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Preface
This is a book about Software for Data Analysis: using computer software
to extract information from some source of data by organizing, visualizing,
modeling, or performing any other relevant computation on the data. We
all seem to be swimming in oceans of data in the modern world, and tasks
ranging from scientific research to managing a business require us to extract
meaningful information from the data using computer software.
This book is aimed at those who need to select, modify, and create
software to explore data. In a word, programming. Our programming will
center on the R system. R is an open-source software project widely used
for computing with data and giving users a huge base of techniques. Hence,
Programming with R.
R provides a general language for interactive computations, supported by
techniques for data organization, graphics, numerical computations, modelfitting, simulation, and many other tasks. The core system itself is greatly
supplemented and enriched by a huge and rapidly growing collection of software packages built on R and, like R, largely implemented as open-source
software. Furthermore, R is designed to encourage learning and developing, with easy starting mechanisms for programming and also techniques
to help you move on to more serious applications. The complete picture—
the R system, the language, the available packages, and the programming
environment—constitutes an unmatched resource for computing with data.
At the same time, the “with” word in Programming with R is important. No software system is sufficient for exploring data, and we emphasize
interfaces between systems to take advantage of their respective strengths.
Is it worth taking time to develop or extend your skills in such programming? Yes, because the investment can pay o↵ both in the ability to ask
questions and in the trust you can have in the answers. Exploring data with
the right questions and providing trustworthy answers to them are the key
to analyzing data, and the twin principles that will guide us.
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What’s in the book?

A sequence of chapters in the book takes the reader on successive steps
from user to programmer to contributor, in the gradual progress that R
encourages. Specifically: using R; simple programming; packages; classes
and methods; inter-system interfaces (Chapters 2; 3; 4; 9 and 10; 11 and
12). The order reflects a natural progression, but the chapters are largely
independent, with many cross references to encourage browsing.
Other chapters explore computational techniques needed at all stages:
basic computations; graphics; computing with text (Chapters 6; 7; 8).
Lastly, a chapter (13) discusses how R works and the appendix covers some
topics in the history of the language.
Woven throughout are a number of reasonably serious examples, ranging
from a few paragraphs to several pages, some of them continued elsewhere
as they illustrate di↵erent techniques. See “Examples” in the index. I
encourage you to explore these as leisurely as time permits, thinking about
how the computations evolve, and how you would approach these or similar
examples.
The book has a companion R package, SoDA, obtainable from the main
CRAN repository, as described in Chapter 4. A number of the functions and
classes developed in the book are included in the package. The package
also contains code for most of the examples; see the documentation for
"Examples" in the package.
Even at five hundred pages, the book can only cover a fraction of the
relevant topics, and some of those receive a pretty condensed treatment.
Spending time alternately on reading, thinking, and interactive computation
will help clarify much of the discussion, I hope. Also, the final word is with
the online documentation and especially with the software; a substantial
benefit of open-source software is the ability to drill down and see what’s
really happening.
Who should read this book?
I’ve written this book with three overlapping groups of readers generally
in mind.
First, “data analysts”; that is, anyone with an interest in exploring data,
especially in serious scientific studies. This includes statisticians, certainly,
but increasingly others in a wide range of disciplines where data-rich studies
now require such exploration. Helping to enable exploration is our mission
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here. I hope and expect that you will find that working with R and related software enhances your ability to learn from the data relevant to your
interests.
If you have not used R or S-Plus R before, you should precede this book
(or at least supplement it) with a more basic presentation. There are a
number of books and an even larger number of Web sites. Try searching
with a combination of “introduction” or “introductory” along with “R”.
Books by W. John Braun and Duncan J. Murdoch [2], Michael Crawley
[11], Peter Dalgaard [12], and John Verzani [24], among others, are general
introductions (both to R and to statistics). Other books and Web sites are
beginning to appear that introduce R or S-Plus with a particular area of
application in mind; again, some Web searching with suitable terms may
find a presentation attuned to your interests.
A second group of intended readers are people involved in research or
teaching related to statistical techniques and theory. R and other modern
software systems have become essential in the research itself and in communicating its results to the community at large. Most graduate-level programs
in statistics now provide some introduction to R. This book is intended to
guide you on the followup, in which your software becomes more important
to your research, and often a way to share results and techniques with the
community. I encourage you to push forward and organize your software to
be reusable and extendible, including the prospect of creating an R package
to communicate your work to others. Many of the R packages now available
derive from such e↵orts..
The third target group are those more directly interested in software
and programming, particularly software for data analysis. The e↵orts of the
R community have made it an excellent medium for “packaging” software
and providing it to a large community of users. R is maintained on all the
widely used operating systems for computing with data and is easy for users
to install. Its package mechanism is similarly well maintained, both in the
central CRAN repository and in other repositories. Chapter 4 covers both
using packages and creating your own. R can also incorporate work done in
other systems, through a wide range of inter-system interfaces (discussed in
Chapters 11 and 12).
Many potential readers in the first and second groups will have some
experience with R or other software for statistics, but will view their involvement as doing only what’s absolutely necessary to “get the answers”. This
book will encourage moving on to think of the interaction with the software
as an important and valuable part of your activity. You may feel inhibited by
not having done much programming before. Don’t be. Programming with
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R can be approached gradually, moving from easy and informal to more
ambitious projects. As you use R, one of its strengths is its flexibility. By

making simple changes to the commands you are using, you can customize
interactive graphics or analysis to suit your needs. This is the takeo↵ point
for programming: As Chapters 3 and 4 show, you can move from this first
personalizing of your computations through increasingly ambitious steps to
create your own software. The end result may well be your own contribution
to the world of R-based software.
How should you read this book?
Any way that you find helpful or enjoyable, of course. But an author
often imagines a conversation with a reader, and it may be useful to share
my version of that. In many of the discussions, I imagine a reader pausing to
decide how to proceed, whether with a specific technical point or to choose
a direction for a new stage in a growing involvement with software for data
analysis. Various chapters chart such stages in a voyage that many R users
have taken from initial, casual computing to a full role as a contributor to
the community. Most topics will also be clearer if you can combine reading
with hands-on interaction with R and other software, in particular using the
Examples in the SoDA package.
This pausing for reflection and computing admittedly takes a little time.
Often, you will just want a “recipe” for a specific task—what is often called
the “cookbook” approach. By “cookbook” in software we usually imply that
one looks a topic up in the index and finds a corresponding explicit recipe.
That should work sometimes with this book, but we concentrate more on
general techniques and extended examples, with the hope that these will
equip readers to deal with a wider range of tasks. For the reader in a hurry,
I try to insert pointers to online documentation and other resources.
As an enthusiastic cook, though, I would point out that the great cookbooks o↵er a range of approaches, similar to the distinction here. Some, such
as the essential Joy of Cooking do indeed emphasize brief, explicit recipes.
The best of these books are among the cook’s most valuable resources. Other
books, such as Jacques Pépin’s masterful La Technique, teach you just that:
techniques to be applied. Still others, such as the classic Mastering the Art
of French Cooking by Julia Child and friends, are about learning and about
underlying concepts as much as about specific techniques. It’s the latter
two approaches that most resemble the goals of the present book. The book
presents a number of explicit recipes, but the deeper emphasis is in on concepts and techniques. And behind those in turn, there will be two general
principles of good software for data analyis.
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