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Preface

A note to the instructor

IN MANY DISCIPLINES, including business and economics, there is an increas-
ing awareness of the need to understand basic statistical methods for success-
ful careers in industry, government, and in self-employed positions. With
the development and widespread use of computers today, the accumulation
and analysis of data for the purposes of decision making is, for many enter-
prises, among a set of standard operating procedures. While only a few
individuals in an organization may be directly involved with the accumula-
tion, dissemination, and statistical analysis of data, many others must be able
to interpret the analyses for use in making decisions.

Because of the widespread coverage of statistical methods in nonmathe-
matics curricula, it is no longer possible or, indeed, proper to assume that
individuals taking the typical introductory statistics courses are well-trained
mathematically. The demand for statistical training has increased so dramatic-
ally in the last few years and has affected so many disciplines that most
courses cannot require more than a knowledge of algebra on the part of the
student. We believe the modest mathematics prerequisites to be not only a
pragmatic necessity, but also appropriate for the needs of the majority of
students. Most students simply do not need the level of knowledge that would
enable them to pursue training for a career in statistics. Rather, they need to
be exposed to the fundamental ideas of statistical analysis in a competent,
but mathematically nonrigorous, fashion. This is the spirit of this text.
Among our goals is to motivate students by suggesting the potential im-
portance statistical analysis has in pursuing successful careers. Further, we
have emphasized the development of the logic of statistical methods in a
thoroughly competent way without resorting to mathematical derivations or
proofs in writing this text. We firmly believe that the extensive use of ex-
amples, the careful discussion of assumptions, and the proper interpretation
of results can competently and effectively replace a mathematically rigorous
development of introductory statistical methods. While a knowledge of
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calculus is not required for the study of this text, we have on occasion noted
the ideas of the derivative and the integral to emphasize key points. An
example is the delineation of the connection between the summing process
for discrete values and the integrating process for a continuum of values.
For those students with a calculus background, the learning experience will,
we hope, be somewhat enhanced by our treatment, Those students without
calculus training are, however, placed at no disadvantage in learning the
material involved. We will leave the training of statisticians to mathematics
and statistics departments!

The text is designed to be quite flexible. A typical one-semester course
would cover Chapters 1-10, the core of classical statistical inference, and
perhaps two or three additional chapters which may be selected to satisfy
specific course objectives. The chart below indicates the interdependence of
chapters. In a two-semester course, we suggest Chapters 1—10, the linear
models chapters (13, 14, 18, 20, 21) and a selection of two or three addi-

Chapters 1-10

Additional Linear Index
classical models Nonparametric Bayesian numbers

l l I 1

11 13 15 16 19

1 l
12 14 22 17

T
18

T
20

21

tional chapters. We have included what we feel are the most important special
methods in this text. Nonparametric statistics (Chapter 22) is increasingly
important in business and social sciences applications of statistics where, all
too often, the data will not support the appropriate classical statistics method
assumptions. Forecasting (Chapter 21) also has become an increasingly used
statistical tool in recent years. Most financial and economic institutions
depend heavily on the accuracy of forecasts for their success. Bayesian
statistics (Chapters 16 and 17) is finding an important place in business
applications of statistics, where prior information relevant to a current
problem is on hand and must be revised when additional information
becomes available.
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An Instructor’s Manual is available which gives complete solutions to all
exercises at the end of the chapters and provides helpful guidance to the
instructor on how to present the text material. Computer programs are
additionally available from the authors to aid the instructor and the student
by removing many of the calculations required to implement a particular
statistical procedure and spend more time on the mastery of the concepts
involved. These programs are FORTRAN based, and an advantage to using
these particular FORTRAN programs is that the output conforms to the
format presented in the text.

A note to the student

The competent interpretation of statistical data and analyses is possible
only with an understanding of basic statistical concepts. A1l research that
involves the collection of data inevitably leads to a statistical analysis of these
data. A well-known research effort that has involved considerable statistical
analysis in recent years is the study conducted under the authority of the
Surgeon General of the United States to assess the effect of smoking on the
health of an individual. While this study has received notoriety because of
various interpretations of the results reported, it is in no way unique in the
sense of using statistical analysis to interpret data. Today, the applications
and reporting of statistical data abound, and we are frequently called upon to
draw our own conclusions based upon an analysis of the reported results. It
is not surprising, therefore, to find that many disciplines have added introduc-
tory statistics courses to their undergraduate curriculums in recent years.

It is the authors’ view that statistics is best learned on first exposure by
presenting an example of the application of the statistical concept im-
mediately after its introduction. This should solidify an understanding of the
statistical concept involved. Accordingly, most discussions of statistical
techniques and concepts are followed by at least one example (with solution)
of an application of the statistical technique discussed. The inclusion of these
example problems and solutions accounts for the text being somewhat
larger in size than several introductory statistics texts with which the student
may be familiar. We feel that this increased size is warranted by the exposure
to actual problem solution. The student is encouraged in reviewing the
material in the text to attempt to solve several of the examples given in the
various chapters and then compare his or her own results with those pre-
sented. This “self-test” feature of the book should provide the student with
rapid feedback on an understanding of the material presented, and should
lessen the time required for a mastery of the concepts involved. We have also
highlighted important definitions, theorems, rules, and so on, and where
possible have provided summary computation formulas at the end of selected
chapters.

To assist the student in doing the exercises at the end of each chapter, we
have provided the answers to selected end-of-chapter problems in the back of
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the text. Consistent with our belief that statistics can be better learned “by
doing,” the student is encouraged to work as many problems given at the end
of each chapter as possible.
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1.1 EXAMPLES OF STATISTICAL PROBLEMS

The word “statistics” conveys a variety of meanings to people, many of
which are inaccurate or, at the very least, misleading. To some, the word
suggests only a plethora of mind-boggling tables, charts, and figures. Other
people consider statistics to be an imposing form of mathematics. The use of
the word certainly had an inauspicious beginning, as might be suspected
from a cursory study of the word, for it was originally a term used to denote a
collection of figures, graphs and the like which contained useful information
for the state (primarily budget information such as taxation figures).

Used in the context of its original meaning, statistics generally refers to
information about an activity or a process that is expressed in numbers listed
in tables or illustrated in figures. But, since its early connotation, statistics
has grown to encompass a larger role than presenting us with charts, graphs,
and tables or figures. In a modern setting, statistics refers to the science of
collecting, presenting, and analyzing numerical data. A statistician is a person
who engages in one or more of the following tasks: (1) the clerical activities
of tabulating, summarizing, and displaying statistical data; (2) analyzing
data by using statistical methods, usually for the purposes of decision
making; or (3) advancing the science of statistics by developing new and
better analysis methods. The levels of expertise required by statisticians
ranges from mastering simple clerical operations with data to advanced
training in applied mathematics, and statisticians are needed at all levels.

The use of statistics has permeated almost every facet of our lives. The
daily newspapers and the televised news reports supply us with numerous
summaries of data such as stock market reports, financial summaries, and
crime statistics—and with the results of statistical analyses—weather fore-
casts, political election outcome predictions, and so on. ‘

Governments, businesses, and individuals collect statistical data re-
quired to carry out their activities efficiently and effectively. The rate at which
statistical data are being collected is staggering and is primarily due to the
realization that better decisions are possible with more information and,
perhaps more importantly, to technological advances that have enabled the
efficient collection and analysis of large bodies of data. The most important
technological advance in this area has, of course, been the development of
the electronic digital computer. Statistical concepts and methods, and the
use of computers in statistical analyses, have affected virtually all disciplines—
physics, engineering, economics, sociology, psychology, business, and
others. In business and economics, the development and application of
statistical methods have led to greater production efficiency, to better
forecasting techniques, and to better management practices. It is becoming
increasingly apparent that some knowledge of statistics and computers is
essential for careers in economics, business, administration, and many other
fields as well. To gain an appreciation for the breadth of applications of
statistics to business and economic problems in particular, let us consider
five examples.

3
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Example 1.1

Most major city newspapers in the Sunday edition provide a summary of
the New York Stock Exchange transactions during the previous week. For
example, on a particular Sunday, we may find that shares (rounded to the
nearest 100) of IBM (International Business Machines) were traded during
the previous week with a weekly high of 2634 and a low of 252!, (§ per
share). The value of a share at the end of the week is listed as 255% with a
change of 6% from the closing value at the end of the prior week. This
information is portrayed in the newspaper as in the excerpt from a typical
Sunday copy of the Washington Post in Figure 1.1. Since it would be in-
feasible to list the values of all 382,100 shares traded, the weekly high, low,
closing price, and net change stafistics are used to summarize meaningfully
the entire set of transactions. The statistics presented in these tables in the
Sunday newspaper provide important information for investment decisions.

FIGURE 1.1 Excerpt from a summary of weekly N.Y. Stock Exchange transactions

_._1_916_ Volume ____Weekly Weekly Change from
High Low Stock in 100s High Low closing fast week
8% 4% Interct! Div 70 8% 7 8Y +7%
42y, 24 Intrikelne 737 42, 38", 40% +1%
264", 1577, IBM 3821 263Y% 2521, 255% —6%
35Y% 22Y, IntFiavF 1344 25% 23Y 23Y% —-1%
307, 19% IntHarv 2249 28Y, 27y 27 -3

Source: Washington Post, February 29, 1976.

Example 1.2

Annually, the Bureau of the Census publishes the Statistical Abstract of
the United States which contains economic and business data on a variety of
subjects. The data are compiled from the U.S. census of the population
(conducted every 10 years), annual samples drawn from the U.S. population
by the Bureau, surveys conducted by other governmental agencies, and
government supported research projects conducted by private organizations.
In Table 1.1, extracted from the 1975 Statistical Abstract, statistics relating
to the receipts and outlays of the federal government are presented.

Although the sources and functions are listed only by major sources, the
table contains valuable information for business decision making, For
example, the increase in health percentage outlay and decrease in defense
percentage outlay may dictate a company’s future strategies for new product
and services development. The negative percentages recorded as outlays
reflect the failure of the federal budget to balance in recent years.
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TABLE 1.1 Federal budget receipts, by major source, and outlays, by function—
percent distribution: 1960 to 1975 (for years ending June 30)

MAJOR 8OURCE OR FUNCTION 1960 | 1965 | 1968 | 1969 | 1970 | 1971 | 1972 | 1973 | 1974 le:?
Total receipts, by source 100.6 | 100,0 | 100.0 | 100.0 | 100,0 | 100,0 | 100.0 | 100.0 | 100.0
Individual income taxes. ...________ . 41.8 | 44,7 | 465 48.7| 458 | 45.4 | 44.4 | 449 42.2
Corporation income taxes 3 21.8| 187 19.5| 16.9| 14.2| 15.4 | 156 | 14.8 13.8
Bacial ins. taxes and contributions_.| 159 | 19.1 | 22.5 | 21.3| 23.4| 25.8) 25.8| 27.8| 28.9 0.9
Crstoms. saiate, and gift tazes. .- ol 58| 33| 31 1| 34| i%| 38| 32| i
ustoms, estate, an t taxes. ... 3 3.6 . 3 . 3 5 . 5 5
Miscellaneous rﬂ:wptsg.i ............. 1.3 1.4 1.8 1,5 1.8 2.0 1.7 1.7 2.0 2.8
Total outlays, by function. ... 100.0 | 100.0 ) 100,0 | 100,06 | 100.0 | 100.0 | 106,0 | 100.0 | 100.0 | 100.0
National defense__._........._._____ 49.0 | 41.0| 44.4 | 43.5| 40.3) 38.3| 33.4| 30.5| 29.3 7.2
International affairs........ T 3.2 3.5 2.6 2.1 1.8 L5 1.6 1.2 1.3 1.6
ence an -
oy Cionee: space, and tech- 7| 50| 31| 28| 24| 20| 19| 17| 16| 13
ggﬂc lture ............ et 2.8 3.3 2.5 3.1 2.6 2.1 2.3 2.0 B .8
tural resources, environmen:
and energy. e | 20| 25| 20| re| 18| 21| 22| 22| 24| 30
Commerce and trans tlon_..._.| 6.2 5.8 6.0 3.8 4.6 4.9 4.6 4.0 4.9 3.8
Community and reglmad;velo - .5 1.1 1.2 1.4 1.8 1.8 2.0 2.4 1.8 1.6
an soclpnl
Edmnutgg,_ manpower and s 10| 18] 39| 37| 40| 43| 50| 48! 43| 47
Health. . ... ... .8 1.5 5.4 6.4 6.7 7.0 7.5 7.6 8.2 8.5
Income security ..o ocuooioinann.. 10.8| 21,7 18.8| 20.2| 21.9| 2.2 27.5| 20.6 | 315 4.0
Veterans benefits img se“;uvlces ...... 5. 2 4.g 3.2 4 : 4. ; 4.2 4._? 4.8 5.8 gg
enforcement an {7 TR . . . . . . . . . .
l('zi‘::em gwemment..j ............. 1.2 1.2 1.0 .9 1.0 1.0 1.1 1.1 1.2 -8
Remvenume shaﬂmng a:goge-l-lerﬂ-p!l-r_- .2 .2 .2 .2 ] .2 .2 2.9 2.5 2.2
Interest - ... coccecnaaoo 9.0 8.7 7.7 8.5 9.3 9.3 8.9 9.2 ] 10 g lo-g
Undistributed offsetting recelpts__.| —2.7 | ~2.6 | =3.1| —3.0 | —=3.3 | —4¢.0 | —3.5 | —=5.0 | —6. =35,

Source: The Statistical Abstract of the United States, 1975.

Caution should be exercised in utilizing compiled statistics such as those
in Table 1.1. Although the percentage outlay for national defense decreases
during the period from 1960 to 1975, the toral expenditure on defense did
not necessarily decrease. Indeed, the total federal outlays for defense in-
creased from approximately $45 billion to $85 billion during this period.
Thus, while the percentage expended for defense decreased, the total defense
outlay increased from 1960 to 1975.

Example 1.3

In operations management, a primary concern is controlling the quality
of the items being produced. If the product is a transistor radio battery, for
example, we may be concerned with the longevity of the batteries. Suppose it
is desired that at least 95 percent of the batteries last through at least 20
hours of continuous use. The actual percentage of batteries lasting more than
20 hours could be determined by inserting each and every battery produced
into a transistor radio and recording its time to failure, but then there would
be no batteries to sell. Rather, a manager may wisely decide in a day’s
production to pull every 100th battery off the production line, insert the
sampled batteries in electrical test circuits and record their times to failure.
The percentage of these batteries lasting through more than 20 hours of



