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The fourth edition of Statistics finds the teaching of statistics in the midst of a
number of significant changes. The availability of microcomputers with a wide
range of statistical software has dramatically affected the amount of time we spend
teaching computational formulas. The use of statistical quality control in Amer-
ican industry is perhaps the fastest-growing application of statistics in any area.
Academic professional organizations are paying increased attention to the content
of statistics courses, and the philosophy and manner in which they are taught.
The American Statistical Association’s Section on Statistical Education plays an
increasingly important role in the development and enhancement of materials
and techniques for teaching statistics.

In light of these and other developments, we have decided that the time has
come to acknowledge that the text we wrote 10 years ago is not the same one
we would write today. For example, 10 years ago the calculator had taken the
“arithmetic” out of analysis of variance, but not the formulas. The computer
gives us an additional option: We can use precious time teaching the interpretation
of ANOVA results rather than cookbook formulas that produce those results.
This fourth edition exercises that option (and many others like it).

Before detailing the specifics of the fourth edition, we stress that the underlying
philosophy of the text is unchanged, despite the many new features and additional
options. Our original intent was to write a text for the students that stressed
inference making. If anything, the rapid evolution of applied statistics is making
that easier to accomplish.

1. Using the Computer. A new feature has been added at the end of most
chapters to encourage the use of computers in the analysis of real data. A
demographic data base, consisting of 1,000 observations on 15 variables, has
been described in Appendix C and is available on diskette from the publisher.
Most chapters include a suggested computer application, “Using the Com-
puter . . .,” that provides one or more computer exercises that utilize the data
in Appendix C and enhance the new material covered in the chapter.

2. Exploratory Data Analysis. The computer permits the analyst to look at the
data from every angle in order to extract all the information they have to offer.
The use of microcomputer packages to generate stem and leaf displays, box
plots, and the more traditional histograms is introduced in Chapter 2, and
utilized throughout the text. We are careful to delineate the difference between
descriptive and inferential statistics, and the student is constantly reminded
of the necessity to consider the reliability of any statistical procedure used.

3. Computers in Regression and Residual Analysis. Ten years ago we set out
to include the most complete treatment of regression analysis on the market,
because we believed that modeling was one of the most important applications
of statistics. Our view has not changed, and the computer has enabled aspects
of modeling to be realized that were only theoretical constructs when we wrote
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the original text. In keeping with our goal of a thorough, modern treatment
of regression analysis, the fourth edition introduces computer printouts in the
simple linear regression chapter, adds significantly to the number of examples
and exercises that use the computer for regression analyses, and incorporates
residual analyses into the model-building process. Although our first three
editions made substantial use of the computer in the treatment of regression
modeling, this edition adds significantly to that base. Microcomputer printouts
are included, more exercises show printouts instead of requiring the student
to perform the calculations, and more exercises with real data requiring the
student to use the computer have been added. In addition, Chapter 12 contains
a new section showing how to use the computer to perform residual analyses,
and, more importantly, how to integrate them into the model-building process.

4. Tests of Hypotheses. Much current debate centers on how and what, if

5.

anything, to teach about testing hypotheses. Our view is that a modern text
must present the subject, because much research continues to make use of
statistical testing procedures. In this fourth edition, we have expanded the
explanatory material about testing, including a new (optional) section on the
computation of Type II error probabilities (8) and on the power of tests. We
have also added exercises that require the student to confront the issue of
which inferential procedure—testing or confidence intervals—provides more
information about a parameter. Thus, the fourth edition offers an option as to
the depth of treatment the instructor selects for testing hypotheses, while at
the same time encouraging the student to contrast and to evaluate the statistical
procedures employed.

Normal Distribution and Sampling Distributions. The normal distribution
remains the cornerstone of applied statistics. Although robustness rightfully
receives increased attention, the Central Limit Theorem ensures the continued
importance of the normal distribution. We have added more explanatory exam-
ples to the use of the normal distribution in Chapter 5, and we have replaced
the more difficult two-sample material in the sampling distribution chapter
(Chapter 6) with an expanded treatment of the one-sample case, including
more computer simulations of sampling distributions and an introduction to
the sampling distribution of the sample proportion for a binomial random
variable.

Analysis of Variance. The fourth edition adopts a computerized rather than
a “cookbook” approach to ANOVA. All calculation formulas are relegated to
Appendix B, and the emphasis is changed to the understanding and interpre-
tation of designed experiments. The terminology of designed experiments is
defined and utilized throughout the chapter, with constant reinforcement
by example. Computer printouts are presented for each type of analysis cov-
ered, with space that was formerly occupied by tedious calculations now
devoted to interpretation of the statistical results produced by the software.
The Bonferroni multiple comparisons procedure is introduced early and is
utilized during each analysis, where it would naturally occur, rather than in
a separate section at the end of the chapter.
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7. Quality Control. Numerous case studies, examples, and exercises that focus
on statistical quality control applications have been added throughout the text.
Since the application of statistical ideas to quality control has become so
pervasive, we decided that the subject needed to be stressed throughout, as
the relevant statistical concepts are covered, rather than concentrated in a few
pages or chapter devoted to the subject.

8. Determination of Sample Size. To accompany our increased emphasis on
designed experiments, we have included separate sections for determining the
sample size for estimating a population mean and a binomial probability.
Sample size formulas in terms of both the bound on the error of estimation
and the total width of the confidence interval are provided.

9. Normal Approximation to Binomial Probabilities. ~The rationale behind and
the conditions under which the normal distribution can be used for approx-
imating binomial probabilities are significantly expanded in Chapter 5.
Real Applications of Statistics. From the start we have attempted to include
many examples and exercises that draw on the extensive (and growing) lit-
erature containing real applications of statistics. The fourth edition adds to
and updates the many examples, exercises, and case studies that represent
applications of statistics to real problems. It should be noted, however, that
constructed exercises and examples often better serve our pedagogic objectives,
and we therefore continue to make use of them where appropriate.

10

In spite of the fact that we consider the fourth edition a major revision, the
flexibility of past editions is maintained. Sections that are not prerequisite to
succeeding sections and chapters are marked “(Optional).” For example, an
instructor who wishes to devote significant time to exploratory data analysis
might cover all topics in Chapter 2. In contrast, an instructor who wishes to
move rapidly into inferential procedures might omit the optional section on box
plots and devote only several lectures to this chapter.

We have maintained the features of this text that we believe make it unique
among introductory statistics texts. These features, which assist the student in
achieving an overview of statistics and an understanding of its relevance in the
sciences, business, and everyday life, are as follows:

1. Case Studies. (See the list of case studies on page xix.) 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 studies also help to answer by example the often-asked
questions, “Why should I 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.

2. The Use of Examples as a Teaching Device. We have introduced and illus-
trated almost all new ideas by examples. Our belief is that most students will
better understand definitions, generalizations, and abstractions after seeing an
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3.

application. In most sections, an introductory example is followed by a general

discussion 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 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:

a. Learning the Mechanics. These exercises are intended to be straightfor-
ward 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 objec-
tives. Thus, with a minimum of labor, the student can recheck his or her
ability to comprehend a concept or a definition.

b. Applying the Concepts. The mechanical exercises described above are
followed by realistic exercises that allow the student to see applications of
statistics across a broad spectrum. Once the mechanics are mastered, these
exercises develop the student’s skills at comprehending realistic problems
that describe situations to which the techniques may be applied.

On Your Own ... Each chapter ends with an exercise entitled “On Your

Own . ..."” The intent of this exercise is to give the student some hands-on

experience 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 troublesome

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 counting rule section mentioned above. We have included
the usual die and coin examples to introduce concepts, but we also work many
practical examples so that the connection between probability and statistics is

A
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clearly made. This same pattern is followed in the exercise sections. Thus, the
34 examples and 121 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 chap-
ter 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 component 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.

An Extensive Coverage of Multiple Regression Analysis and Model Build-

ing. 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 under-
standable, 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, show-
ing 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 coverage of simple regression, a

two-chapter treatment of simple and multiple regression, 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

background, footnotes explain the role of calculus in various derivations.

Footnotes are also used to inform the student about some of the theory under-

lying certain results. The footnotes allow additional flexibility in the mathe-

matical and theoretical level at which the material is presented.

Supplementary Material. A solutions manual, a study guide, a Minitab sup-

plement, an integrated companion software system, a computer-generated test

system, and a 1,000-observation demographic data base are available.

a. Solutions Manual (by Nancy Shafer). The solutions manual presents the
solutions to most odd-numbered exercises in the text. Many points are
clarified and expanded to provide maximum insight into and benefit from
each exercise.

b. Study Guide (by Susan L. Reiland). For each chapter, the study guide
includes (1) a brief summary that highlights the concepts and terms intro-
duced in the textbook; (2) section-by-section examples with detailed solu-
tions; and (3) exercises (with answers provided at the end of the study
guide) that allow the student to check mastery of the material in each section.
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¢. Minitab Supplement (by David D. Krueger and Ruth K. Meyer). The

Minitab computer supplement was developed to be used with Minitab
Release 5.1, a general-purpose statistical computing system. The supple-
ment, which was written especially for the student with no previous expe-
rience with computers, provides step-by-step descriptions of how to use
Minitab effectively as an aid in data analysis. Each chapter begins with a
list of new commands introduced in the chapter. Brief examples are then
given to explain new commands, followed by examples from the text illus-
trating the new and previously learned commands. Where appropriate, sim-
ulation examples are included. Exercises, many of which are drawn from
the text, conclude each chapter.

A special feature of the supplement is a chapter describing a survey
sampling project. The objectives of the project are to illustrate the evaluation
of a questionnaire, provide a review of statistical techniques, and illustrate
the use of Minitab for questionnaire evaluation.

d. DellenStat (by Michael Conlon). DellenStat is an integrated statistics

package consisting of a workbook and an IBM PC floppy diskette with
software and example sets of data. The system contains a file creation and
management facility, a statistics facility, and a presentation facility. The
software is menu-driven and has an extensive help facility. It is completely
compatible with the text.

The DellenStat workbook describes the operation of the software and
uses examples from the text. After an introductory chapter for new computer
users, the remaining chapters follow the outline of the text. Additional
chapters show how to create new sets of data. Technical appendices cover
material for advanced users and programmers.

DellenStat runs on any IBM PC or close compatible with at [east 256K
of memory and at least one floppy disk drive.

e. DellenTest. This unique computer-generated random test system is avail-

f.

able to instructors without cost. Utilizing an IBM PC computer and a number
of commonly used dot-matrix printers, the system will generate an almost
unlimited number of quizzes, chapter tests, final examinations, and drill
exercises. At the same time, the system produces an answer key and student
worksheet with an answer column that exactly matches the column on the
answer key.
Data Base. A demographic data set was assembled based on a systematic
random sample of 1,000 U.S. zip codes. Demographic data for each zip code
area selected were supplied by CACI, an international demographic and
market information firm. Fifteen demographic measurements (including
population, number of households, median age, median household income,
variables related to the cost of housing, educational levels, the work force,
and purchasing potential indexes based on the Bureau of the Census Con-
sumer Expenditure Surveys) are presented for each zip code area.

Some of the data are referenced in the “Using the Computer” sections.
The objectives are to enable the student to analyze real data in a relatively
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large sample using the computer, and to gain experience using the statistical
techniques and concepts on real data.

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 book, we have placed them immediately following the chapters
on making inferences about one and two populations. The analysis of variance
extends these methods to p populations, and nonparametric statistics gives
procedures for making the inferences when the assumptions necessary for para-
metric 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 regression 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:

Chapters 1-8 | « CORE: Coverage can
be greatly varied by
inclusion of optional
sections on probability
distributions and/or
mathematical footnotes.

(l/'/
Q} .
%

ANOVA:
Chapter 9

NONPARAMETRIC CHI-SQUARE AND SIMPLE AND MULTIPLE
STATISTICS: CONTINGENCY TABLES: REGRESSION; MODEL
Chapter 10 Chapter 11 BUILDING:

Chapters 1214
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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 statis-
tics can be used to interpret experimental and sample survey data.
Since many jobs in government, industry, medicine, and other
fields require this facility, you will see how statistics can be benefi-
cial to you.
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