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Preface

The third edition of Statistics maintains the same objectives as the earlier editions,
namely to introduce students to the basic concepts of statistics and to show them
how these concepts can be used in making inferences from experimental data and
from sample surveys. The text is designed so that the early chapters can be used for
a one-quarter (or a one-semester) introductory course for all undergraduates. The
remainder of the text can be used as a second-quarter (semester) follow-up course,
with emphasis on special applications such as analysis of variance, regression
analysis, or one of the other methodologies included in the later chapters. As in the
second edition, we have maintained a unified approach to the subject, attempting
both to provide an overall picture of statistics and its role in business and the
sciences, and to provide the student with some methodology that will be relevant
and useful in other college courses and in subsequent fields of employment. We
have also maintained the same level of presentation in this edition.

In addition to making important changes in wording that improve the readability of
the text, the following major changes have been made:

Chapter 2: Methods for Describing Sets of Data Two new sections have
been added to this chapter. Section 2.2 explains how to construct and interpret stem
and leaf displays. The data sets used to illustrate the methods of constructing stem
and leaf displays and histograms are based on real data selected from newspa-
pers and scientific journals. Section 2.8 explains how to use z-scores and box plots to
identify outliers. Then this concept is used to introduce the notion of a rare event and
a brief introduction to statistical inference in Section 2.9.

Chapter 5: Continuous Random Variables In the second edition, all the
examples in Section 5.2 were concerned with finding areas under the normal curve
between two values of the standard normal random variable z or two values of a
normal random variable x. We have added an example that deals with the reverse
problem, finding a value z, corresponding to an area under the normal curve.

Chapter 6: Sampling Distributions |n Section 6.2, we have added a defi-
nition for a point estimator.

Chapter 7: Estimation and Tests of Hypotheses: Single Sample This
edition attempts to provide a better explanation of the role of the Type | and Type I
errors in testing hypotheses. The new Case Study 7.2 explains the role of hypothesis
testing in the formulation of computer security systems. The relevance of Type | and
Type Il errors is explained in terms of the probabilities of rejecting authorized users
and accepting unauthorized users. In addition, new Example 7.3 provides a second
example of the computation of the probability 8 of making a Type Il error.



PREFACE

Chapter 9: Analysis of Variance: Comparing More Than Two
Means This chapter has been greatly expanded by adding two new sections,
many new examples, and corresponding exercises. New Section 9.3 explains how to
perform an analysis of variance for a two-factor factorial experiment. Particular stress
is placed on the importance of detecting factor interactions. New Section 9.4 pre-
sents Tukey's method for making multiple comparisons about a set of population
means.

Applications Particular effort was made to add exercises that are based on
real-life situations, data sets, and/or research results reported by the news media or
in research journals. A total of 184 new conceptual exercises of this type have been
added in this edition.

Case Studies Eight new case studies have been added in this edition to place
greater emphasis on the relevance of statistics to problem solving in the real world.

The third edition of Statistics still retains the most important features of the second
edition. The material is presented in a manner that permits flexibility in the amount of
time devoted to particular topics. Sections that are not prerequisite to succeeding
sections and chapters are marked “(Optional).” We have included several features in
this book that will make it different from most introductory statistics texts currently
available. These features, which assist the student in achieving an overview of
statistics and an understanding of its relevance in the solution of real problems, are
as follows:

Case Studies (See the list of 30 case studies on page xvii.) Many important
concepts are emphasized by the inclusion of case studies, which consist of brief
summaries of actual applications of statistical concepts and are often drawn directly
from the research literature. These case studies allow the student to see applications
of important statistical concepts immediately after their introduction. The case stud-
ies also help to answer by example the often-asked questions, “Why should | study
statistics? Of what relevance is statistics to my program?” Finally, the case studies
constantly remind the student that each concept is related to the dominant theme—
statistical inference.

The Use of Examples as a Teaching Device We have introduced and
illustrated almost all new ideas by examples. Our belief is that most students will
better understand definitions, generalizations, and abstractions after seeing an ap-
plication. In most sections, an introductory example is followed by a general dis-
cussion of the procedures and techniques, and then a second example is presented
to solidify the understanding of the concepts.

A Simple, Clear Style We have tried to achieve a simple and clear writing
style. Subjects that are tangential to our objective have been avoided, even though
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some may be of academic interest to those well-versed in statistics. We have not
taken an encyclopedic approach in the presentation of material.

Many Exercises—Labeled by Type The text has a large number (almost
1,200) of exercises illustrating applications in almost all areas of research. However,
we believe that many students have trouble learning the mechanics of statistical
techniques when problems are all couched in terms of realistic applications—the
concept becomes lost in the words. Thus, the exercises at the ends of all sections
are divided into two parts:

1. Learning the mechanics These exercises are intended to be straight-
forward applications of the new concepts. They are introduced in a few words
and are unhampered by a barrage of background information designed to make
them “practical,” but which often detracts from instructional objectives. Thus, with
a minimum of labor, the student can recheck his or her ability to comprehend a
concept or a definition.

2. Rpplying the concepts The mechanical exercises described above are
followed by realistic exercises that allow the student to see applications of statis-
tics across a broad spectrum. Once the mechanics are mastered, these ex-
ercises develop the student’s skills at comprehending realistic problems that
describe situations to which the techniques may be applied.

On Your Own . . . FEach chapter ends with an exercise entitled “On Your
Own. .. .” The intent of this exercise is to give the student some hands-on experi-
ence with an application of the statistical concepts introduced in the chapter. In most
cases, the student is required to collect, analyze, and interpret data relating to some
real application.

A Choice in Level of Coverage of Probability One of the most trouble-
some aspects of an introductory statistics course is the study of probability. Prob-
ability is troublesome for instructors because they must decide on the level of
presentation, and it is troublesome for students because they (often) find it difficult at
any level. We believe that one cause for these problems is the mixture of probability
and counting rules that occurs in most introductory texts. We have included the
counting rules in a separate and optional section at the end of the chapter on
probability. In addition, all exercises that require the use of counting rules are
marked with an asterisk (*) to indicate this. Thus, the instructor can control the level
of coverage of probability.

A word should be added about the length of the probability chapter. Although
more space is devoted to probability than in many introductory texts, there are three
simple explanations for this: more examples, more exercises, and the optional count-
ing rule section mentioned above. We have included the usual die and coin exam-
ples to introduce concepts, but we also work many practical examples so that the
connection between probability and statistics is clearly made. This same pattern is
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followed in the exercise sections. Thus, the 31 examples and 101 exercises account
for the length of the chapter. We trust that these will make this troublesome subject
easier to learn and to teach.

Where We've Been . . . Where We're Going . . . The first page of each
chapter is a “unification” page. Our purpose is to allow the student to see how the
chapter fits into the scheme of statistical inference. First, we briefly show how the
material presented in previous chapters helps us to achieve our goal (Where we've
been). Then, we indicate what the next chapter (or chapters) contributes to the
overall objective (Where we're going). This feature allows us to point out that we are
constructing the foundation block by block, with each chapter an important com-
ponent in the structure of statistical inference. Furthermore, this feature provides a
series of brief resumés of the material covered as well as glimpses of future topics.

Chapter Table of Contents Preceding each chapter is a chapter table of
contents. This enables the student to see the sequence of topics to be covered in the
chapter.

An Extensive Coverage of Multiple Regression Analysis and Model
Building This topic represents one of the most useful statistical tools for the
solution of applied problems. Although an entire text could be devoted to regression
modeling, we feel that we have presented a coverage that is understandable,
usable, and much more comprehensive than the presentations in other introductory
statistics texts. We devote three chapters to discussing the major types of inferences
that can be derived from a regression analysis, showing how these results appear in
computer printouts and, most important, selecting multiple regression models to be
used in an analysis. Thus, the instructor has the choice of a one-chapter coverze of
simple regression, a two-chapter treatment of simple and multiple regressior, or a
complete three-chapter coverage of simple regression, multiple regression, and
model building. This extensive coverage of such useful statistical tools will provide
added evidence to the student of the relevance of statistics to the solution of applied
problems.

Footnotes Although the text is designed for students with a noncalculus back-
ground, footnotes explain the role of calculus in various derivations. Footnotes are
also used to inform the student about some of the theory underlying certain results.
The footnotes allow additional flexibility in the mathematical and theoretical level at
which the material is presented.

Supplementary Materials A study guide, a solutions manual, and a 3,000
item test bank are available,

We have organized the text in what we believe is a logical sequence. For example,
rather than place analysis of variance and nonparametric statistics at the end of the
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book, we have placed them immediately following the chapters on making infer-
ences about one and two populations. The analysis of variance extends these

NONPARAMETRIC | CHI SQUARE AND

STATISTICS: CONTINGENCY TABLES: REGRESSION; MODEL
Chapter 10 n Chapter 11 | BUILDING:

methods to k populations, and nonparametric statistics gives procedures for making
the inferences when the assumptions necessary for parametric methods are in
doubt. The three regression and model building chapters, which we consider an
essential and unique component, are the final three chapters, because regres-
sion represents a greater change in direction than the other inference-making
techniques.

Because many introductory courses in statistics are of one-term duration, we show
several possible sequences of coverage in the diagram below:
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CHAPTER 1

What Is Statistics?

Where We’re Going . ..

Statistics? Is it a field of study, a group of numbers that summarize the
state of our national economy, the performance of a football team, the
social conditions in a particular locale, or, as the title of a popular book
(Tanur et al., 1978) suggests, “a guide to the unknown"? We will attempt
to answer this question in Chapter 1. Throughout the remainder of the
text, we will show you how statistics can be used to interpret experi-
mental and sample survey data. Since many jobs in government, in-
dustry, medicine, and other fields require this facility, you will see how
statistics can be beneficial to you.
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Physical Characteristics of the Beer?
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Statistics:
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“Women's Work”

Is Done by Men

Case Study 1.2
An Experiment:
Investigating an

Effect of Smoking

During Pregnancy

CHAPTER 1 WHAT IS STATISTICS?

What does statistics mean to you? Does it bring to mind batting averages, Gallup polls,
unemployment figures, numerical distortions of facts (lying with statistics!), or simply a
college requirement you have to complete? We hope to convince you that statistics is
a meaningful, useful science with a broad, almost limitless scope of application to busi-
ness, government, and the sciences. We also want to show that statistics lie only when
they are misapplied. Finally, our objective is to paint a unified picture of statistics to
leave you with the impression that your time was well spent studying a subject that will
prove useful to you in many ways.

Statistics means “numerical descriptions” to most people. Monthly unemployment
figures, the failure rate of a particular type of steel-belted automobile tire, and the pro-
portion of women who favor the Equal Rights Amendment all represent statistical de-
scriptions of large sets of data collected on some phenomenon. Most often the purpose
of calculating these numbers goes beyond the description of the set of data. Frequently,
the data are regarded as a sample selected from some larger set of data. For example,
a sampling of unpaid accounts for a large merchandiser would allow you to calculate
an estimate of the average value of unpaid accounts. This estimate could be used as an
audit check on the total value of all unpaid accounts held by the merchandiser. So,
the applications of statistics can be divided into two broad areas: (1) describing large
masses of data and (2) drawing conclusions (making estimates, decisions, predictions,
etc.) about some set of data based on sampling. Let us examine some case studies
that illustrate applications of statistics.

The 1980 February/March issue of Public Opinion describes the results of a survey of
several hundred married men from each of nine countries who responded to the fol-
lowing question:

In the following list, which household jobs would you say it would be reasonable that the man
would often take over from his wife: washing up (doing dishes), changing baby's napkin (diaper),
cleaning house, ironing, organizing meal, staying at home with sick child, shopping, none of
these?

The graphs in Figure 1.1 provide an effective summary of the thousands of opinions
obtained and allow for an easy comparison of attitudes across countries. The area of
statistics concerned with the summarization and description of data is called descrip-
tive statistics.

In an article in the Journal of the American Medical Association, M. Sexton and J. R.
Hebel (1984) report on their research into the effects of maternal smoking on the birth
weight of babies. Their experiment randomly assigned 935 pregnant women smokers
into two groups: One continued smoking throughout pregnancy and the other, the con-
trol group, received smoking intervention (i.e., assistance to reduce to eliminate smok-
ing). From the measured baby weights of these two groups of women, Sexton and Hebel
inferred that “some fetal growth retardation can be overcome by the provision of anti-
smoking assistance to pregnant women.”



