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The distinction between a course in elementary statistics and one in
clementary business statistics is principally a difference in emphasis
rather than a difference in the basic theories and procedures which must
be covered. Except for index numbers, time series analysis, and busi-
ness forecasting, the topics discussed in business statistics are likely to
be found in any statistics course at a comparable level of difficulty,
whether intended for medical researchers, biologists, educators, indus-
trial engineers, or any one of the many areas of study in which a knowl-
edge of basic statistics is useful. However, while the theories and
procedures are the same, there is a definite difference in the types of
applications and the sources from which illustrative data are drawn. In
this text, the examples used to develop an understanding of statistical
theory and the problems given at the end of each chapter are drawn
from the world of business and industry rather than from biological or
medical research, education, or other nonbusiness areas.

Every effort has been made to make the text clear and readable by
the student rather than impressive to those who already understand the
material. Mathematical symbols are used where necessary but are
omitted when the concept can be presented verbally with equal clarity
and conciseness. The student who has a reasonable understanding of
algebra will have no difficulty with the text; he should also be able to
extract square roots and use tables of logarithms with reasonable facility.
For students who are lacking in these basic skills, instructions and tables
are provided in Appendixes G and H. The student is expected to assume
responsibility for his own deficiencies and to take the necessary re-
medial action.

Preface



Chapter 2 contains a brief review of set theory and finite mathe-
matics. Students who have already had courses in these areas will find
this chapter easy. It is included here because it is essential that all stu-
dents understand the basic principles and particularly the notation of
finite mathematics. No knowledge of calculus is required to understand
any procedures explained in this text. As usual in elementary texts in
statistics, tables are provided for the area under the normal curve and
any other computations which would require the use of calculus. The
use of these tables is fully explained in the text.

The author makes no claim of originality except in the manner in
which some of the basic procedures are explained. During the past
twenty years, many good texts have been written and many different
explanations have been tried. This book represents an attempt to select
from these books and years of experience those concepts which are
basic to an understanding of statistical methods and those examples and
explanations which have been most satisfactory in teaching a fascinat-
ing but slightly difficult subject.

Statistics is best learned if the student never allows himself to get
behind. For the most part, each chapter makes use of what has been ex-
plained previously. Sporadic study followed by long periods of rest will
not be effective. The student is also warned that practice is essential.
An understanding of the text and the instructor is not enough since they
present material in a logical way and following carefully planned proce-
dures. Independent problem solving allows the student to determine
whether he understands the concept well enough to use it in situations
which are slightly different from the examples given in class. Problems
in the text or problems suggested by the instructor should, therefore, be
used to develop the students’ independence from detailed guidance.
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1-1 Need for Quantitative Analysis

Business management involves a cycle of planning, implem::nting,
controlling, and evaluating the operations of a firm. The shiccess with
which these operations are performe(i depends on the avéilability of
-valid, timely, and relevant information,, Much of the required informa-
tion comes from the analysis and int '}‘etat' n of quantitative data.

The system for collecting and pros es"é ng the data required for
effective decision making is usually madé”dp of a series of interrelated
subsystems. Some of these subsystems are an essential part of the
firm’s normal accounting rout”w@s, while others involve the collection
of external data or the further processing of internal records. Business
statistics is the study of the procedures for collecting, analyzing, and
interpreting quantitative data. These procedures may be applied to
data from outside the firm, data from the internal records, or the results
of surveys, special studies, or experiments conducted by the firm to
obtain data which are not available elsewhere.

As a first step in the development of an information system, the
owners and managers should define the firm’s objectives to provide a
guide for planning and a basis for the evaluation of results. Once the
objectives have been defined, it is possible to determine what the firm
must do well to ensure its success. These critical activities depend
on the services which the firm renders and may include such things as a
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strong dealer or sales organization, effective advertising, ‘successful
research and product development, safety and dependability, or
carefully-controlled production or operating costs. The firm’s informa-
tion requirements depend largely on the activities which are critical to
its success. The data collection and processing procedures, including
statistical analyses, should ensure that adequate information is avail-
able at the time needed, in the amount needed, and to the persons who
must make the decisions. =
Although much of the data requlred for decision making is col-
lected through the normal recording of financial transactions, traditional
accounting reports were not intended for and do not provide sufficient
information for effective management. Early bookkeeping systems were ,
used to record the assets owned, the debts owed, and the equity of the
, proprietors in the firm. The revenues earned and the expenses incurred
were recorded to reflect their effect on the owner equity and to provide
a basis for the distribution of the profit or loss from operations. Over
the past several hundred years, accountants have developed formal and
logical procedures for recording financial transactions. Formerly, most
accounting reports were summaries of historical data required for re-
porting earnings for income tax purposes or for reporting the firm’s
financial position to the owners, creditors, and regulatory agencies. In
recent years, procedures and reports have been developed which have
vastly increased the importance of accounting data in business manage-
ment and control. Among the more important developments are re-
sponsibility accounting for better control of costs, program budgeting
to provide a goal-oriented analysis of costs, and the use of historical
~data in the development of budgets and forecasts, < L
The use of nonaccounting analyses of business data is also in-
creasing rapidly. One of the factors responsible for the increasing impor-
tance of business statistics is the recognition that data not collected by
the accounting division are needed to keep managers in, ;;med of the
economic, social, political, and competitive envmonmenf%n Which the
firm must operate. These external data are required for long-range
planning of product lines, production facilities, and labor and capital
requirements, and to provide a basis for evaluating performance. In
addition, statistical procedures can increase the value of data already
available in the accounting division. For example, sales quotas for
individual salesmen may be established through an analysis of sales
records and the relationship of sales to various indicators of the sales
-potential of each district. Statistical techniques may also be used to
determine the effectiveness of various advertising programs, to esti-
mate the demand for a new product, to analyze seasonal variation in
demand, and to study and forecast long-term trends.
The importance of quantitative analysis in decision making is due
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to a number of factors. Among the more important recent developments
are: (1) the use of the computer to provide analyses which were not
possible or economically feasible using older methods of record keeping
and data processing; (2) the development of management information
systems based on a study of the information requirements for effective
management rather than the traditional accounting reports; (3) the

.development of new mathematical techniques such as linear pro-.

- gramming; (4) the use of mathematical models and simulatio Ao deter-
mine optimal solutions or study the effect of various decision§ on the
firm’s objectives; and (5) the increasing use of statistical procedures to

" study the business environment, to provide a basis for forecasts and
strategiq\\plan/ning, and to obtain additional value from data already
available.” A%,

This text is primarily concerned with statistical procedures for
analysis, summarization, presentation, and interpretation of quantitative
data and the use of the resulting information in decision making, plan-
ning, and control of business operations. The data may be obtained from
the accounting department or other internal records, from outside
sources such as trade associations, competitors, private agencies, or
governmental reports and documents. If the data needed do not exist,
they may have to be collected thr})ugh special studies, observations,
or experiments.

1-2 Importance of Basic Business Statistics

Success in learning and applying business statistics is, to a large extent,
determined by the student’s personal motivation. For this reason, it
seems desirable to explain the kinds of problems which can be solved
once the basic procedures have been mastered.: Lf, A i

Statistics is a fascinatj tguﬁeld of study. It is filled with assumptions
which may or may not be ftue, alternatives which may be ¢orrect but
impracticable or only approximately correct but feasible, Zprocedures
which are based on approximations of unknown parametets, sampling
techniques which may or may not be adequate, and predictions.based
on relationships which may or may not exist. Results o_fte# dve an
appearance of accuracy which may not be wasranted by either the data
or the procedures, and readers are often convinced when they should be
skeptical. There are hundreds of ways in which the results may be
misinterpreted. But, statistics provides a logical, well-planned attack
on the problem of decision making in an uncertain world. Since decisions
and forecasts must be made, it is essential that they be made as ration-
ally as possible and that the approximate confidence in the correctness
of the decision be known or determinable in advance.



1-2 importance of Basic Business Statistics

A study of statistics provides a number of desirable outcomes. - .
Some of these, with examples, are listed in the following paragraphs to

help provide a feeling for what the course is about and to indicate its
relevance to the business world. ey

1.

Business statistics enlarges the student’s vocabulary and improves
his ability to read and understand business literature. For example,
What do the following statements mean:

Retail sales for February were reported in an article at *“‘season-
ally adjusted annual rates.” fhp L
The employees of General Motors have an “escalator clause™ in
their wage agreement to keep their “real wages” from slipping... ‘¢

"“A chi-square test was made to determine whether some charac-

teristic of a company’s product was normally distributed. The null ,

. hypothesis could not be rejected at the .05 level.” Hyo
. Business statistics improves ‘the¢’student’s ability to collect data, to

determine what has been found, and to present findings more
effectively. Businessmen need to know important sources of data,
to understand the preparation of questionnaires and summary tables
and charts, and the use of averages and other devices for numer-
ical description. Y
Business statistics helps provide estlmates of the parameters of a
statistical universe and indicates the reliability of the estimates
made. A firm may want to find the average stre zh of a product to
see if it will meet specifications set by a prosp?ég ive customer, or
to determine the sample size and the decision-making rule which
will minimize the probability of accepting shipments which should
be rejected or rejecting shipments which should be accepted. '
Business statistics explains the theoretical basis and the pro-
cedures of statistical quality control. A production manager must
decide whether a manufacturing process is under control. Statistical
quality control procedures are widely used to maintain product
quality and control the probability of looking for trouble when there
is no trouble or not looking for the cause when there is trouble.
Business statistics makes it possible to compare two products or
processes to determine whether the difference between samples
is great enough to be considered significant; that is, not due to
chance. If a new process or treatment gives better results than the
old process or treatment, is the difference between samples suffi-
ciently large that we may reasonably conclude that the new process
is superior?

Statistical procedures make it possible to determine rel thl’lShlpS
between two or more variables and to make predictions based on
these relationships. For example, it is possible to determine which
variables (such as population, spendable income, refail sales, or
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automobile registrzitif)ns) are most closely related to a company’s
sales, and to use these readily-available data to estimate the sales
potential for each sales district.

7. Business statistics provides an understanding of index numbers.
For example, if employees of Company X had an average weekly
take-home pay of $256.00 per week when the Consumer Price
Index for their city was 112.5, what weekly take-home pay is re-
quired to provide the same buying power if the Consumer Price
Index is now 138.27 If inventory valuations are known for some
point in the fiscal year for each of the past ten years, has the
physical volume of goods in inventory increased or decreased; that
is, how can inventory control procedures be evaluated and what
has been the effect of price level variation on the value of inventory
on hand?

8. Business statistics helps make better forecasts of coming events. A
firm must forecast such things as production, inventory needs,
personnel requirements, working capital requirements, and cash
flow. Statistics provides explicjt and logical procedures for using
past records and the current' économic outlook to arrive at useful
estimates of the immediate and the long-range future. Past records
can be used to find the seasonal pattern in sales or production, and
steps can be taken to reduce the seve?f% of seasonal fluctuation s,
with its accompanying problems of exXc&ssive overtime in peak#**
seasons, layoffs in slack seasons, and less than full utilization of

fixed assets. /i h® 4T,

9. Business statistics helps develop an orderly procedure for using
probability to determine the course of action which has the highest
expected monetary value or the greatest expected utility when
several alternatives are possible.

10. Business statistics improves the use of scarce resources by reducing
the cost of obtaining the information used in making a decision.
Every item tested, every interview obtained, or every piece of data
gathered costs money. It is possible to spend more for data than the
data are worth. Perfect information is seldom available and even
less often necessary. Statistics enables the businessman to deter-
mine the amount of data required to provide any specific reliability
of decision making rules. This eliminates informational overkill, .

which is costly and fruitless. Fol

1-3 Statistics and Mathematics

Statistics is primarily concerned with quantitative data, yet it is not
considered a course in mathematics even though it is often taught by
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mathematicians. Business statistics is primarily concerned with the
application of statistical techniques to business problems. Most in-
troductory business statistics books require little mathematics beyond
that typically expected of high school graduates. This course is con-
sidered among the harder undergraduate business courses, not because
of the difficulty of the mathematics involved but because of the number
of concepts encountered in a single course. w5 % {

This text contains all the mathematics prerequlsne ‘for under-
standing business statistics, with the exception of basic algebra. It
assumes: (1) the ability to work with symbols, (2) the ability to use
simple algebraic equations, (3) the ability to use logarithms with reason-
able skill, and (4) the ability to find the square root of a number. Stu-
dents who cannot handle the latter two techniques must correct these
deficiencies before proceeding to the next chapter. Appendixes G and
H contain instructions and required tables.

1-4 Basic Procegures in Problem Solving

Most statistical invéstigations follow a fairly standard procedure. When
the analyst omits one of the essential steps, he may find that his results
are invalid, unreliable, needlessly expensive, or useless for the problem
at hand. While no two persons would outline the steps in exactly the
same way, a flowchart generally takes the form shown in Figure 1-1.
Since these procedures are essentially the same for any scientific method
of investigation, they are explained without elaborate comment.

The first step is to get the problem clearly in mind. This means that
the researcher must know what the problem is, what decisions are to
be made or what hypotheses are to be tested, the time period to be
covered, the definition and nature of the population to be studied, the
terms in which the data are to be collected and reported, and the limits
of the problem.

The second step is to determine what has already been done in
this area of study. This survey of related studies helps to avoid unnec-
essary repetition, may reveal procedures which have been successfully
used by others, or suggest other procedures, and may provide additional
insights to the problem. After the investigation of related studies, it is
often necessary to revise, restate, or alter the original problem, or it
may even be advisable to abandon the project. It may also be necessary
to prepare cost estimates and obtain approval for expenditure of funds;
approval is ordinarily based on a comparison of expected costs and ex-
pected benefits,

Once the final problems have been clearly defined and delimited,
the third step is to determine exactly what data are necessary to answer
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FIGURE 1-1.

Steps in a Statistical Investigation

——

(From a sample
or census)

1. internal data
a. company records
b. survey
c. experiment

2. external data
a. primary sources
b. secondary sources
c. unpublished data

the questions, make the estimates, or test the hypotheses which have
been defined. Forms for tables, graphs, and statistical summaries, and
procedures for hypothesis testing should be planned before the data are
collected. Students new to statistics sometimes begin a study by pre-
paring a questionnaire and collecting data. They then attempt to see
what decisions can be made on the basis of the “facts” now available.
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This is an ineffective and unscientific approach and often leads to use-
less data.

The fourth step is to collect the data. Typically, one of three situa-
tions exists: (1) the data are available within the firm, (2) the data are
available from some source outside the firm, or (3) the data do not exist
and must be gathered by the analyst. In any case, the data must be col-
lected and tabulated so that they may be understood and interpreted.

After the data have been collected and tabulated, the next step is
to analyze the data. The researcher prepares analytical tables and charts
to discover the meaning of the data and the significant relationships.

The sixth step is to summarize the data. The researcher must
decide on the most effective way to present his findings to others who
may be interested in the study. If unexpected relationships appear,
additional tables may be needed. If the amount of data is not great, the
findings may be presented verbally, but usually a more compact method
of presentation is required. The three principal ways of summarizing
data are: (1) tabular presentation, (2) graphic or pictorial presentation,
and (3) numerical description or characterization.

If the data reflect the results of a sample rather than a complete
enumeration of the population, it may be desirable to make inferences
about the population on the basis of the partial and incomplete data
obtained in the sample. These procedures, which interpret the findings
and provide guidelines for the decision or recommended action are
among the major concerns of business statistics. Chapters 5, 6, 7, and
8 describe procedures for making estimates and inferences or testing
hypotheses, and Chapter 9 describes procedures for making estimates
of one characteristic on the basis of other related and more easily-
measured characteristics. Chapters 10, 11, and 12, respectively, ex-
plain some special techniques in the use of index numbers, time series
analyses, and decision tables in the decision making process.

1-5 Sources of Business Data

Internal Data

A firm’s own records provide the most important source of mapiagement
data. This is especially true if the firm has a management information
system which uses a computer. In this case, the data are recorded at
the level of the lowest unit of information and can be sorted and printed
in almost any conceivable manner. For example, the sales record for
each invoice line item may show the invoice number, name and location
of customer, date, salesman or sales district, item sold, cost, selling
price, terms, and other relevant information. Sales analyses can be made



