fields:
() automobiles, (&) cost of living, (¢) athletics, (4) profit.

4. What changes would you suggest in the conclusions reached in each of
the following examples?

a) Houtly wage rates in industry have increased uninterruptedly for the
past 20 years, and the cost of living is lower today than it was 20
years ago. Therefore the living standard is higher today than it has
ever been in the past.
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b) In the District of Columbia in a recent year one male automobile driver
in every 1,370 was involved in a fatal accident and one female driver in
every 9,090 was involved in a fatal accident. Therefore women are
safer drivers than men.

¢) During World War I the United States army lost 126,000 men killed
in action, died of wounds, and died from disease or other cause out of
4,355,000 men mobilized, a death rate of 28.9 per 1,000. During the
years 1917 and 1918 the death rate for the United States exclusive of
the armed forces was 32.4 per 1,000. Therefore it was safer in the
army than at home.

5. Explain the differences between internal and external investigations.

6. Which of the steps of statistical investigation were employed in preparing
the reports appearing as Examples 1, 2, and 3 in chapter I, pages 7-9?
Give references in the examples of specific statements which indicate the
use of the several steps named in your answers.
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CHAPTER 1V
PRELIMINARY PLANNING OF INVESTIGATIONS

INTRODUCTION

NEXPERIENCED collectors of data sometimes make the mistake
I of jumping directly into the task of collection without an adequate
comprehension of the problem with which they are dealing. This
practice should never be followed no matter how simple and direct
the problem may appear to be. There are always preliminary points
which should receive attention prior to the actual collection of data.
The four major steps which should be followed are: (1) define the
problem; (2) study the problem; (3) plan the procedure; (4) pre-
pare a statement of the program.

DEFINE THE PROBLEM

At the outset a crude statement will serve as a focus for the initial
consideration of what is involved in the problem, but the crystallization
of a few ideas will very quickly provide a mental setting and point to
some of the limitations which should be established as a basis for more
careful planning of the investigation. These preliminary ideas should
be brought together in a more complete definition which will indicate
the subject to be investigated, the exact object of the investigation and
the limitations upon its scope.

An example will demonstrate the difference between an incomplete
and a complete statement of the subject for research. Suppose that
the statistician were to receive the following problem: “The sales of
our company declined last month. This decline was unexpected, since
all parts of the organization appeared to be unusually busy. Investi-
gate the matter.” This statement does not define the problem for
research. It could be taken to mean that an investigation was wanted
of why the organization appeared to be unusually busy; but assuming
that an investigation is wanted of why sales declined, the statistician
needs more information before proceeding with the work. Questions
such as the following must be settled:

33



54 BUSINESS STATISTICS

Are all products to be included or only major ones? If the latter,
which products?

Is the investigation to be confined to discovering the facts or shall
it include data pertinent to discovering the cause of the decline?

How much time is available for making the investigation?

Have the affected departments agreed to co-operate?

With questions of this sort settled, the problem might be restated
somewhat as follows: “Investigate the extent of the decline last month
in the sales of the five major products which we manufacture and pre-
sent as much collateral information as possible to aid in determining
the cause of the decline. Your report should be available prior to the
directors’ meeting which will be held three weeks hence.” The purpose
of the investigation is clear and the limitations as to time and scope
are definite.

This example illustrates the type of definition required in an internal
investigation to be carried out within a short period. Larger problems
will require correspondingly greater amount of definition.

STUDY THE PROBLEM
Read About the Problem

' A knowledge of previous work that may have been done on a prob-
lem should be acquired as background before a new investigation is
undertaken. The existence of earlier studies can be determined pri-
marily through a search of library files. One may find that the
problem has been investigated previously and that any further investi-
gation should be built upon the existing work. Again flaws may be
found in the previous work which make it completely or partially
useless for the purposes in view. The chief value of studying such
previous investigations may lie in discovering what »no# to do.

Library search may disclose the fact that no similar statistical inves-
tigation has been made previously. But books and magazine articles
may be discovered which give factual information dealing with some
phase of the subject or clues concerning methods of investigation.
Library reading on the subject will aid the investigator in avoiding
duplication of work already done; in avoiding the errors made in
previous investigations; in discovering methods of approach and pro-
cedure; and in acquiring a broad perspective of his problem.

Finally there will be some cases in which no usable information of
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any sort can be gleaned from library scarch. When this happens the
investigator must be prepared to proceed without such assistance. He
must be able to supply from his own experience the background that
otherwise would have come from library reading.

Think the Problem Through

‘At this stage the investigator should take some time for thoughtful
consideration of his problem. There arc major parts of his plan which
should be settled. Certain parts may need additional emphasis and
others should perhaps be discarded. New phases may enter as a
result of the reading done. The knowledge which has been acquired
by reading nceds to be related to the particular problem at hand. The
investigator should be able to visualize his entire procedure. At first
this should be confined to the main outline of the work, and following
that the details should be considered. In constructing this mental
image of the work it is unwise to assume that the preliminary planning
can ignore details that are apparently simple, for they may contain
difficulties. The success of the true investigator lies in his ability to
foresee these concealed ditficulties and make provision for them.' The
case of the student who wrote to a number of cement companies asking
for production in tons and price per barrel of cement will illustrate
the point. The companics had to change their figures, which were
recorded in barrels, to tons to meet the student’s questions and the
student in turn had to change from tons back to barrels when he
tabulated the data. A small amount of foresight would have avoided
the difficulty.

A word of caution may aid in avoiding misinterpretation of the pre-
ceding paragraph. While the plan of procedure should be thought
out very carefully, it is scarcely to be expected that no subsequent
changes will be necessary. Regardless of how efficient the investigator
may be, it is unlikely that he can foresee and provide for every con-
tingency which may arise. 'The plan should therefore be sufficiently
flexible to permit necessary adjustments to conditions as they develop.

PLAN THE PROCEDURE

The amount of planning needed will be determined by the com-
plexity of the problem and the size of the investigation. In some cases
the points discussed in this section will take care of themselves, but
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more commonly decisions concerning them must be made prior to
beginning the collection of data. Under either circumstance considera-
tion must be given to the elements of the plan lest some essential be
overlooked.

Library Sources and Direct Sources

The reading which has been done on a problem should indicate
fairly well whether the needed data will be available in libraries or
whether recourse must be had to direct sources. It will not serve merely
to remember that some data on the subject were referred to in a book
or magazine article. The data must be found and examined. Then
several questions must be settled. Are the data in usable form? Do
they include the desired time period? Do they cover the proper area,
i.e., nation, state, locality, etc? Are they expressed in the correct unit
for the particular purpose? Are they reliable? By the time these
questions have been investigated the general problem of whether or
not library sources can be used will have been definitely settled. If
library sources can be used, the investigator is ready to move on to the
next part of his plan.! If on the contrary library sources should fail
to provide any or all of the required data, the possibility of securing
them directly must be canvassed.

Using direct sources? means going to the business concerns, agencies,
or individuals possessing the information to obtain at first hand data
which do not exist anywhere in print. In some cases the preliminary
survey may disclose the fact that the desired data cannot be found in
library sources and that they are equally unavailable from direct sources.

1 The details concerning the collection of data from library sources are presented in
chapters IX and X. .

3 The classification of data as library and direct, a distinction according to source,
represents something of a departure from the usual classification found in textbooks. The
customary division into primary and secondary data places the emphasis on the number
of times that data have been recorded, i.e., primary data are those which are being
recorded for the first time by the investigator who assembles them, whereas any subse-
quent recording of the data by other than the original investigator makes them secondary
data. For example, the report of steel production found in the Annual Statistical Report
of the American Iron and Steel Institute is primary data and the Report is a primary
source, whereas the same figures published in the Survey of Current Business of the
United States Department of Commerce become secondary data, and the Survey a secondary
source. The names, primary and secondary, suggest that the former are more reliable
than the latter. The point of view of this book is that reliability does not depend so
much upon the number of times the data have been handled, as upon factors related
to the canons of statistical investigation discussed in the preceding chapter—factors which
are as likely to affect one kind of source as another.

The distinction between library and direct sources places the emphasis on methods
of procedure. One type of research is required to obtain data already available for gen-

eral use, but quite a different type of work is required to obtain data directly from
the originating source.
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For example, recently the Minimum Wage Division of the New
York State Department of Labor undertook to obtain data on hours
worked daily and weekly by operators in beauty parlors. The nature
of the work in this trade is such that hours actually worked vary
greatly from stated schedules, but are unrecorded except in the very
large establishments. As a result, the field workers found it very
difficult to secure accurate information. When obstacles of this sort
are discovered, the choice lies between abandoning at least those diffi-
cult features of the investigation, or continuing with the understanding
that the results will have only conditional validity. On the other hand
if the preliminary survey indicates that the data will be available from
direct sources, the investigator is ready to enter into the detailed plan-
ning of the work of collecting them.

Sometimes a combination of library sources and direct sources can
be used. For example, in comparing wage rates in a particular com-
munity with rates for similar employment in the entire state and the
entire country, it might be feasible to obtain the data for the state
and the nation from the reports of the United States Bureau of Labor
Statistics, whereas the local data would have to be secured directly
from business concerns in the community. In all such cases it is desir-
able to make as much use as possible of library sources.

If the data required for an investigation can be obtained from library
sources, the procedures discussed in the nex! sections will not be needed.
On the other hand if direct sources must be used, the investigator
must be thoroughly familiar with the principles of sampling and with
the practical technique of the collection process by the method of
either sample or census.

Census and Sample

In some investigations it is desirable or even necessary to make a
complete enumeration. This is known as the census method. The cen-
sus method is used in part of the statistical work of the federal govern-
ment. The decennial population census is a complete enumeration, as
are the Census of Manufactures, the Census of Business, the Census
of Agriculture, and others. Other complete collections of data are
by-products of the tax-collecting function of the government. Examples
of these are the statistics of imports, corporate and individual incomes,
cigarette consumption, and gasoline consumption.

In contrast to these cases of complete collection of data are the
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great majority of external investigations in which the census method
is impossible. Instead of collecting all of the information concerning
a given subject, these investigations depend upon obtaining a sample
which will be representative of the whole. The methods of securing
a representative sample will be discussed in detail in chapter V. We
are interested here merely in pointing out that results representing a
large population of items can be obtained by the use of a sample. In
constructing a wholesale price index no attempt is made to include
the price at which every wholesale transaction is made. The prices
of only a few articles in important markets are used. The American
Experience Mortality Table, giving the age at death of an initial 100,-
000 persons at age 10, was constructed from a large sample of insured
lives. Crop reports of the Department of Agriculture are based upon
information received from local reporters in all parts of the country
who have in the aggregate a knowledge of the condition of no more
than 3 to 5 per cent of the acreage planted.

‘Internal investigations should use complete enumeration when fea-
sible because of the greater accuracy, but situations may arise in which
the size of the investigation or the difficulty of securing data even
within a single concern preclude the use of all of the data.” A good
case of partial enumeration occurred when a large mail-order house
desired to have a check at two weeks’ intervals on its gross profit or
difference between total income from sales and cost of goods. The
income from sales could be obtained from the accounting department,
but to get the cost of goods sold in any two weeks’ period would have
been impossible from the point of view of both time and expense.
The concern therefore took 100 orders at random® and computed the
cost of the goods included in those orders. The results were applied
to the 19,000 orders which the concern filled during a two weeks’
period.* The method used did not lead to an exact answer to the
problem, but the results were good enough to allow a current check
on selling prices. In any event the time involved in using complete
data would have forced the company to abandon the idea.

3 A random sample results from taking individuals from a group by some system
that is in no way dependent upon the characteristics of the items chosen, so that the
presence in the sample of any particular item is left entirely to chance. In this case
the equivalent of a random sample could be obtained by taking every 190th order that
appeared on the sales record. A similar result could be achieved by taking the first 10
orders recorded each working day of the two weeks' period. Any methods similar to
these would serve the purpose of providing a sample of 100 orders which would be
representative of the 19,000 filled during the period.

4 Example taken from page 76 of M. A. Brumbaugh and R. Riegel, Stxdy Problems
in Business Statistics., Wew York: American Book Co., 1935.



PRELIMINARY PLANNING OF INVESTIGATIONS 59

A decision must always be made on the question of census or
sample. Sometimes attendant circumstances will make the decision
almost automatic; in other instances they may complicate it. A case
in point is the unemployment survey made at the close of 1937 by
the federal government. The necessity of having quick results made
it desirable to rely on a sample. On the other hand previous experience
indicated that only a complete enumeration would be reliable. A com-
promise plan was used in which the reporting form was distributed by
mail carriers to every family, and various channels of publicity were
used to urge all unemployed persons to fill out the form and return
it to the local post office. There was considerable doubt whether the
reporting would be complete, so a check was made by house-to-house
canvass in selected cities, villages, and rural areas. The check showed
that the voluntary reporting was about 72 per cent complete, but that
there was considerable variation in the completeness of registration
from one locality to another. The sacrifice of correct method to secure
a quick report lessened confidence in the result.

The Collection Method. Agents and Mail Questionnaires

If it has been determined that a complete census must be taken,
there is practically no choice as to method. Only by the use of agents
for personal interviews and follow-up visits can 100 per cent collection
be guaranteed. Even with the aid of compulsion by the federal gov-
ernment, when data for the Census of Manufactures are collected by
mail, it is necessary to send agents to secure delayed reports.

When sampling is deemed satisfactory as a method of investigation,
there are alternative methods of approach. In a study of limited scope,
one investigator may make the plan and collect all the data personally,
but as a rule some other method of collection must be employed.
Agents may be sent out to secure replies to a list or schedule of ques-
tions, or the personal element may be abandoned entirely in favor of
the use of questionnaires sent through the mail. The two methods
are sometimes combined when mail questionnaires are sent out to all
from whom information is desired and after a reasonable period of
time has elapsed agents are sent to those who have not replied. A
variation of this method is employed when agents collect data in thickly
populated centers and mail questionnaires are sent to respondents in
less accessible regions. The detailed methods of collecting information
by using agents or the mail will be presented in chapter VI, but the
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decision as to which method to employ is an essential part of the
preliminary plan and rests upon a number of considerations.
Importance of Personal Element.—The function of the agent is to
create a favorable attitude toward his mission, to explain doubtful
points concerning the investigation, to encourage the informant to
provide the desired information, and to record responses. These things
cannot be done with a mail questionnaire. It loses immediately what-
ever value inheres in the personal contact between an agent and an
informant. The form and tone of the mail questionnaire should be
designed to supply as far as possible the missing personal element, but
the fact remains that a mail questionnaire is an impersonal appeal for
information and the investigator must expect it to be treated as such.

Area Covered.—Investigation within a single city or local area can
usually be done more thoroughly and in less time by agents. The
agents can also be directly supervised and their completed schedules
checked as they are turned in. All of these things add to the accuracy
of the work. When a larger area is to be covered, direct supervision
is impossible, a larger number of agents cannot be as well trained,
and the value of direct contact with the informant is greatly diminished
because of poorer agent technique. In general when a large area is to
be covered mail questionnaires should be used, whereas agents are
superior for investigations confined to small areas. There are, of course,
exceptions to this rule as the subsequent discussion will show.

Time Element.—It is very difficult to confine an investigation using
mail questionnaires to a fixed time period. The questions may require
only five minutes to answer, and the need for immediate answers may
be quite clear to the respondents, but actual experience shows that
the replies will straggle back over a period of time. The usual pro-
cedure is to close the collection arbitrarily after a reasonable period
has elapsed and enough replies have been received to permit analysis.
The more involved the questionnaire, the greater the uncertainty as to
when the replies will be received. In planning the successive steps of
an investigation using mail questionnaires, it is never advisable to allot
a certain period such as two weeks or one month for the replies to
be returned. Unless some flexibility is introduced into the time plan,
the subsequent steps of the work are likely to be disorganized by
unexpected delay in receiving filled-in questionnaires.

An example from the writer’s experience will illustrate what can
happen. An association of worsted yarn manufacturers requested an



PRELIMINARY PLANNING OF INVESTIGATIONS 61

investigation of their equipment and trends in the production of differ-
ent kinds of yarn. A questionnaire was prepared and submitted to the
supervising committee of the association for approval. After making
several suggested changes the form was printed and distributed to the
96 members of the association during a meeting at which practically
all members were present and agreed to co-operate by returning the
information within 30 days. At the end of 30 days about 20 completed
questionnaires had been received. Another month elapsed during
which an additional 10 or 12 replies were received. A “follow-up”
letter was then sent to all delinquents. This brought another 20 replies
within a month. During the next six months cajolery, personal visits,
and personal favors brought the total of completed replies to 70. The
work of analysis was completed just about one year after the investiga-
tion was initiated.

In contrast to the uncertainty encountered in this example, the use
of agents permits the establishing of a definite time schedule. The
agents can be allotted fixed amounts of work and their operations
can be carefully supervised. If two months, for example, have been
allowed in the plan for agents to collect the data, it can be definitely
expected that at the end of the two months all reports will be turned
in. Nothing as certain as this can be anticipated when mail ques-
tionnaires are used.

Percentage of Replies—Where agents are used an investigator can
lay his plans to get a certain number of cases and enough agents can
be put in the field to secure the desired number within a specified
time. No equivalent certainty concerning the number of cases can
be introduced when mail questionnaires are used. Usually a large part
of those to whom questionnaires are sent will disregard them; hence
a return of 10 to 20 per cent on an ordinary investigation is the likely
response. However, there are in particular cases circumstances which
may result in a much higher or much lower percentage of return.
Actual experience with questionnaire technique leads to certain gen-
eral explanations of the small proportion of replies. These can be
listed as follows:

2) Some individuals and certain classes of the population have an
aversion to giving any information under any circumstances. Others
intend to reply but fail, due simply to inertia.

b) The questionnaire method has been over-used to such an extent
that busy men throw all questionnaires into the wastebasket.
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¢) The sponsorship of a well-known individual or agency may in-
crease the percentage of replies, and the absence of any such identifi-
cation may affect the percentage of replies adversely.

d) As a rule, the shorter the list of questions, the higher will be
the percentage of replies.

e) Simple questions with “yes” or "no” answers will bring a better
response than complicated questions.

f) When the respondents have a direct interest in the subject mat-
ter of the questionnaire, or when they will receive some personal or
group benefit such as a premium, a free sample, or a copy of the
results of the study, the percentage of replies will be above the
average.

These are some of the factors that lead to the low percentage of
replies received from a mail questionnaire and they must be taken
into account in estimating how many questionnaires should be sent out
in order to get a desired number of replies.

Cost.—The question of cost is closely related to area covered. In a
local investigation the agents can be assembled for training at nominal
expense and their transportation costs while in the field are small. In
a larger investigation centralized training means transportation for the
agents to the training point and back to the field, while decentralized
training involves transportation for the training staff or the establish-
ing of a number of training staffs. All of this is not only expensive
but extremely cumbersome.

In an investigation covering a large area, mail questionnaires are
usually less expensive than schedules collected by agents. Suppose
that 8,000 letters were sent out in an investigation and 1,500 replies
were received. The cost except for preparation of the questionnaire
would be about as follows:

8,000 envelopes at $4.50 per thousand ...$ 36.00
8,000 business reply envelopes at $6.50 per thousand ... 352.00
8,000 addressing, folding and insertion at $2.25 per hundred ... 180.00
8,000 stamps at $ .03 each .......... 240.00
1,500 stamps (business reply rate) at $§ .04 each .......... 60.00

TOtal COSt v vvvvvereeeneoenaeeenennesasocnnocncasssannnns $568.00

Cost per reply (568 = 1,500) = $ .38.

The estimated cost turns out to be 38 cents per questionnaire which
is probably less than the cost of using agents.

On the other hand it does not always follow that agents are cheaper
for a local investigation. If this same study were made within a single
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city, the expense of postage would be reduced making the cost about
32 cents per questionnaire. If a corresponding estimate of the cost
of using agents turned out to be more than 32 cents per schedule, then
mail questionnaires would be cheaper even though the investigation
were local in scope.

Amount and Complexity of Information.—If the number of ques-
tions is small, answers can be obtained by mail. A long list of ques-
tions practically precludes the use of the mail questionnaire because
too few replies are likely to be received. To get replies to a long list
of questions requires the persuasion of personal contact between agent
and informant. Also the information which can be obtained by mail
must be relatively simple. Questions which require lengthy explanations
or interpretations or information which is difficult for the respondent
to give, particularly if long statements are necessary to answer ques-
tions, all tend to reduce the number of replies by mail. When an
investigation involves asking questions of this sort agents should be
used. Replies by mail will not be satisfactory either in number or
in accuracy.

A practical example will illustrate the circumstances under which
one method is more suitable than the other. A research bureau collects
retail prices of food articles monthly from 25 grocery stores and
monthly sales from 50 drugstores. All of these stores are located in
one city, yet the bureau uses agents to collect food prices but mail
questionnaires to collect drugstore sales. The difference lies in the
fact that any clerk can give the food prices or the agent himself can
take them from the price tags. Also the food prices are available any
time the agent appears at the store, whereas the sales figures for drug-
stores are not made up until the manager or owner has time to
prepare them. An agent might have to make several visits for the
data. Further, the grocer would not bother to write down the
prices of the 42 articles which appear on the schedule, but the
druggist does not object to transferring a single sales figure from his
ledger to the bureau’s collection sheet. These examples illustrate
the kinds of facts which can be obtained by agents and by mail
questionnaires.

Type of Information.—Quite apart from the question of complexity
there are certain types of information which can be obtained better by
mail, others are more suitable for collection by agents. Mail questions
must not offend. The same. of course, is true of the questions on a
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schedule in the hands of an agent. However, the agent can get per-
sonal information which cannot be obtained by mail. Skillful interview-
ing may procure confidential information on subjects which would be
offensive in the absence of the personal element. In 1936 the United
States Public Health Service collected data by the use of agents from
thousands of families all over the country on subjects entirely beyond
the reach of mail questionnaires. Here are some examples from that
schedule:

1. What disabling illness occurred in the family during the past
year?

2. Is there other handicapping disease or condition?

3. Has anyone in this home ever been examined for tuberculosis?

4. Has anyone in this home been to a health clinic or health center
during the past year?

5. Is any member of the family crippled, deformed, or paralyzed?

6. What is the annual family income?

This schedule had 64 questions, most of them on a par with those
given, which in each instance asked for details as to conditions, treat-
ment, and physician in attendance. Information of this sort could
not have been obtained by mail.

Bias.—When questionnaires are mailed to a list of business con-
cerns or persons, that list has been selected as a representative group
from which to obtain the desired information. At that point, however,
the investigator’s control over the group ceases. Some will reply, others
will not. Are those who reply representative of the entire group?
Experience shows that when a request is made to business men many
who are not able to make a favorable report on the information re-
quested will not reply at all. This tendency introduces a definite bias
into the results and greatly reduces the value of the questionnaire
method. An equally disconcerting bias enters when questionnaires are
sent to individuals. Those with more education or more experience
are likely to reply, whereas whole segments of the population which
one may wish to reach will disregard the questionnaire entirely. In
general then, a bias is likely to appear in the replies to a questionnaire
because the ones who reply are not representative of those to whom
the questions were sent. Notice that this is quite apart from any
tendency of respondents to give biased answers, a difficulty which the
investigator faces whether the data are collected by agents or by the
use of questionnaires.
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Summary—In deciding whether to use agents or mail questionnaires
in a particular case, all of these factors must be taken into account.
Sometimes one will be determining, again the balancing of all of them
will point to the preferable method.

Occasionally there is an advantage in using a combination of the
two methods. A schedule of questions can be sent to the informant
by mail with a request that it be given preliminary consideration pend-
ing the arrival of an agent at a later date. This method is effective in
investigations requiring complex information or where it is necessary
to assemble the information from various offices of a business concern.
The work can be done prior to the arrival of the agent, but the agent
can go over the schedule to be sure the questions have been interpreted
correctly. A modification of this method is used by the Department
of Commerce in taking the Census of Business.

PREPARE A STATEMENT OF THE PROGRAM

In the course of attending to the various details arising in the
preceding steps there is a chance that some essentials may have been
overlooked, or that points originally included in the plan will sub-
sequently be forgotten. To prevent such contingencies the entire pro-
gram should be put in writing. There are several advantages to the
investigator in doing this. It forces him to regain proper perspective
with respect to the investigation. It permits him to pick up any loose
end in his plan. It gives him a complete statement to which reference
can be made in the future, if puzzling situations arise. It provides a
preliminary outline for writing the final report.

The statement of the program should be submitted to the sponsor®
of the investigation for approval. This step is particularly necessary
when the project involves direct collection of data but is applicable
to some extent even though the data are to be taken from library
sources. All too frequently misunderstandings between investigator
and sponsor arise subsequently because of failure to come to an agree-
ment at the beginning as to exactly what will be done and how it will
be done. The investigator should present his program in writing and
in return insist upon a written approval from his sponsor.

8 “Sponsor” means the organization or individual authorizing the investigation. Hence

the sponsor may be a board of directors, a board of trustees, a higher executive, an
advertising agency, etc.
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PROBLEMS

. Each of the following is a statement of a problem for investigation.

Rewrite any of them that fail to define the problem completely.

a) Retail sales taxes have no adverse effect on the sales of cigarettes.

b) Between 1938 and 1941 the movements of prices on the New York
Stock Exchange can be explained largely by charting with them the
series of crises and tensions in European affairs.

¢) We (management) know that the change in the time of introducing
new models of the Kistler automobile fiom January to November
has changed the sales curve, but we are in doubt whether the expected
decrease in the peak and trough of sales has occurred. Prepare a report
on this question for the meeting of sales representatives on Sep-
tember 23.

A student was given the following assignment in a statistics class in 1935.
“Has the center of the slaughtering and meat packing industry been moving
westward during the past 40 years?” The student read The Jungle by
Sinclair, a story of conditions in the industry in Chicago. He then pro-
ceeded to collect data on the number of head of cattle, sheep, and hogs
shipped from each state of the United States, and the number of animals
slaughtered at various important cities, such as Omaha, Kansas City, Chi-
cago, and Buffalo. He also collected data on the livestock receipts at
principal markets. The student then sought help in completing the work.
a) What criticism would you make of his work to date?

&) How would you advise him to proceed?

Which of the following are library and which are direct sources?

a) The price of wheat is obtained from a daily paper.

b) The sales of retail drugstores in a community are reported by the indi-
vidual stores monthly to a research bureau which issues a monthly
report of combined sales to the reporting stores and to newspapers.

¢) An advertising agency calls residences by telephone to inquire whether
the radio in the home is in use.

d) The federal income tax law requires that a copy of all tax returns be
kept on file for public inspection in local offices of the Bureau of
Internal Revenue. A student prepares a study of income distribution
in his city based on these duplicate tax reports.

Investigate each of the following in the reference given to determine

whether the method of collection is by sample or census.

a) Each year, beginning in 1935, the Department of Agriculture publishes
complete information on agricultural production. Agricultural Statistics,
United States Department of Agriculture, pp. 1-5 (approximately).

6) The net profits of corporations as compiled by the Federal Reserve
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Bank of New York. Survey of Current Business, 1938 Supplement,
United States Department of Commerce, pp. 64 and 180.

¢) The value of production of manufactures in the United States. Biennial
Census of Manufactures, any issue, United States Department of Com-
merce. (The description of method is found at different places in
different issues. In the 1925 Census, for example, the description of
method is found on pp. 3-6.)

d) The loans and investments of reporting member banks of the Federal
Reserve System in 101 cities. Swrvey of Caurrent Business, 1938 Sup-
plement, United States Department of Commerce, pp. 55 and 178.

. State in each of the following examples of collection whether agents or
mail questionnaires should be used and whether the census or sample
method should be used. Give reasons for answers in each case.

a) A city welfare organization wished to make an investigation of the
extent to which families receiving city relief were paying money on
installment purchases.

b) A city restaurant association wished to study the distribution of ex-
penses of doing business of its 53 members.

¢) An advertising agency wished to inquire from the owners of a certain
make of automobile whether they would purchase the same make of
car again.

d) A corporation wanted information concerning how many of its 4,500
employees were home owners, the value of their homes, and where the
homes were located.

. In each of the following examples the student is expected to lay out
a preliminary plan for the collection of data, giving explanations of pro-
cedure and reasons for choice where alternate methods are available.

a) A study of vacant dwellings in the community in which your college
or university is located. The purpose of the study will presumably be
to determine: (1) the percentage of dwellings vacant, (2) what types
of dwellings have the highest and lowest vacancy ratios, (3) the sec-
tions of the community having the highest and lowest vacancy ratios,
(4) the relation of vacancy to age of dwellings, (5) allied questions
that you may care to include.

b) An automobile manufacturer advertising in newspapers and maga-
zines, on billboards, and by radio wishes to discover which type of
advertising is most effective in drawing the attention of the public to
his product.

¢) A manufacturer of a well-known brand of toilet soap wishes to dis-
cover by a direct appeal to consumers why the sales of his product have
declined during the past year.

d) A state milk control board wishes to find the variations in the price
at which whole milk is sold in retail stores in the state.
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CHAPTER V

SAMPLING

RELATION TO KNOWLEDGE
' P 1 UCH of the world’s knowledge is based upon inferences

drawn from observation of samples. Finding the skeleton

of a giant mammal embedded in rock strata demonstrated
to have been on the surface of the earth 100,000 years ago, the
paleontologist deduces the fact that such an animal lived in that period
and then generalizes that this animal was typical of many alive at the
time. One example has been found; therefore many others like it
must have existed. A lumber jack taps along the side of a fallen tree
with his axe and, listening to the sound, determines how far the tree is
hollow and just where it becomes solid to the heart. His past experience
in tapping logs represents a large sample providing the knowledge to
be applied to the new log and his judgment is usually correct. A public
speaker, wishing to drive home a point to his audience, illustrates with
a story or an experience because he has found that this method of
emphasis is the most effective. The response he has obtained in the
past represents a sample the results of which are a part of his platform
technique. These illustrations exemplify the extent to which sample
experience becomes the guide to current action. Similar examples
could be cited in every field of knowledge. The notion of sampling
and the generalization of the results of sampling are in no sense
peculiar to statistical work. Sampling is, however, particularly impor-
tant in the field of statistics, because the numerical character of the
subject lends itself to exact development.

THE IMPORTANCE OF SAMPLING

Sampling techniques are seldom necessary in internal statistical work
but have their greatest application in external work. In the latter case
it is seldom possible to obtain all of the data pertinent to a given
statistical universe,! hence the usual situation requires that results be

1The complete category of data from which a sample is drawn is known as a
statistical universe or statistical population. In the preceding chapter an example was
presented in which prices of groceries were collected monthly from 25 grocery stores in
a city. The 25 stores are a sample of the universe or population consisting of all grocery
stores in the city.

69
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obtained from the study of samples. | Thus we have: indexes of com-
modity prices based on a few hundred of the thousands of commodities
that are traded daily; average hourly wage rates in manufacturing
plants determined from samples including no more than 5 per cent
of factory workers; the market for a product estimated from the results
of sending a questionnaire to 1 or 2 per cent of the potential users.
These examples are sufficient to indicate the importance of sampling
in statistical work.

When a retailer buys shoes from a salesman he expects that they will
be just like the sample which the salesman shows. In the same way
we might expect to estimate the average age of 2,000 freshmen in a
university from the ages of a sample of 100 of them attending a
freshman lecture. Certain differences between these two ‘“‘samples”
will immediately occur to the reader. The shoes are all made on the
same machinery, defects are weeded out by inspection, and uniformity
is assured at every step of the manufacturing process. Therefore,
one shoe picked at random does represent the entire lot. On the other
hand we cannot be sure that the sample of 100 freshmen is repre-
sentative as to age. The lecture may have attracted only more mature
students, or a brilliant younger group who completed high school
in three years.

¢ The absence of control over statistical data is precisely what makes
it necessary to develop principles and methods of sampling. We wish
to know something about a certain universe of events or facts, but
are unable to make a complete enumeration. Instead we must record
specific facts concerning a sample drawn from the universe—a sample
which shall be representative of the universe. The problem is, How
can such a sample be obtained?

THE PRINCIPLE OF STATISTICAL REGULARITY

If our knowledge of the universe is limited how can we ever know
that a sample drawn from it is representative? The answer to this
question comes from a principle which is as broad in its application
as the laws of nature. It is known as the Principle of Statistical Regu-
larity and may be stated thus:: A sample selected at random from a
universe will exhibit the characteristics of the universe, even though
the number in the sample is small compared with the universe. The
simplest illustrations of the operation of the principle occur in coin
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tossing and dice rolling. Every throw is exactly like every other one
and the experimental material, i.e., coins or dice, remains constant.’

The result of an experiment with coins is presented in Table 6.
Ten coins were used and the results in the first four lines of the table
are for groups of 50 throws each, or 500 coins. The 240 heads and
260 tails obtained in the first trial of 500 varied 4 per cent from the
expectation of 250 each. The second trial gave 245 heads and 255
tails, a cumulative result of 485 heads and 515 tails in the first 1,000
coins. The cumulative result varies 3 pcr cent from the expected 500
of each. In successive rows of the table the results for the third and
fourth trial of 50 throws, the third and fourth hundred throws, and

TABLE 6
THE PRINCIPLE OF STATISTICAL REGULARITY ILLUSTRATED BY COIN THROWING
CUMULATIVE
NuMmBERr or REsuLT
THROWS OF Expected Per Cent
Tex Coixs Actual Result Result Variation
EacH (Equal Number from
of Heads Expected
Heads Tails Heads Tails and Tails) Result
1st SO ......... 240 260 240 260 250 4.00
2d SO......... 245 255 485 515 500 3.00
3d 50......... 253 247 738 762 750 1.60
4th 50......... 246 254 984 1,016 1,000 1.60
3d 100......... 501 499 1,485 1,515 1,500 1.00
4th 100 ......... 539 461 2,024 1,976 2,000 1.20
1st 400 ......... 2,024 1,976 2,024 1,976 2,000 120
2d 400......... 1,925 2,075 3,949 4,051 4,000 1.28
3d 400......... 1,999 2,001 5,948 6,052 6,000 87
4th 400 ......... 2,036 1,964 7,984 8,016 8,000 .20
Sth 400 ......... 2,009 1,991 9,993 10,007 10,000 .07
6th 400 ......... 2,007 1,993 12,000 12,000 12,000 .00
7th 400 ......... 2,015 1,985 14,015 13,985 14,000 .11
8th 400 ......... 2,000 2,000 16,015 15,985 16,000 .09
9th 400 ......... 1,993 2,007 18,008 17,992 18,000 .04
10th 400 ......... 1,959 2,041 19,967 20,033 20,000 17
11th 400......... 2,013 1,987 21,980 22,020 22,000 .09

so on are shown. The last column of the table shows how the per-
centage variation from the expected number tends to decrease as the
size of the cumulative sample increases. At the end of the first 400
throws (4,000 coins) the variation is 1.20 per cent. At the end of the
second 400 throws the variation increases slightly to 1.28 per cent and
then decreases regularly through the third, fourth, and fifth groups
of 400 throws and reaches zero at the end of 2,400 throws. The exact
result obtained at this point is purely accidental, as is the exact way
in which the percentage variation declined with the increase in size
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of the sample. The important point is that the percentage variation
becomes smaller and smaller as the size of the sample increases and
that in spite of slight deviations it remains small through the seventh,
eighth, ninth, tenth, and eleventh trials of 400 throws each.?

Examination of the result columns shows that sometimes the num-
ber of heads is greater than the expected number and at other points
the number of tails is greater than expected; there is no indication of
any fixed bias nor any tendency for either heads or tails always to
exceed expectancy. Specifically, for instance, after 400 throws there
were more heads than expected, but after 800 throws there were more
tails than expected. This difference in the direction of variation to-
gether with the regular reduction in the percentage variation indicates
the tendency toward regularity of the results as the size of the sample
increases. The tossing of 44,000 coins has demonstrated the principle.
If the tossing were continued, the percentage variations could be ex-
pected to diminish.

A further demonstration of the operation of the principle of statis-
tical regularity is presented in Table 7, showing the results of throwing
five dice. The first line of the table gives the results of the first 20
throws of five dice (100 faces showing or, as recorded in the first
column, 100 dice). The maximum variation from the expected num-
ber is the appearance of 22 fives. This variation of 32 per cent is due
to the small size of the sample. The decline in the variation of the
actual from the expected result can be seen as the size of the sample
is increased.

There are two places at which the progressive decline in variability
is broken—when the cumulative sample consists of 300 dice and when
it consists of 3,600 dice. These two exceptions to the operation of the
principle of statistical regularity do not disprove its universality.
The experiment was carried on with ordinary commercial dice and
they were thrown within a confined space rather than being permitted
to come to rest without obstruction. Either circumstance might be
sufficient to explain the two irregularities that appear.

In both examples the expected occurrence of the recorded events is
known. That is, coins should fall heads and tails with equal frequency;
one face of a die is as likely to turn up as another. Consequently

2 The reliability of a sample increases proportionally to the square root of the num-
ber of cases in the sample. Thus to double the reliability, i.c., to halve the variability,
the number of cases must be four times as great. The reason for this relation will be
apparent from the form of the formulas for standard error in chapter
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these are controlled experiments carried out to show how the principle
of statistical regularity operates.

Consider another example. A teacher made a practice each year
of having each of his students measure the width of his desk. The
same ruler was used year after year, but the students’ results varied
individually and from year to year. The ruler was subdivided by 32ds
of an inch and the students were told to read to 64ths of an inch.
The yearly average for eight years is shown in Table 8.

TABLE 8

WIDTH OF A TEACHER'S DBSK ACCORDING TO MEASUREMENTS BY
EIGHT DIFFERENT GROUPS OF STUDENTS

AvVERAGE MEASURED
Yzaz NUMBER OF WiprH or DEsk
STUDENTS 1x INCHEs
ISt oiievenreeenecannne ool 32 48.65
. P 26 48.49
7 ool 30 48.61
4th ........... cecscsccona 31 48.60
D13 . W cececens 28 48.57
(13 36 48.59
/1 S cesessvas 31 48.62
8th .....ovveennnns cscsens 28 48.60

The exact width of the teacher’s desk is unknown, yet these averages
perform in the same way as the observations of coin and dice throw-
ing. As the number of heads sometimes exceeded the number of tails
and vice versa, so in the same way some of these averages were slightly
above the theoretically true width,® others slightly below.

The example shows that results from samples tend to group them-
selves about an unknown true value just the same as they group
themselves about a known true value. The coins and dice are samples
in which the observations involved only counting. The desk data
involved measurement. We conclude therefore that the principle of
statistical regularity applies to both counted and measured samples.

A major question arises at this point. Will the same regularity
appear when the universe is less homogeneous* than coins, dice, or
8 The theoretically best estimate for an unknown value is the arithmetic average of a
large number of independent observations of that value.

4 “Homogeneous™ as used in statistical work means sufficiently alike to be used for
the immediate purpose as though equivalent. For example, coins and dice are truly homo-
geneous in the sense that each one is identical with every other one, but human beings,
animals, and other materials dealt with in statistical work are treated as though they were
homogeneous even though appreciable differences of size, weight, and other characteristics

agpear within the groups. *'Non-homogeneous,” or “heterogeneous,” means possessing
characteristics which are sufficiently different to require classification in different categories.
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the width of a desk? The answer can be obtained from another ex-
ample. The problem was to find the average number of letters in the
last names of persons having telephones in Buffalo, New York. Each
page of the telephone book contained four columns. A ruler was laid
across each page of the book near the middle of the page and the
number of letters in the name appearing above the ruler in each column
was counted. Four samples were taken, the first containing a name
from the first column of each page of the book, the second a name
from the second column and so on. There were 265 pages in the book,
hence each sample contained 265 items. The average numbers of letters
in the names in the samples were:

1st sample 6.51 letters
2d sample 6.52 letters
3d sample 6.51 letters
4th sample 6.54 letters

The similarity of the four results shows how the principle of statistical
regularity operates. These samples were chosen entirely at random,®
yet any one of them alone presumably would have represented the
universe.

Each sample contained only 265 out of a total of about 70,000
names in the telephone book, yet there is little doubt that the average
number of letters in the last names appearing in the book is about 6.5.
Note that we do not expect the sample to give the exact characteristics
of the universe but rather an approximate indication of those char-
acteristics. The four samples vary slightly and probably each one varies
somewhat from the true value. Such variations will always appear in
samples. In fact the methods of analyzing data which will be devel-
oped in subsequent chapters include the measurement of the expected
variation of the characteristics of a universe from those characteristics
found in a sample drawn from it.

In the previous examples chance has operated in each case. The
chances are equal of getting either heads or tails in tossing a coin;
the chance that any one face of a die will turn up is one-sixth. In
measuring the width of a desk overestimates and underestimates are
equally likely. In the telephone book there is just as much chance that
“Fry” will be printed near the middle of the page, as “Frendenberger.”

i The cases which arise in practical business affairs are usually not

5 The concept of random selection of cases for a sample is explained in chapter IV,
p. 58, footnote 3.
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so simple as these examples. The operation of pure chance which is
so evident in the examples will be for the most part lacking in prac-
tical work. The investigator is forced to deal with conditions as they
exist. In general more variables will be present and as a result adjust-
ments become necessary. The real problem of sampling is to find
methods of selecting the cases for the sample so that the characteristic
to be measured or counted has a chance of occurring in the sample
in the same proportion as it occurs in the universe. The amount of
care required to do this will be evident when it is remembered that
the extent of occurrence of the characteristic being studied is unknown
in the universe and can only be inferred as the final step in the analysis
of the sample. This would be circular reasoning were it not for the
principle of statistical regularity. Some of the characteristics of the
universe may already be known, and if these krown conditions of
the universe can be reproduced on a small scale in the sample, then the
operation of the principle is all that is needed to allow us to infer
from its occurrence in the sample the extent to which a given unknown
characteristic is present in the universe.’

THE TWO PROBLEMS OF SAMPLING

There are two major factors to be considered in obtaining a sample:
(1) how many cases must be included to obtain reliable results and
(2) what cases must be included to secure representativeness.

The Size of A Sample

The first problem is, How many or what proportion of the cases
in the universe must be taken for the principle of statistical regularity
to operate? There is no numerical answer to this question. It would
be wrong to say that a 50 per cent sample or a 10 per cent sample
will be satisfactory. In fact such an answer is meaningless in coin
tossing where the universe is infinite. Even when the universe is lim-
ited, as in the telephone book example, we do not attempt to say that
a certain number of cases or a certain percentage of the total number
of cases in the universe will be a large number. The telephone book
used in this test experiment contained about 70,000 names. A sample
of 265 was therefore only about four-tenths of 1 per cent, yet the
results obtained from the four independent samples fell within a very
narrow range.
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The question of how many cases to include in a sample must be
decided for each problem separately. The number depends primarily
on the degree of reliability required and the diversity of the charac-
teristics present in the universe. The tests for reliability are developed
in detail in chapter XXIX. The question of diversity of characteris-
tics can be discussed at this point. If the universe is as strictly homo-
geneous as the letters in names in a telephone book, a very small
sample will suffice for the purpose of determining the average number
of letters per name. On the other hand, if a sample from the telephone
book were used to determine the percentage of subscribers who used
four-party service, a much larger sample would be required to insure
that proper provision was made for the tendency toward use of this
type of service in different parts of the city, for the inclusion of mainly
residential subscribers since few business places use four-party service,
and for the exclusion of those exchanges, if any, which do not provide
four-party service.

{ This example demonstrates further the importance of a previous
statement, that the question of homogeneity of the universe depends
upon the purpose for which the sample is taken. Thus only a relative
statement can be made concerning the size of a sample. If the events
in the universe differ only with respect to the characteristic which is
tested by the sample, a sample as small as one-tenth of 1 per cent of
the universe may be adequate for the principle of statistical regularity
to be effective. As the number of characteristics which vary in the
universe increases, the size of the sample must be increased, sometimes
becoming as large as 10 per cent of the universe. If a sample greater
than 10 per cent is required to reproduce the characteristics of the
universe, the universe itself is probably not sufficiently homogeneous
for the principles of sampling to be used.:

Methods of Securing a Representative Sample

The second problem is how to secure a representative sample. In
particular, What cases shall be included in order to set up in the sample
a pattern which will reproduce on a smaller scale the conditions of the
universe? In some cases none of the conditions of the universe may
be known, while in other instances information is already available
concerning the distribution of certain characteristics. Consequently
there are two methods of securing representativeness: (1) uncontrolled
sampling and (2) controlled sampling.
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Uncontrolled sampling—If little or nothing is known about the
distribution of any of the characteristics in the universe, an uncontrolled
sample is the only one which can be used.

Example 1: Suppose a tobacco retailer wishes to make a consumer
investigation of the question, “What brand of cigarettes is most pop-
ular in this city?” It would be difficult to find a “control” in this case,
because nothing is known regarding the characteristics of cigarette
smokers as a group of the population. It is known in general that
children do not smoke cigarettes, but just what the proportion of
cigarette smokers is in each adult age group would be hard to estimate.
It is not even known how the percentage of men cigarette smokers
compares with the percentage of women smokers. If there had been
some recent nation-wide study showing what percentage of each sex
smokes cigarettes, these two percentages would provide a control to
determine the proportionate number of men and women from whom
replies should be obtained in this study.

In the absence of any such control, the most obvious method is to
take cases from the universe as they come to hand, making no choice
of any kind. Even this involves some selection of time and place for
taking interviews. The method must insure a rough representation of
all the general characteristics of the adult population, on the assump-
tion that, provided the sample is large enough, smokers of various
brands of cigarettes will be included in correct proportion. That is,
since age, sex, nationality, economic class, or other characteristics may
be determining factors in the choice of brand of cigarettes, the answers
must come from persons who are representative of the total adult popu-
lation in as many respects as possible. It would not serve the purpose,
therefore, to distribute questionnaires only at women’s clubs, or only
at an industrial plant, or to interview only relief clients, or only people
on the street at three o'clock in the afternoon. But if a busy down-
town corner were selected, at an hour when all classes of men and
women, employed as well as unemployed are likely to be on the street,
the passers-by should be fairly representative of the entire adult popu-
lation. If stopped and asked what brand of cigarette they buy,
some would reply, others would ignore the question; some would be
cigarette smokers, others would not smoke cigarettes or would not
smoke at all.' The investigation might show that six hundred and thir-
teen cigarette smokers replied and the answers were tabulated as fol-
lows: Brand “A,” 18 per cent; Brand "B,” 16 per cent; and so on.
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' 'The important feature of this method is the absence of control of
the sample. Experiments have shown that reliable results can be
obtained by this method only through the use of a large sample. The
distribution of none of the characteristics in the universe is known;
therefore a large sample must be taken to insure that the pattern of
the universe will be reproduced. This uncontrolled plan of collection
is known also as the extensive method of sampling.

Example 2: The use of this method in an investigation is illustrated
by the chain store inquiry of the Feder2l Trade Commission conducted
in 1928 and published in 1930-31 The sample was obtained in the
following manner:

A mailing list of chain stores was prepared by the commission from various
lists of chains, including those of the Chain Store Age and the National Asso-
ciation of Real Estate Boards, supplemented by telephone directories, trade
journals, and city directories, all of which were checked to eliminate, so far as
possible, duplications. When completed, this mailing list for the selected groups
of chain stores included slightly over 7,500 names. The results obtained from
this mailing list are shown in the following tabular statement:

Schedules mailed ......... .. .. o il 7,515
Returned by post office. . ........ ..o i 713
Duplications .. .......vvuiiiiiiiii ittt it 638
Non-chain establishments only............. ... ...t 1,282
Co-operative group only. ... ...l e 39
Reported out of business............oovieiiiiiiiiieianannn 492
In receivership, no records, or records destroyed, etc.............. 833
Unobtainable at time of tabulation................. ..ot 1,596
Total eliminated ........... ... i 5,593
Schedules returned . ... ....cci vt i i i e 1,9228

Only 1,727 of the 1,922 schedules were usable in the analysis but the
Commission appraised their representativeness as follows:

Comparing the commission’s data with estimates for the entire field based
upon census data, it appears that the commission’s study represents approximately
one-half of the number of stores operated and one-half of the aggregate sales
volume of all organizations engaged in chain-store merchandising in 1929 in
the 26 kinds of business covered by this inquiry, including chains of two and
three stores, which are not classed by the census as chain stores. On the other
hand, the total number of chains represented in the commission’s inquiry is
estimated to be something under 10 per cent of the total.?

6 “Scope of the Chain-Store Inquuty,” Chasn Stores, 72d Congress, 1st Session, Scnate
Document No. 31, p. 9.
7 1bid., p. ix.
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The Commission had to treat its data in different classifications,
hence the real problem of representativeness arose in the sub-groups.
A comparison of sample data with Census of Distribution data based

on the parts of each which were considered comparable is shown in
Table 9.

TABLE 9

PERCENTAGE OF ToTAL CeENsus CHAINS (FOUR STORES AND UP), STORES, AND SALES IN
1929 REPRESENIED IN THE COMMISSION'S ORIGINAL CHAIN-STORE SCHEDULE RETURNS
FOR CHAINS OF Six STORES AND UP FOR 1928%*

PERCENT REPRESENTATION OF CENSUS IN
KIND oF CHAIN COMMISSION’S SAMPLE

Chains Stores Sales

T 23.8 76.9 76.5
0 g 17.7 428 35.5
TObACCO vivvv it iet it it iie it 17.2 109.8 104.0
Variety ...viiiiiiiiiiiii it ittt 449 804 89.8
Clothing, furnishing, and accessories........... 20.8 30.6 34.7
Hats, caps, and millinery.........ccc0eunnn.. 20.6 33.7 52.9
ShOE wiviii it i i e e 344 55.6 56.8
Department store and dry goods............... 28.7 53.5 97.8
General merchandise ......veiieeinnnnenannn 64 9.3 7.8
Furniture .........ccciiiiiiiiennennnnennnns 4.0 7.6 119
Musical instruments ..........ccceiienecen.. 12.1 15.7 24.8
Hardware .........ciiiieereeneancncsannans 13.3 25.3 220
Total ... i i i it e aiea. 218 66.3 69.2

» “Scope of the Chain-Store Inquiry,” Chain Stores, 72d Congress, 1st Session, Senate
Document No. 31, p. 28.

Table 9 is complicated by the fact that the ratios in the three
columns have in the numerator results from the Federal Trade Com-
mission’s sample of chains operating six or more stores in 1928 and
in the denominator results from the Census of Distribution, a complete
enumeration of chains operating four or more stores in 1929. From
this comparison the Commission concluded:

The purpose of Table {97 obviously is not to present an exact measure of
the proportions of the commission’s data either of the chain-store field as a
whole or by specific commodities but rather to afford a general impression as
to the kinds of business in which the commission data may be regarded as
sufficiently comprehensive as contrasted perhaps with those for which the figures
should be regarded merely as indicative because of the comparatively small
representation in comparison with the census totals.

It should, of course, be recognized that the foregoing proportionate com-
parisons are approximations, both because of the variations in classification and
the necessary treatment of the 4- and 5-store chains in the commission data.

In general, it appears that with the possible exception of general stores and
furniture chains, the commission’s reports arte sufficiently adequate to provide a
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satisfactory indication of chain store operations in the several kinds of business
considered.8

This sample was obtained without exercising any control over the
cases which should be included. As a result only part of the organiza-
tions to whom the questions were sent proved to come within the
definition of chain merchandisers. The ultimate size of the sample
was unknown until the returns had been edited. Even when the size
of the sample as a whole was known the representativeness of the
sample with respect to different kinds of chains was in doubt until
a partial comparison could be made when the results of the 1929
Census of Distribution were published. Finally it turned out that in so
far as the comparisons with census results were valid, the various lines
of trade were not equally well represented in the sample, although
with two exceptions the sample was considered large enough to provide
representative information concerning chain-store merchandising in
different lines of trade.

Controlled sampling—When knowledge of some of the character-
istics of the universe can be obtained, the usual practice is to take a
controlled sample. A controlled sample is one in which representative-
ness is obtained by conscions adjustment of the sample to conform to
the conditions existing in the universe according to one or more known
characteristics. The known characteristics are not the ones that are
being studied in the sample investigation. For instance, in a survey of
buying habits of students at a certain university, the number registered
in each class is a matter of record at the registrar’s office. This known
distribution can be used in selecting a representative number of sample
cases from each class, and in order to check with this control each
student interviewed must be asked what class he or she is in. How-
ever, the object of the investigation is not to determine the distribution
of students by class, but rather to assemble, by means of sampling, a
variety of hitherto unrecorded information regarding the buying habits
of all the students.

The advantages of the controlled method lie (1) in the substitution
of a known representativeness for one hoped for on the basis of size
of sample alone and (2) in the small size of sample which can be
used. If the information had been available for the chain-store inquiry
to have followed this plan of sampling, the first step would have been

81bid,, pp. 28, 30.
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a study of existing information concerning chain stores to obtain for
each line of trade covered by the investigation the best estimate of the
number of chains, the proportion of large and small chains, the dis-
tribution of sales by lines of trade, and the total sales. Guided by this
information the sample could have been planned so as to get the
proper representation of large and small chains and of the several
lines of trade. Thus a reasonable amount of control over the sample
would have been exercised.

Controlled sampling may be further differentiated according to the
degree of selection used in establishing the controls. If there is 100
per cent selection, leaving no elements to chance in determining the
actual cases that appear in the sample, the method is called selective
sampling. If a certain degree of selection is used, but the final deter-
mination of actual cases is left to chance, this is called the /nclusive
method. Examples of the latter will therefore cover the entire range
between uncontrolled, or extensive, sampling in which the distribution
of none of the characteristics of the universe is known, and selective
sampling, in which each individual case is picked because of the known
representativeness of its general characteristics.!

The selective method: An example® will show the method by which
the investigator, on the basis of his knowledge of the universe, hand-
picks a small number of cases which he believes will be a representa-
tive sample.

Five years ago Mr. William Groom of the Thompson-Koch Company was
interested in the possibility of measuring directly in terms of sales the effective-
ness of the advertising produced by his agency. Mr. Groom selected four
middle-western cities of 35,000 to 50,000 population. He planned to run his
experimental campaigns in the newspapers in these cities and to measure results
in terms of the sales made through the local drug stores. To this end Mr. Groom
enrolled from three to a dozen or more drug stores in each of his cities and
paid them to submit each month a statement of the sales made during the
month of each of a number of different drug items.

In order to be able to generalize from the results, it is, of course, desirable
to make any study of retail sales in communities which are more or less repre-
sentative. Mr. Groom originally chose his four test towns on the basis of a
personal knowledge of the communities, and a belief that these communities
were fairly representative of a great part of the country.

The thought in using cities of this size and character was that they presented
a mixture of urban and rural people and problems and, therefore, were more

9 Lyman Chalkley, Jr., “The Flow of Sales through Retail Drug Stores—A Factual
Study,” Harvard Business Review, Vol. XII, No. 4 (July, 1934), pp. 427-29.
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representative of the whole country than either the larger metropolitan centers
or the purely rural districts. Each city has some manufacturing, some farming,
and some general business and professional activities proportioned roughly
like those in the country as a whole.

Although only four cities were included in the study, the investi-
gators expected their results to be representative of the country as a
whole. Further the records of 23 drugstores out of a total of about
100 in the four cities were used. These 23 were personally selected by
Mzr. Groom. Finally the sales of 12 selected items became the data of
the study. The selection, in every respect, of the cases to be included
in the study is the important point of the example.

This description of the procedure immediately gives rise to three
questions: (1) Were these four towns representative of the country
as a whole as regards the relation of sales to advertising? (2) Were
the sales of the 23 stores representative of sales of all drugstores in
the four communities? (3) Were the 12 items the proper ones to
study? The equivalent of these questions must be raised with respect
to the plan for any selective sample. When the investigator feels that
he has sufficient knowledge of his universe and of his sample to be
able to answer such questions, there is some justification for the use
of the selective method of sampling. Under the usual practical condi-
tions no such assurance is possible, hence the method should be used
sparingly. The danger lies in getting a biased result if the selection
should go astray at any stage of planning the sample.

U The inclusive method: Two examples will illustrate various degrees
of control in securing an inclusive controlled sample.

Example 1: An advertising firm was asked to make a quick survey of
the nation-wide popularity of a certain brand of scouring powder. The
firm first selected a few cities which were believed to be representative
of the entire country. Local supervisors were appointed, each of whom
was familiar with conditions in her own city, and they were asked to
select sample areas that would be representative of nationality groups,
old and new residential districts, etc., but each containing a variety of
income levels. One agent was assigned to each area and was given
freedom to select the housewives whom she would interview, except
that her total number of interviews must be divided approximately
into 20, 40, 30, and 10 per cent of four roughly defined economic
classes. (In certain areas adjustments of the required proportions were
made according to the known economic levels in the neighborhood.)
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If toward the end of an assignment an agent found that she had
secured a markedly unbalanced proportion of interviews according to
economic class, she then had to exercise some degree of selection in
choosing the blocks and houses to visit so that her remaining schedules
would make up the deficiency. For the most part, however, if the
agents used some system of random selection such as calling at every
third house or canvassing every other block, they found that they usu-
ally had the right proportion of interviews without making any con-
scious adjustment.

This method permitted some degree of selection according to cer-
tain general characteristics within each of three controls of the inves-
tigation, (city, area, and economic group). In spite of this fact, most
of the housewives interviewed were chosen solely by chance: they hap-
pened to be at home; they happened to live in a block near the car
line where the agent started to canvass, etc., all of which were factors
that had no effect whatever on their choice of scouring powder. The
key idea in this method was that all of the types of families were
given a chance to appear in the sample in proportion to the number
of each type existing in the community. All of the characteristics of
the universe were given a fair chance to be included in the sample.
Beyond that point no selection was made of the individual cases that
were actually taken.

Example 2: In this investigation'® by inclusive sampling selection
was exercised only at the first level of the plan, and at later stages the
returns were determined wholly by chance.

An investigation was made by the Bureau of Business Research [of the
University of Pittsburgh} in the spring of 1931 to determine the cost and
the quality of housing accommodations secured by salaried workers em-
ployed in downtown Pittsburgh. The housing status of 1,415 families was
analyzed.

The data for this study were secured by means of questionnaires distributed
to salaried workers through their employers. The co-operation of the following
types of concerns with offices in downtown Pittsburgh was secured for the
distribution of the questionnaires: two public utilities, four department stores,
five financial institutions, five industrial concerns, one railroad, and two insur-
ance agencies.

It is believed that the employees of these concerns represent a fair cross-
section of the salaried workers employed in downtown Pittsburgh.

10 Theodore A. Veenstra, “Housing Status of Salaried Workers Employed in Pitts-
burgh,” Univessity of Pitssbusgh Bulletin, Vol. XXVIII (Juae 10, 1932), pp. 1-4.
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Questionnaires were distributed among salesmen, accountants, clerks, statis-
ticians, engineers, and junior executives. In order to get replies from the type
of worker selected for the study, co-operating concerns were asked to distribute
the questionnaires to employees described as follows: “Heads of families en-
gaged in clerical and executive work in downtown Pittsburgh with salaries of
$5,000 annually or less.” In general the persons reporting were heads of
families engaged in the designated types of work. Salaries in a number
of cases were in excess of $5,000; but such cases, if otherwise acceptable, were
included in the study.

A large proportion of the 1,385 persons reporting occupations were en-
gaged in clerical work. Those having executive, technical, selling, and account-
ing positions were next in order in numbers reporting. Other groups were only
sparsely represented.

The universe from which this sample was taken included only
salaried workers in offices in downtown Pittsburgh who were heads
of families. The $5,000 limit automatically excluded high-salaried
executives. Thus the limits of the investigation were rather closely
defined. The 19 firms were selected because they represented the known
distribution of different lines of business in which the desired kinds
of workers were employed. It was assumed that the employees of
these concerns were representative of the universe as to types of work
and salary distribution. Undoubtedly many failed to reply, but, since
the original group was so carefully selected, the reply of any employee
was just as acceptable as that of any other. As long as a sufficient
number of replies was secured the information regarding housing
could be considered as representing the entire group.

The weighted method: The weighted method of controlled sam-
pling is, in its initial steps, the same as inclusive sampling. That is, a
definite effort is made to secure cases in the sample that will represent
the known characteristics of the universe. As a further step, however,
the sample is again consciously adjusted after it has been collected in
order to bring it into closer conformity with these known general
characteristics. In this process none of the cases is dropped from the
sample, but all are grouped and weighted in order to give each group
the importance that previous knowledge of the universe indicates it
should have.

This method was used in predicting the results of the presidential
election in 1936, a detailed description of which is provided in an
explanation of the work of the American Institute of Public Opinion
(Gallup Polls).
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The weighted-sample technique assumes that it is possible to isolate and
measure factors, or groupings, which determine the distribution of the variable
in question. The method of the weighted sample tries to choose from the
many possibilities the important determinants of voting behavior. The sample
is then constructed by preserving in the miniature population the ratios of the
selected groupings which hold for the total population.

The problem of the selection of the significant groupings in the voting
population was solved in this poll by experimentation. Gallup tried distributing
straw-vote retumns according to various factors. Those which showed an even
distribution of ballots between the major candidates were discarded. Five con-
trols were finally chosen. First, ballots returned from each state were to repre-
sent the correct proportion of the state’s population to the national population.
Second, the ratio of farm and city votes in each state was to be maintained.
Third, the correct percentage of voters in each income group had to be
represented. Fourth, the ballots returned were to reflect accurately the propor-
tion of young people who had come of voting age since the last election.
Fifth, the return was to come from the correct percentage of people who voted
for Roosevelt, Hoover, Thomas and others in 1932,

The distribution of ballots in the proper proportion is, however, only half
the story. Ballots leave the polling office in the proper ratio according to the
factors mentioned. But the correct ratio is seldom maintained after the round
trip from office to voter to office. As a rule less than one-fifth of the mailed
ballots are returned and these tend to come from selected groups. People with
intense opinions (reformers, arch-conservatives, radicals) are more likely to
return ballots than those who are luke-warm or undecided; more highly edu-
cated and economically secure persons take a greater interest in the ballots and
feel more free to answer them. The American Institute found that the largest
response (about 40 per cent) came from people listed in Who's Who. Eighteen
per cent of the people in telephone lists, 15 per cent of the registered voters
in poor areas, and 11 per cent of people on relief returned their ballots. Men
are more likely to reply than women.

These peculiarities in the mail response of the sampled popul:tion are
counteracted in two ways: using interviewers, and adjusting the final number
of ballots according to the original quota-controls. The Institute had some 200
interviewers scattered throughout the nation. The answers they gathered con-
stituted one-third of the final return for the Institute poll. Interviewers can be
used advantageously where the mail ballot is not likely to succeed: in relief
districts, farms, and working class areas.l

A partial description of the method by which the returns were
adjusted according to the control groups may serve as a guide to the
general application of this method.

The criteria used as controls are established from known data such

11 Daniel Katz and Hadley Cantril, “Public Opinion Polls,” Sociometry, Vol. |
(1937), pp. 159-60.
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as United States population by states, farm and non-farm population
of each state, age groups of the population, and the 1932 election
returns by states. The proportionate distribution of replies received
is compared with the distribution in the “control” group for each of
these criteria successively in order to secure for the votes cast in the
straw ballot a redistribution that will be in every essential truly repre-
sentative of the total voting population.

The adjustments according to four of the controls are made by
states. As an example of the method of procedure, suppose that after
the special interviews the straw ballots received from New York State
were distributed as in Table 10, according to farm and non-farm voters.

TABLE 10

STRAW BALLOTS IN NEwW YORK STATE, 1936
ORIGINAL RFTURNS FROM FARM AND NON-FARM VOTERS
(HYPOTHETICAL DATA)

CHoICE OF CANDIDATE
Vorzezs ToTAL
Roosevelt Landon Thomas
Farm
Number ..........coovun 2,500 1,975 25 4,500
Percentage distribution ..... 55.6 439 0.5 100.0
Non-Farm
Number ................ 75,000 25,000 2,000 102,000
Percentage distribution . ... 73.5 243 20 100.0
Total number ............... 77,500 26,973 2,025 106,500

The first question is whether the proportions of farm and non-farm
voters conform to the census distribution. Of the total 106,500 straw
ballots cast, 102,000, or 96 per cent, were by non-farm voters. Accord-
ing to the census, however, the population of New York State is 94
per cent non-farm and 6 per cent farm. If the 106,500 straw ballots
had been divided in that proportion, there would have been 6,390 farm
instead of 4,500, and 100,110 non-farm instead of 102,000. These
corrected figures are therefore substituted for the total ballots cast.
They are then redistributed as to choice of candidate according to the
same percentage distribution that was found from the actual ballots.
That is, the percentage distributions shown in Table 10 are applied
to the new totals for farm and non-farm giving the choices for each
candidate by the farm and non-farm voters as shown in Table 11. The
corrected state totals for each candidate are obtained by adding the
corrected farm and non-farm votes in each case. It will be noted that
the grand total for the state, 106,500, has not been altered.
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TABLE 11

STRAW BALLOTS IN NEW YORK STATE, 1936
CORRECTED FOR FARM AND NON-FARM POPULATION;

DATA FROM TABLE 10

CHoicx oF CANDIDATE
Vorzas ToraL
Roosevelt Landon Thomas
Farm
Number .....coovvvvnnnn.. 3,553 2,809 32 6,390
Percentage distribution ..... 55.6 439 0.5 100.0
Non-Farm
Number ................. 73,581 24,527 2,002 100,110
Percentage distribution . ... 73.3 245 2.0 100.0
Total number ............... 77,134 27,332 2,034 106,500

The same process can now be repeated for the other three controls
within each state starting with the original returns for each of the
three. The four totals thus arrived at according to the four criteria
can then be averaged to give the true representation for New York
State. After similar adjustments have been made for each state the
results for the 48 states are ready to be combined according to the fifth
criterion, the proportion of each state’s population to the United States
total. In this last step the number of ballots cast in each state is ad-
justed but the actual total number of ballots cast in the United States
remains unchanged.

Through the introduction of these five independent controls, the
internal distribution of cases in the sample might be considerably
altered, but such alteration is made in order to adjust discrepancies
between the collected information and the known occurrence of the
five control characteristics in the universe. As a result of these altera-
tions the cases are distributed in the sample so that the unknown
variable characteristic, choice of candidate in 1936, can be studied
without distortion arising from failure of one or more of the known
characteristics to be represented properly.

Summary.—Before closing this discussion it should be pointed out
that the three methods of obtaining a representative sample depend
upon the principle of statistical regularity in different ways. (1) In an
extensive sample the principle has its purest application when the
appearance of the characteristics of the universe in the sample is left
entirely to chance. (2) In a selective sample the investigator’s knowl-
edge of certain characteristics of both universe and sample is substi-
tuted for random choices. He is still depending on the sample to give
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him information regarding certain unknown characteristics of that
universe. (3) In an inclusive sample, either unweighted or weighted,
the known characteristics of the universe are definitely projected into
the conditions of the sample, but the appearance of unknown or un-
controlled characteristics is left to chance through random selection of
the actual cases. None of these methods can be used in automatic
fashion. Careful planning by the investigator will always be needed.
His two most valuable assets will be experience and the exercise of
good judgment.

PROBLEMS

1. 4) Would the members of your statistics class be a representative sample
of the students of your school as to height? weight? age? grades?
hair color? eye color? Discuss.

b) Would the members of the class be a representative sample of all
college students with respect to the characteristics listed? Discuss.

2. If a large number of samples, each including 400 cases, show an average
variability of 4 per cent from a known result, how large a sample would
be required to confine the variability to 1 per cent? to 3 per cent? to
8 per cent? to .5 per cent?

3. Why is there less precision in the results of the dice example (Table 7)
than in the coin example (Table 6) ?

4. A retail gasoline station proprietor wished to obtain from his customers
the following four types of information: The average mileage of cars per
gallon of gasoline, the name of the manufacturer of the tires on the cars,
the place of residence of the customers, the proportion of customers using
premium gasoline. One of these types of information could be obtained
only by the census method, one by a relatively small sample, one by a
relatively large sample, and representative information on one of them
probably could not be obtained either by sampling or census. Identify the
four types of information according to the preceding description.

5. Basing your answer on the quoted paragraph at the bottom of page 80,
and Table 9, discuss the question of whether the Federal Trade Com-
mission’s gross sample was representative of large and small chain stores.

6. What are the essential differences between uncontrolled sampling and con-
trolled sampling? Between extensive sampling, selective sampling, inclu-
sive sampling, and weighted sampling?

7. Given the following information concerning the 25,900 farms in five
counties in 1940.
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OWNERS TENANTS
Counry Sell Do Not Sell Sell Do Not Sell
Milk Milk Milk Milk
243 608 110 542
437 219 633 461
1,190 2,166 2,240 1,892
946 239 1,412 928
1,762 2,913 2,812 4147
4,578 6,143 7,207 7,970

a) Set up the distribution of a sample of 400 cases to be collected from
these counties by agents to obtain information concerning *the number
and breed of cows used in dairy herds of farmers selling milk, and
the average daily production of milk per cow.”

b) Set up the distribution of a sample of 400 cases collected by agents
to obtain information concerning “the difference in living standards,
if any, between farmers who sell milk and those who do not.”

c) Is the sample of 400 large enough in each of the preceding investiga-
tions, i.e., is the number of cases in the sub-groups sufficient to pro-
vide for proper operation of the principle of statistical regularity?
Could the sample contain less than 400 cases? Discuss.

8. Suppose that an investigation by the sampling method were to be made
of the extent of employment, unemployment, and part-time employment in
a city of 500,000 population. The committee in charge would have to
consider the following methods:

A. Using schedules in the hands of agents

1. Visit one house on each side of the street in each block of the
city

2. Select in advance representative blocks in the city and visit each
house in those blocks

3. Start from a common point with areas whose boundaries run
out from the center like spokes in a wheel and instruct the agents
to proceed within their areas until
a) They have secured 1,000 completed schedules
b) They have visited 1,000 houses

4. Get names and addresses of unemployed from the local welfare
bureau and names and addresses of employed from 20 leading
employers. Visit the former to obtain data on unemployment
and the latter to obtain data on employment and part-time
employment.

B. Using mail questionnaires
1. Address the occupant at number 13 of every series of 100 street
numbers, for example, send a questionnaire to the occupant at
13 Englewood Ave., 113 Englewood, 213 Englewood, etc.
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2. Address every tenth person in the telephone directory
3. Address every twentieth person in the city directory

4. Address the first 50 persons in each letter of the alphabet in
the telephone directory.

a) Discuss the likelihood of securing a representative sample by each
method, (1) in the “A” group, (2) in the “B” group.

b) Rate the four methods of each group according to the kind and degree
of control exercised in the sample.

¢) How would you obtain this information by a completely uncontrolled
sample?
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CHAPTER VI
COLLECTION OF DATA—DIRECT SOURCES

DESCRIPTION OF DIRECT SOURCES

N CHAPTER IV direct sources were defined as the business
Iconcems, government and private agencies, and individuals from

whom statistical information not otherwise available could be
secured by direct appeal. The type of source to which appeal will be
made depends upon the kind of information desired. The internal
records of business concerns are the original sources of such data
as sales, profits, costs of doing business, employment, wages, and prices.
Most of the information is private and can be obtained only on a
confidential basis, but business concerns have come to realize the ad-
vantage to themselves and to the public of supplying the information
for statistical purposes, provided the use made of it is not detrimental.
Hence a large amount of valuable information may be obtained
directly from business concerns.

The next sources from which information can be obtained are gov-
ernment and private agencies. Government agencies here refers not
so much to those engaged in collecting and publishing statistical
information as to those directly concerned with the control or regula-
tion of business. Examples are the Board of Governors of the Federal
Reserve System, the Federal Trade Commission, and the state public
utility commissions. Agencies such as these are in a position to supply
a great amount of information on special subjects in addition to that
which they publish. Private agencies include trade associations, labor
organizations, industrial institutes, charitable organizations, statistical
services, research bureaus, and co-operative groups. In many cases
these agencies are more valuable sources than business concerns. This
is particularly true when information for an industry or an area is
desired rather than for individual firms.

Finally, the statistician who is interested in data relative to con-
sumption habits must expect to get his information from individuals
or family groups. This is perhaps the most difficult source from which
to obtain data because of the large number of persons who must be
canvassed in order to get enough data for statistical purposes, and

92



COLLECTION OF DATA—DIRECT SOURCES 93

because individuals so frequently do not possess the desired informa-
tion or are unable to give it accurately even though it concerns
themselves.

There is considerable difference in the actual collection process
from direct sources according to whether or not the data exist in the
files of the informant in such a form that they can be transferred to
collection blanks. Collection from business firms and similar organi-
zations quite commonly means merely transferring data from the
records. On the other hand collection from individuals may require
a lengthy process of interviewing to secure the information wanted.

COLLECTING DATA FROM DIRECT SOURCES

Once it has been determined that the collection of data must be
made from direct sources, and the preliminary decisions concerning
census or sample and the use of agents or mail questionnaires have
been made, the investigator is ready to put his plan into operation.
The work follows a natural sequence of steps regardless of the size
of the investigation. The several steps are: (1) the provision for
physical equipment; (2) a preliminary study of the field; (3) the
choice of cases for the sample; (4) preparation of agents’ schedules
or mail questionnaires; (5) the selection and training of a staff;
(6) supervising the work of collection.

There is literally no end to the amount of detail which might be
introduced in discussing these steps. The intention is to present no
more explanation than is necessary to give a broad view of the work.
There is a wealth of reference material available from which more
detailed information can be obtained.

The Provision of Physical Equipment

An office must be set up as a headquarters for the investigation.
In some cases only pencil and paper and a place to work are needed.
In general, however, equipment for filing, tabulation and calculation,
typewriters, forms for recording the progress of the work, and similar
materials must be provided.

A Preliminary Study of the Field

No matter how carefully the general plan of an investigation has
been developed there will be certain peculiarities which need to be
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discovered and provided for before starting the actual collection of
data. A preliminary study may bring them to light and at the same
time pave the way for the regular work. If there are technical terms
used in an industry, these should be known in advance. A knowledge
of the form in which records are kept and the units in which data are
recorded will aid in phrasing questions. The advice of leading firms
or agencies will be useful in showing the proper method of approach
to others who are to be canvassed. This advice will be particularly
valuable, if there are some concerns that are difficult to approach.

A common practice is to test a preliminary draft of questions by
submitting them to a small sample of those from whom the informa-
tion is to be obtained. The knowledge acquired in this way will aid
in preparing the final draft of the questions, provide the background
for improved agent technique, and create advance good-will for the
investigation. !

The Choice of Cases for the Sample

' The method of selecting the cases to be included in a sample is one
of the most vital steps in the entire collection process. For that reason
all of chapter V is devoted to an explanation of the principles of sam-
pling and the methods of choosing samples. The exact plan to be
followed in selecting cases must be worked out in advance by the
director and the importance of conformity to the plan must be im-
pressed upon everyone connected with the investigation. If any
subsequent change in the plan of sampling becomes necessary, such
change should be made only with the knowledge of the director. For
example, if a field agent in a consumer survey has been assigned a
particular family, and finds it unwilling to give information, he should
not try the house next door but should obtain a new assignment from
the office. '

Preparation of Schedules and Questionnaires

The success of an investigation depends to a large extent upon the
quality of the questions used. There will be considerable difference in
the type of question included depending upon whether schedules in
the hands of agents or mail questionnaires are employed. Agents can
generally secure replies to questions which are more involved and more
personal than those on mail questionnaires. In spite of this difference,
the two types of lists of questions can best be discussed together with
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separate explanations of the points that refer to one and not the other.
There are four things to be considered in preparing a schedule or
questionnaire: (1) content, (2) wording of the questions, (3) defini-
tions, and (4) form.

Content.—In outlining the content of a schedule or questionnaire,
the guiding principle is unity. The questions must be determined in
terms of the objective of the investigation. Only those questions
should be included which contribute directly or collaterally to the
objective. Further, the questions must be so planned that the replies
can be tabulated to yield answers to the questions proposed at the
outset of the study. This requires that careful consideration be given
to the ultimate goal of the mvestlgatlon

The object of a WPA project in an eastern city was to study the
extent of the repair and modernization work which might be antici-
pated in the city under Title I of the Federal Housing Act of 1934.
The schedule of questions in Figure 2 was prepared for the study. For
multiple family dwellings a schedule was to be filed for each dwelling
unit in the building.

FIGURE 2
SCHEDULE USED IN A REAL ESTATE SURVEY

How many occupants? __.............
How many rooms? ... ..
Basement? ...

Stories? ...

Single or double garage? ... ... ..
Electric refrigerator?
Rent? ...
When was house built?
9. Owner or renter? ...

10. How long has occupant lived in house?
11. Automobile?

NN AP

13. How long to go to work? ... ... ..
14. How many in family are working?
15. What kind of heat? ...
16. Fuel used? ...............
17. Single or double house? ...
18. Is house in good condition?
19. Who pays water rent? ... .

If questions 5 and 11 disclosed the fact that the family had an automo-

bile and no garage, or a single garage and two automobiles, presumably
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that family could be interested in garage construction. If question 15
showed that the house had no central heating system or had an anti-
quated system, perhaps the family would be interested in improved
heating installation. If the answer to question 18 was a simple nega-
tive, further investigation of the house would be necessary in order
to determine whether the deficiency was lack of paint, a rotting porch,
a leaking roof, defective plumbing, or other needed repairs. Whatever
the deficiency turned out to be, the family could presumably be inter-
ested in remedying it.

Some of the questions such as 6, 12, 13, 14, 16, and 19 are difficult
to justify in this schedule; therefore in the revised form, Figure 3,
they have been omitted. The proposed revision is designed to give
more information concerning the repairs and modernization needed
and to facilitate collection and tabulation. Agents using the revised
schedule could save much time and effort because they would not be
forced to ask any irrelevant questions and a better impression would
be made on the informant.

FIGURE 3
PrOPOSED REVISION OF REAL ESTATE SCHEDULE, FIGURE 2
House
(1) Address -
(2) Stories: 1 2 3 4 B A (3) Single........ Double......... Other ........
(4) Year built ... (5) Garage: 0 1 2 3 or more
DWELLING UNIT
(6) FloOf weeeeeneeeaaennane (7) Years lived in by present occupant ..................
(8) Owner........ Renter ...___.. (9) Monthly rent ........cccoo..
(10) No. of rooms bath __.. (11) No. of occupants ........
(12) No. of automobiles owned ................
(13) Heating equipment—central heat: Yes........ No ..o
(14) Hot air........ steam ........ hot water ........
(15) Any repairs needed: Yes........ NO ...t
REPAIRS NEEDED
(16) House: (17) Dwelling unit:
Paint Electric wiring
Porch Plumbing
Roof Heating system
Sidewalk Other
Driveway
Garage

Other
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Wording of the Questions—When schedules in the hands of agents
are used as in the real estate survey of the preceding section, it is not
necessary to word questions in so much detail as in a mail question-
naire. Since the agents are already familiar with the meaning of each
question and the definition of terms, the abbreviated form used in
Figure 3 is better than the sentence form of questions in Figure 2.
It is easier for the agent to check the answer wherever possible than
to write several words, and the uniform marking greatly facilitates
tabulation. Where there may be a variety of answers a space is left
for writing. For example, the answer to number 6 would be “whole
house” for a single family dwelling.

The wording of a mail questionnaire is analogous to the agent's
conversation with the informants. Since the questionnaire must be
filled out by the respondent himself, the questions must be complete
sentences and must make their own appeal. Certain practices in word-
ing questions have been found so effective as to have almost the force
of rules.

The wording must be clear to the respondent: Each question should
contain but one idea. It must be stated as simply as possible so that
there can be no doubt in the mind of the respondent what is wanted.
Care should be exercised also to avoid the possibility of an ambiguous
answer. For example, the following questions and answers are taken
from an investigation made some years ago of the status of the Negro
in industry.

. Common labor
In what jobs are both Negroes and whites employed?

Common labor

In what jobs are only Negroes employed?

. . Foremen and Mechanics
In what jobs are only whites employed?

These questions appear to be simple and straightforward. The inves-
tigator felt that there could be no doubt that they would be clear to
employers to whom the questionnaire was sent. Yet impossible answers
such as those recorded for questions 1 and 2 were received in a large
number of the replies. Apparently the person filling out the ques-
tionnaire disregarded the word “only” in the second question. The
maker of a questionnaire cannot expect that respondents will read
questions as discriminatingly as was required in this case.
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The work of the respondent must be kept to a minimam: There are
several things to consider in complying with this rule. The use of a few
easily answered questions in a questionnaire will increase the per cent
of replies. If the answers can be given in a few minutes, the respon-
dent is likely to fill them in immediately, whereas a list requiring more
time may be laid aside and never picked up again. The number of
replies is increased by the use of questions answered by “yes” or “no,”
or with easily obtained numerical answers or with a list of colors,
qualities, places, etc., from which the respondent can check or under-
score the applicable ones,

The respondent should not be asked to make computations. Hence
the question, “What is your annual remuneration?” is not a good one
to ask a laborer for two reasons. (1) Not only is the word “remunera-
tion” foreign to his vocabulary, but (2) he may be unable to state his
earnings except by the day or week.' Requests for past information
should be avoided if possible. The United States Department of Agri-
culture was not likely to obtain much usable information from the
following request sent to farmers September 15, 1930:

1929 1928 1927 1926
1. Acres sown to wheat in the summer or
fall of each year...................

1930 1929 1928 1927

2. Acres sown to wheat in the spring of
eachyear ..........coiviviiiinann.

3. Acres of wheat harvested in the sum-
mer of each year..........co0uuu.

11. Actual cost of storing in local station
elevator, per bushel, per month in each
LY S

Make sure that no unnecessary repetition of information is re-
quested. Two adverse results arise from failure to heed this warning:
(1) The duplication adds to the length of the questionnaire and may
be the cause of its being discarded. (2) The impression in the mind
of the respondent created by the duplication is likely to be hostile to
the point of causing him to discard the questionnaire.! Examples of
repetitious and overlapping questions are found in the following list
selected from a questionnaire sent to state hospitals by a social agency:

6. To what extent does overcrowding express itself in unsuitable sleeping
quarters?
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