Preface

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

Carl Sagan (1985), Contact.

Simple graphs have aways played a useful role in the analysis and presenta-
tion of data. Until about 12 years ago, my personal view of statistical graphicswas
mostly confined to relatively simple displays that could be produced on ateletype
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 visuaization in statistical analyses. | 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 graphicsdidn’'t really become a concrete tool for me until after
L uke Tierney began work on XLISP-STAT, aprogramming language that allowsthe
user to implement graphical ideas with relatively little difficulty (Tierney 1990).

Thisbook isabout ideasfor the graphical analysis of regression data. The orig-
inal motivation came from wondering how far computer graphics could be pushed
in aregression analysis. In the extreme, isit 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. | hope that this framework will facilitate an under-
standing of the potential roles for graphicsin 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



contexts apply across diverse areas and, together with an application context, pro-
vide afoundation for scientific inquiries subject to random variation. Much of this
book is devoted to arelatively new statistical context for regression and regression
graphics. Thisnew context isintended 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 analysisfor guiding the choice
of afirst model, or during the model-checking phase when the response is replaced
by aresidual. Basing an entire regression analysis on graphicsis also a possibility
that is discussed.

Outline

Chapter 1isalight introduction to selected graphical issuesthat arisein afamiliar
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 devel op-
ments, including two-dimensional scatterpl ots and scatterplot matrices, smoothing,
response transformationsin regressions with a single predictor, plotting exchange-
able pairs and alittle history. In the same spirit, some background on constructing
an illusion of arotating three-dimensional scatterplot on a two-dimensional com-
puter screen is given in Chapter 3. The main theme of this book beginsin 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 | 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 forma style is not intended to imply a high degree of mathematical
formalism, however. Rather, | found it convenient to keep track of results and to
separate justifications to facilitate reading. Generally, knowledge of mathematical
statistics and finite dimensional vector spacesis required for the justifications.

The graphical foundationsare expanded in Chapter 10 by incorporating inverse



regressions. Numerical methods for estimating a central dimension-reduction sub-
gpace viainverse 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 afew problemsfor those who might like to explore the ideas and
methodol ogy further.

Residuals are an important part of graphics for regression analyses, and they
play key rolesin 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 viawww.stat.umn.edur/RegGraph/. A few data sets are
included in the book.
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