
Preface

Humans are good, she knew, at discerning subtle patterns that are
really there, but equally so at imagining them when they are altogether
absent.

Carl Sagan (1985), Contact.

Simple graphs have always played a useful role in the analysis and presenta-
tion of data. Until about 12 years ago, my personal view of statistical graphics was
mostly confined to relatively simple displays that could be produced on a teletype
or CRT terminal. Many displays were based on six-line plots. Today statistical
graphics aren’t so simple. Advances in computing have stimulated ideas that go
far beyond the historically dominant graphics, and that have the potential to sub-
stantially expand the role of visualization in statistical analyses. I understand that
much of modern computer graphics can be traced back to the pioneering work on
PRIM-9 (Fisherkeller, Friedman and Tukey 1974) and to Peter Huber’s visions for
PRIM-ETH and PRIM-H (Cleveland and McGill 1988). David Andrew’s Mac-
intosh program McCloud provided my first exposure to three-dimensional plots,
although computer graphics didn’t really become a concrete tool for me until after
Luke Tierney began work on XLISP-STAT, a programming language that allows the
user to implement graphical ideas with relatively little difficulty (Tierney 1990).

This book is about ideas for the graphical analysis of regression data. The orig-
inal motivation came from wondering how far computer graphics could be pushed
in a regression analysis. In the extreme, is it possible to conduct a regression anal-
ysis by using just graphics? The answer depends on the semantics of the question,
but under certain rather weak restrictions it seems that the possibility does exist.
And in some regressions such an analysis may even be desirable.

This book is not about how to integrate graphical and non-graphical method-
ology in pursuit of a comprehensive analysis. The discussion is single-minded,
focusing on graphics unless non-graphical methods seem essential for progress.
This should not be taken to imply that non-graphical methods are somehow less
appropriate or less desirable. I hope that this framework will facilitate an under-
standing of the potential roles for graphics in regression.

Context

In practice, regression graphics, like most of statistics, requires both an application
context and a statistical context. Statistics exists as a discipline because statistical
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contexts apply across diverse areas and, together with an application context, pro-
vide a foundation for scientific inquiries subject to random variation. Much of this
book is devoted to a relatively new statistical context for regression and regression
graphics. This new context is intended to blend with rather than replace more tradi-
tional paradigms for regression analysis (See, for example, Box 1980.) It imposes
few scope-limiting restrictions on the nature of the regression and for this reason
it may be particularly useful at the beginning of an analysis for guiding the choice
of a first model, or during the model-checking phase when the response is replaced
by a residual. Basing an entire regression analysis on graphics is also a possibility
that is discussed.

Outline

Chapter 1 is a light introduction to selected graphical issues that arise in a familiar
context. Notational conventions are described at the end of this chapter. Chapter
2 consists of a number of miscellaneous topics to set the stage for later develop-
ments, including two-dimensional scatterplots and scatterplot matrices, smoothing,
response transformations in regressions with a single predictor, plotting exchange-
able pairs and a little history. In the same spirit, some background on constructing
an illusion of a rotating three-dimensional scatterplot on a two-dimensional com-
puter screen is given in Chapter 3. The main theme of this book begins in Chapter
4.

Much of the book revolves around the idea of reducing the dimension of the
predictor vector through the use of central dimension-reduction subspaces and suf-
ficient summary plots. These and other central ideas are introduced in Chapter 4
where I make extensive use of three-dimensional scatterplots for graphical anal-
yses of regression problems with two predictors and a many-valued response. In
the same vein, graphics for regressions with a binary response are introduced in
Chapter 5. The development of ideas stemming from central dimension-reduction
subspaces is continued in Chapters 6, 7 and 8 by allowing for many predictors.
Practical relevance of these ideas is explored in Chapter 9 through a number of
examples.

Starting in Chapter 4, steps in the development of various ideas for regression
graphics are expressed as propositions with justifications separated from the main
text. This formal style is not intended to imply a high degree of mathematical
formalism, however. Rather, I found it convenient to keep track of results and to
separate justifications to facilitate reading. Generally, knowledge of mathematical
statistics and finite dimensional vector spaces is required for the justifications.

The graphical foundations are expanded in Chapter 10 by incorporating inverse
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regressions. Numerical methods for estimating a central dimension-reduction sub-
space via inverse regressions are discussed in Chapters 11 and 12.

Traditional models start to play a more central role in Chapter 13 which is
devoted to ideas for studying the roles of individual predictors. Chapter 14 is
on graphical methods for visualizing predictor transformations in linear models.
Graphical methods for model assessment are studied in Chapter 15. Finally, each
chapter ends with a few problems for those who might like to explore the ideas and
methodology further.

Residuals are an important part of graphics for regression analyses, and they
play key roles in this book. But they are not singled out for special study. Rather,
they occur throughout the book in different roles depending on the context.

No color is used in the plots of this book. Nevertheless, color can facilitate
the interpretation of graphical displays. Color and three-dimensional versions of
selected plots, data sets, links to recent developments and other supplemental in-
formation will be available via www.stat.umn.edur/RegGraph/. A few data sets are
included in the book.

Acknowledgments

Earlier versions of this book were used over the past six years as lecture notes for
a one-quarter course at the University of Minnesota. Most students who attended
the course had passed the Ph.D. preliminary examination, which in part requires a
year of mathematical statistics and two quarters of linear models. The students in
these courses contributed to the ideas and flavor of the book. In particular, I would
like to thank Efstathia Bura, Francesca Chiaromonte, Rodney Croos-Dabrera and
Hakbae Lee who each worked through an entire manuscript, and furnished help
that went far beyond the limits of the course. Dave Nelson was responsible for
naming “central subspaces.” Bret Musser helped with computing and the design of
the Web page.

Drafts of this book formed the basis for various short courses sponsored by Los
Alamos National Laboratory, the Brazilian Statistical Association, Southern Cali-
fornia Chapter of the American Statistical Association, University of Birmingham
(U.K.), University of Waikato (New Zealand), International Biometric Society,
Seoul National University (Korea), Universidad Carlos III de Madrid, the Winter
Hemavan Conference (Sweden), the University of Hong Kong, and the American
Statistical Association.

I would like to thank many friends and colleagues who were generous with their
help and encouragement during this project, including Richard Atkinson, Frank
Critchley, Doug Hawkins, Ker-Chau Li, Chris Nachtsheim, Rob Weiss, Nate Wet-

3



zel and Joe Whittaker. I am grateful to Joe Eaton for helping me reason through
justifications that I found a bit tricky, and to Harold Henderson for his careful read-
ing of the penultimate manuscript. Sandy Weisberg deserves special recognition
for his willingness to engage new ideas.

Some of the material in this book was discussed in the recent text An Introduc-
tion to Regression Graphics by Cook and Weisberg (1994a) That text comes with
a computer program, the R-code, that can be used to implement all of the ideas in
this book, many of which have been incorporated in the second generation of the
R-code. All plots in this book were generated with the R-code, but the development
is not otherwise dependent on this particular computer program.

I was supported by the National Science Foundation’s Division of Mathemati-
cal Sciences from the initial phases of this work in 1991 thru its completion.

R. DENNIS COOK

St. Paul, Minnesota
January 1998

4


