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Preface

Purpose

The use of probability models and statistical methods for analyzing data has become
common practice in virtually all scientific disciplines. This book attempts to provide a
comprehensive introduction to those models and methods most likely to be encountered
and used by students in their careers in engineering and the natural sciences. Although
the examples and exercises have been designed with scientists and engineers in mind,
most of the methods covered are basic to statistical analyses in many other disciplines,
so that students of business and the social sciences will also profit from reading the book.

Approach

Students in a statistics course designed to serve other majors may be initially skeptical
of the value and relevance of the subject matter, but my experience is that students can
be turned on to statistics by the use of good examples and exercises that blend their
everyday experiences with their scientific interests. Consequently, I have worked hard to
find examples of real, rather than artificial, data—data that someone thought was worth
collecting and analyzing. Many of the methods presented, especially in the later chapters

- on statistical inference, are illustrated by analyzing data taken from a published source,
and many of the exercises also involve working with such data. Sometimes the reader
may be unfamiliar with the context of a particular problem (as indeed I often was), but I
have found that students are more attracted by real problems with a somewhat strange
context than by patently artificial problems in a familiar setting.

Mathematical Level

The exposition is relatively modest in terms of mathematical development. Substantial
use of the calculus is made only in Chapter 4 and parts of Chapters 5 and 6. In particular,
with the exception of an occasional remark or aside, calculus appears in the inference part
of the book only in the second section of Chapter 6. Matrix algebra is not used at all. Thus
almost all the exposition should be accessible to those whose mathematical background
includes one semester or two quarters of differential and integral calculus.
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Content

Chapter 1 begins with some basic concepts and terminology—population, sample, de-
scriptive and inferential statistics, enumerative versus analytic studies, and so on—and
continues with a survey of important graphical and numerical descriptive methods. A
rather traditional development of probability is given in Chapter 2, followed by prob-
ability distributions of discrete and continuous random variables in Chapters 3 and 4,
respectively. Joint distributions and their properties are discussed in the first part of
Chapter 5. The latter part of this chapter introduces statistics and their sampling dis-
tributions, which form the bridge between probability and inference. The next three
chapters cover point estimation, statistical intervals, and hypothesis testing based on a
single sample. Methods of inference involving two independent samples and paired
data are presented in Chapter 9. The analysis of variance is the subject of Chapters 10
and 11 (single-factor and multifactor, respectively). Regression makes its initial ap-
pearance in Chapter 12 (the simple linear regression model and correlation) and re-
turns for an extensive encore in Chapter 13. The last three chapters develop chi-
squared methods, distribution-free (nonparametric) procedures, and techniques from
statistical quality control.

Helping Students Learn

Although the book’s mathematical level should give most science and engineering stu-
dents little difficulty, working toward an understanding of the concepts and gaining an
appreciation for the logical development of the methodology may sometimes require
substantial effort. To help students gain such an understanding and appreciation, I have
provided numerous exercises ranging in difficulty from many that involve routine ap-
plication of text material to some that ask the reader to extend concepts discussed in the
text to somewhat new situations. There are many more exercises than most instructors
would want to assign during any particular course, but I recommend that students be re-
quired to work a substantial number of them; in a problem-solving discipline, active in-
volvement of this sort is the surest way to identify and close the gaps in understanding
that inevitably arise. Answers to odd-numbered exercises appear in the answer section
at the back of the text. In addition, a Student Solutions Manual, consisting of worked-
out solutions to virtually all the odd-numbered exercises, is available.

New for This Edition
Changes for this Sixth Edition include the following:

¢ Many new examples and exercises are included, based of course mostly on real data.
Some of these involve less structure than typical textbook exercises. For example, an
exercise in Chapter 13 gives a multiple regression data set (which at first blush looks
like a simple linear regression data set, except that information about a categorical
predictor is also included); the student is simply asked to fit several models and draw
appropriate conclusions. An exercise at the end of Chapter 14 includes parts relating
to correlation, ANOVA, a two-sample ¢ analysis, and a chi-squared analysis—with-
out specifically saying so. Emphasis is, generally, not only on the mechanics but also
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on interpretation. For example, in Chapter 1 the student is asked not only to construct
a boxplot, but also to say what it suggests. Some exercises introduce new concepts
or techniques, for example, a half-normal plot in Chapter 4 and autocorrelation for a
time series in Chapter 12.

* An enlarged definition of a hypothesis at the beginning of Chapter 8 includes an
assertion that the population distribution has a particular form (rather than hypothe-
ses being only claims about parameters).

* A more detailed description of pooled  procedures to provide better balance between
unpooled and pooled analyses.

* More information is provided about alternatives to traditional formulas for obtaining
interval estimates of a single proportion and a difference between proportions.

* The section on multiple comparisons in ANOVA has been completely rewritten to
better emphasize the nature of simultaneous confidence level and Tukey’s procedure.

* A discussion of MINITAB®'s power calculations in single-factor ANOVA has been
added.

* There is more emphasis on the nature of variation in the slope estimate in simple
linear regression.

* The LOWESS method for fitting a nonlinear regression function is introduced.

* An alternative interpretation of regression coefficients in multiple regression via
partial residual plots is provided.

* Overall, there has been a tightening and fine-tuning of the exposition wherever ap-
propriate.

* A Student’s Suite CD includes Java™ applets created by Gary McClelland, specifically
for this calculus based text; in addition, the CD will include data sets from the text.

* BCA testing, a test creation and course management tool.

Recommended Coverage

There is enough material in this book for a year-long course. Anyone teaching a course
of shorter duration will have to be selective in the choice of topics to be included. At Cal
Poly, we teach a two-quarter sequence, meeting four hours per week. During the first ten
weeks we cover much of the material in Chapters 1-7 (going lightly over joint distribu-
tions and the details of estimation by maximum likelihood and the method of moments).
The second quarter begins with hypothesis testing and moves on to two-sample infer-
ences, ANOVA, regression, and selections from the chi-squared, distribution-free, and
quality control chapters. Coverage of material in a one-semester course would obviously
have to be somewhat more restrictive. There is, of course, never enough time to teach
students all that we would like them to know!
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1.1 Populations, Samples, and Processes 3

1.1 Populations, Samples, and Processes

Engineers and scientists are constantly exposed to collections of facts, or data, both in
their professional capacities and in everyday activities. The discipline of statistics pro-
vides methods for organizing and summarizing data and for drawing conclusions based
on information contained in the data.

An investigation will typically focus on a well-defined collection of objects con-
stituting a population of interest. In one study, the population might consist of all
gelatin capsules of a particular type produced during a specified period. Another inves-
tigation might involve the population consisting of all individuals who received a B.S.
in engineering during the most recent academic year. When desired information is
available for all objects in the population, we have what is called a census. Constraints
on time, money, and other scarce resources usually make a census impractical or infea-
sible. Instead, a subset of the population—a sample—is selected in some prescribed
manner. Thus we might obtain a sample of bearings from a particular production run as
a basis for investigating whether bearings are conforming to manufacturing specifica-
tions, or we might select a sample of last year’s engineering graduates to obtain feed-
back about the quality of the engineering curricula.

We are usually interested only in certain characteristics of the objects in a popu-
lation: the number of flaws on the surface of each casing, the thickness of each capsule
wall, the gender of an engineering graduate, the age at which the individual graduated,
and so on. A characteristic may be categorical, such as gender or type of malfunction,
or it may be numerical in nature. In the former case, the value of the characteristic is
a category (e.g., female or insufficient solder), whereas in the latter case, the value is a
number (e.g., age = 23 years or diameter = .502 cm). A variable is any characteristic
whose value may change from one object to another in the population. We shall initially
denote variables by lowercase letters from the end of our alphabet. Examples include

x = brand of calculator owned by a student

y = number of major defects on a newly manufactured automobile

z = braking distance of an automobile under specified conditions
Data results from making observations either on a single variable or simultaneously on
two or more variables. A univariate data set consists of observations on a single vari-
able. For example, we might determine the type of transmission, automatic (A) or man-

ual (M), on each of ten automobiles recently purchased at a certain dealership, result-
ing in the categorical data set

M A AAMAAMAA

The following sample of lifetimes (hours) of brand D batteries put to a certain use is a
numerical univariate data set;

56 51 62 60 58 65 58 5.5

We have bivariate data when observations are made on each of two variables. Our data
set might consist of a (height, weight) pair for each basketball player on a team, with
the first observation as (72, 168), the second as (75, 212), and so on. If an engineer



