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Preface to the Fourth Edition

This is a textbook to help you learn about applied linear regression. The book
has been in print for more than 30 years, in a period of rapid change in statisti-
cal methodology and particularly in statistical computing. This fourth edition
is a thorough rewriting of the book to reflect the needs of current students. As
in previous editions, the overriding theme of the book is to help you learn to
do data analysis using linear regression. Linear regression is a excellent model
for learning about data analysis, both because it is important on its own and
it provides a framework for understanding other methods of analysis.

This edition of the book includes the majority of the topics in previous edi-
tions, although much of the material has been rearranged. New methodology
and examples have been added throughout.

* Even more emphasis is placed on graphics. The first two editions stressed
graphics for diagnostic methods (Chapter 9) and the third edition added
graphics for understanding data before any analysis is done (Chapter 1).
In this edition, effects plots are stressed to summarize the fit of a model.

* Many applied analyses are based on understanding and interpreting
parameters. This edition puts much greater emphasis on parameters, with
part of Chapters 2-3 and all of Chapters 4-5 devoted to this important
topic.

+ Chapter 6 contains a greatly expanded treatment of testing and model
comparison using both likelihood ratio and Wald tests. The usefulness
and limitations of testing are stressed.

+ Chapter 7 is about the variance assumption in linear models. The discus-
sion of weighted least squares has been been expanded to cover
problems of ecological regressions, sample surveys, and other cases.
Alternatives such as the bootstrap and heteroskedasticity corrections
have been added or expanded.

*+ Diagnostic methods using transformations (Chapter 8) and residuals and
related quantities (Chapter 9) that were the heart of the earlier editions
have been maintained in this new edition.
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Xvi PREFACE TO THE FOURTH EDITION

+ The discussion of variable selection in Chapter 10 has been updated from
the third edition. It is designed to help you understand the key problems
in variable selection. In recent years, this topic has morphed into the area
of machine learning and the goal of this chapter is to show connections
and provide references.

* As in the third edition, brief introductions to nonlinear regression
(Chapter 11) and to logistic regression (Chapter 12) are included, with
Poisson regression added in Chapter 12.

Using This Book
The website for this book is http://z.umn.edu/alrded.

As with previous editions, this book is not tied to any particular computer
program. A primer for using the free R package (R Core Team, 2013) for the
material covered in the book is available from the website. The primer can
also be accessed directly from within R as you are working. An optional pub-
lished companion book about R is Fox and Weisberg (2011).

All the data files used are available from the website and in an R package
called alr4 that you can download for free. Solutions for odd-numbered
problems, all using R, are available on the website for the book'. You cannot
learn to do data analysis without working problems.

Some advanced topics are introduced to help you recognize when a problem
that looks like linear regression is actually a little different. Detailed method-
ology is not always presented, but references at the same level as this book
are presented. The bibliography, also available with clickable links on the
book’s website, has been greatly expanded and updated.

Mathematical Level

The mathematical level of this book is roughly the same as the level of previ-
ous editions. Matrix representation of data is used, particularly in the deriva-
tion of the methodology in Chapters 3—4. Derivations are less frequent in later
chapters, and so the necessary mathematics is less. Calculus is generally not
required, except for an occasional use of a derivative. The discussions requiring
calculus can be skipped without much loss.
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CHAPTER 1

Scatterplots and Regression

Regression is the study of dependence. It is used to answer interesting ques-
tions about how one or more predictors influence a response. Here are a few
typical questions that may be answered using regression:

+ Are daughters taller than their mothers?
+ Does changing class size affect success of students?

+ Can we predict the time of the next eruption of Old Faithful Geyser from
the length of the most recent eruption?

+ Do changes in diet result in changes in cholesterol level, and if so, do the
results depend on other characteristics such as age, sex, and amount of
exercise?

+ Do countries with higher per person income have lower birth rates than
countries with lower income?

+ Are highway design characteristics associated with highway accident
rates? Can accident rates be lowered by changing design
characteristics?

+ Is water usage increasing over time?

+ Do conservation easements on agricultural property lower land value?

In most of this book, we study the important instance of regression meth-
odology called linear regression. This method is the most commonly used in
regression, and virtually all other regression methods build upon an under-
standing of how linear regression works.

As with most statistical analyses, the goal of regression is to summarize
observed data as simply, usefully, and elegantly as possible. A theory may be
available in some problems that specifies how the response varies as the values
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