1 PREFACE TO THE FOURTH EDITION

t more can we possibly say about statistics that we haven't said already? Haven't we exhausted the
W:"?Jﬂd of biostatistics? Well, we've possibly exhausted the people reading about that world, but not the
contents of it, It seems as if the world of statistics is like the astronomers’ picture of the universe—expanding
without limit and, like black holes, devouring everything around it What we've expanded into with this
edition is a soupgon of epidemiology.

We were delighted with a very positive review of the 3™ edition uf the book in JAMA, in which Dr. Naomi
Vaisrub—a real statistician!—praised the book, but suggested that we cover some topics in epidemiclogy. and
we took her up on it. There's an entirely new chapter, called Measures of Impac, in which we discuss measures
of incidence and prevalence, risk, morbidity and fatality rates, and the number needed to treat. She also sug-
gested that we deal with different types of distributions, so we used this as a rationale for delving into the
Poisson distribution for doing regressions on count data. We have completely rewritten Chapter 6, “Elements
of Statistical Inference,” to deal with a chronic problem commeon to many statistical books: recondling the two
historical approaches to logic of inference—the computation of exact p-values due to Fisher and the decision-
making approach of Neyman and Pearson. We may still not have it right, but we think it's better. You'll also
find new sections on robust estimators of the mean, the problems of multiple hypothesis testing, bootstrapping
and resampling, and we've beefed up the section on non-parametric stats.

On the basis of a suggestion from our good Iriend, Dr. Doug Ammons, we're also trying something new:
giving suggestions for how results should be reported. We realize this can be a bit tricky, since various jo urnals—
espedially in different disciplines—report statistics in diverse ways. But, we thought we'd give it a try for some
of the tests and see how it poes. If we get positive feedback, there’s always a fifth edition.

So, keep those cards, letiers, and e-mails coming in. We're always delighted to hear from you {even when
you tell us where we screwed up).
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PREFACE TO THE THIRD EDITION

Well. we're back, vet again. In the preface to the second edition, we wrote that the half-life of statistical
knowledge is comparable to the life span of an elephant. Now, maybe it’s just a sign of our incipient
decrepitude, but it seems that the pace of developments in statistics has been increasing of late. Technigues that
were just a glimmer in our eye when we worked on the previous edition seven years ago, such as hierarchical
linear modeling, are now found in nearly all psychology journals and are starting to creep into biomedical ones.
Also, when we first wrote this book, we thought it would be used by people as a sort of underground resource,
to be read behind the backs of their instructors, that would help explain the “real,” “grown-up” statistics books.
We've been pleasantly surprised and delighted by the number of e-mails we get from people thar indicare that
this is the only stats book they have on their shelves, or at least the only one they bother to look at.

S0, the effect of these two forces has led to this third edition. In response to the first issue, we've taken top-
ics such as growth curve analysis, which had been a section in the chapter on measuring change, and given it
its own chapter, under the more up-to-date heading of hierarchical linear modeling. As for making this more
of a textbook, two additions are obvious: one new chapter on testing for equivalence and non-inferiority, and
another on how to get started using the computer statistics program SPSS, because most of the chapters end
with a section on using PSS to run the tests. Other changes are less obvious, because they're buried within
the chapters. For example, with an increasing number of journals, it's not sufficient to run a test of signifi-
cance; they now require authors to supplement statistical tests with confidence intervals and some indication
of effect size, so we've added these whenever possible. We've added a lot more to the chapters on regression
and ANOWVA (analysis of variance), and, in short, turned an excellent book into a fantasric one,

One thing hasn’t changed (we hope). and that's our belief that having the word statistics in the same sen-
tence as funny, irreverent, and possibly obscente doesn’t constitute an oxymoron. We still regard as our highest
compliment the fact that one student had to buy another copy of the book, because, while reading her first
copy in the bathtub (don't ask), she laughed so hard that she dropped it. So, learn and laugh along the way.
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PREFACE TO THE SECOND EDITION

e have been extremely pleased by the positive comments we have received about the first edition of

Biostatistics: The Bare Essentials.! It is very gratifying to get e-mail messages cut of the blue telling us tha,
for the first time, people really understand what statistics are all about and are having fun learning it— almost
as gratifying as getting royalty checks in the snail-mail. We debated for a long time whether we should write
a second edition. Our hesitation was due to two considerations. First) if the half-life of medical knowledge is
about 5 years, then it must be longer than the life-time of an elephant for statistical knowledge. After all, we
are still using the correlation coefficient that was proposed by Galton (and he died in 1911}, and the work done
by Ronald Fisher in the early 19005 continues to provide the basic core of statistics, Second, there were other
things we wanted to do with our lives, such as eating, sleeping, and seeing our families.

S0, what made us decide to do a second edition? For one thing, statistics fhave changed. Path analysis and
structural equation modeling have been around for about a quarter of a century, but with the recent introdue-
tion of programs that do these easily on a desktop computer, their use has proliferated over the past few years,
1t is almost impossible to read any journal in fields such as psychology without seeing at least one example in
each issue. The same is true for other computer-intensive techniques, such as logistic regression and multivari-
ate analysis of variance; so, we have added chapters on all of these subjects. Now. after nearly a half century
of debate, we are starting to reach some consensus about the best way to measure change, and this deserves
its own chapter.

Writing a second edition has also allowed us to correct the mistakes that we and others have discovered
over the years. However, writing new chapters has also offered us the opportunity to make new ones, so keep
your eyes open and the e-mails coming. In closing, we would like to thank three people who have been espe-
dally diligent in pointing out our mistakes and in reading drafts of some of the new chapters: Bill Marks from
Villanova University, Kathleen Wyrwich from 5t. Louis University, and Jose Luis Saiz from Universidad de la

Frontera.
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PREFACE TO THE FIRST EDITION

Are congratulations in order? Have you finally
overcome those years of denial about vour
ignorance of statistics, those many embarrassing
incidents ar scientific meetings, those offhand com-
ments at drug company receptions when someone
dropped tidbits like “analysis of covarfance® into the
conversation and you had to admit your bewilder-
ment? Are you prepared to recognize your condition
and deal with your problem? Face it, you are a pho-
tonumerophobic!’

Now that you have come out of the closet (clinic),
we are here to help, To begin, it would be useful
for you to understand that all statisticians are not
created equal, and as a result all statistics books
are not equal.? An analogy with home renovation
might help, Three basic types of [olks are involved
in home renovation. First there are architects, who
design houses that no one except dermatologists can
afford—they worry about concepts, esthetics, and
design at the theory level. Next there are carpenters
who de home renovations, are highly specialized and
skilled,> and have a special language consisting of
terms such as plates, sills, rafters, sheathing, R28, and
the like that describe goings on at the practical level *

Finally, there are the do-it-yourselfers (DIYers),
who have the temerity to sally forth in blissful igne-
rance and make their own additions. Now, the fact
of the martter is that it isn't all that difficult to put
a nail into a 2 x 4, or to do anything else related 1o
foundations, walls, ceilings, plumbing. and wiring,
But a frustration for accomplished DIYers is that the
books on do-it-yourselfing are written either by the
architects, or by carpenters, but not by really good
DIYers, and they all miss the mark. S0, you either get
pieces about the esthetic considerations involved in
a $200,000 bathreom renovation, or a DIY book that
starts and stops with “How to change a fuse.”

Unfortunately, the same conventions hold in
statistics. There are the architects of statistics—
card-carrying PhDs who contribute to the theory of
statistics and publish journal articles in Biometrika
or little monographs to be read only by other mem-
bers of this closed community. Then there are the
carpenters—the most common spedes. They usually
have a PhD in statistics, but they don’t actually con-
tribute to the discipline base of statistics—they just o
statistics. They don’t usually publish articles in sta-
tistics journals, beyond the cookbook recipes. Then
there are the DIYers—Iiolks like us who have arrived

at statistics by the back door through disciplines such
as psychology or education. With the advent of mod-
ern statistical packages and PCs, nearly anyone can
be a do-it-yourself statistician—even you. Note that
we are assuming in this book, unlike many other sta-
tistics books, that vou will ret actually 4o statistics, No
one except students in statistics courses has.done an
analysis of variance for 20 vears. If God had meant
people to do statistics, He wouldn’t have invented
CcOmputers.

This description reveals two problems with the
present state of affairs, First, doing statistics really is
easier now than deing plumbing, but unfortunately
errors are much better hidden—there is no statistical
equivalent of a leaky pipe. Also, there is no building
inspector or building code in statistics, although jour-
nal editors wish there were.

Secondly, most Do-It-Yourself stats books are
written by tradesmen (oops, that should “trades-
persons”). They are a possessive lot and likely
feel a little guilty that they, too, don't publish
in Biometrica.® So, they commit two fundamen-
tal errors. First, they cannot resist dazzling you
with the mysteries of the game and subliminally
impressing you with the incredible intelligence
that they must have had to master the field. This
is achieved by sprinkling technical lingo through-
out the book. doing lots and lots of derivations and
algebra to make it look like scdence, and, above all,
writing in a stilted, formal, and ultimately unread-
ably boring prose, as if this is a prerequisite for
credibility. That is one type of statistics hook—until
recently. in the majority.

There is a second strategy, however. Recognizing
that no one in possession of his or her senses would
actually lay owt hard-earned cash to buy such a
book.® 2 number of carpenters have begun to pub-
lish little thin books. with lively prose and with a
sincere hope of demystifying the field and making
good royalties. The only problem is that they usu-
ally presume thae the really contemporary stuff of
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appear commonly.” The circular nature of this
t somehow escapes them.”
We have news for you. Contemporary statistics
pot all that complicated; in fact, now that com-
are around to do all the dirty work, it's much
painful than in yesteryear. Certainly compared
ology or physics, it's pain free. But an author
1o approach it with a genuine desire to try very
10 explain it. Let us just return to the DIY anal-
one last time. There are really two types of
ies that accomplished DIYers get involved in.
some chores on the house, they want to be suf-
y informed that they can hire a professional
feel confident that they will recognize when it is
well or poorly. That is, they know they can’t do
all on their own, but they know enough to be able
gell shoddy workmanship when they see it. Other
they may decide to complete themselves, Again,
the biomedical researcher confronted with statis-
both avenues are open. On the one hand, it is
prerequisite, in examining the analyses conducted
others, to be able to understand when it was done
well or poorly, even though one may choose to not
&0 it oneself. On the other hand; with the fexibility
and ease of many contemporary statistics packages,
just about anyone can now get involved in the doing
of statistics.

Our first book, PDQ Statistics (Norman and Streiner.
1986), was written to satisfy consumers ol statis-
gics. We found that it was possible to explain most
of contemporary statistics at the conceptual level,
with little recourse to algebra and proofs. However,
@t does take somewhat more knowledge and skill 1o
do something—plumbing, wiring, or statistics— than
it does to recognize when others are doing it well
or pootly. That, then, is the intent of this book. If
~ you never intend to do statistics, save a few bucks
and buy PDQ. However, if you are actually involved
in research, or if yvou have had your appetite whet-
ted by PDG or some other introductory book, pay the
salesperson for this book and carry on.

Some comments about the format of the book.
A perusal of the contents reveals that it is laid out
much as any other traditional stats book. We con-
templated doing it in problem-based fashion, both
because we come {rom a problem-based medical
school and also because it would sound contempo-
rary and sell more books {we never said we were
in it for altruism). But this would constitute, in our
view, a debasement of the meaning of problem based
learning {PBL). This book is a resource, not a cur-
riculum, By all means, we urge the reader to consult
it when there is a statistical problem around, thereby
doing PBL. But PBL does not dictate the format of
the resources—all medical students, wherever they
are, still engorge Harrison and the Merck Manual.
We felt that we could better explain the conceptual
underpinnings by following the traditional sequence.

Some differences go beyond style. Mosi chapters
begin with an example to set the stage, Usually the
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examples were dreamt up in our fertile imaginations
and are, we hope, entertaining. Occasionally we
reverted to real-world data, simply because some-
times the real world is at least as bizarre as anything
imagination could invent. Although many reviews of
statistics books praise the users of real examples and
castigate others, we are unapologetic in our decision
for several reasons: (1) the book is aimed at all types
of health professionals, and we didn't want 1o waste
vour time and ours explaining the intricades of podi-
atry for others; (2} the real world is a messy place,
and it is difficult, or well nigh impossible, 1o locate
real examples that illustrate the pedagogic points
simply:® and (3) we happen to believe, and can cite
good psychological evidence to back it up, that mem-
orable (read “bizarre”) examples are a potent ally in
learning and remembering concepis.

There are far more equations here than in PDQ,
although we have still tried to keep these to a mini-
mum. Our excuse is simply thar this is the language
of statistics; if we try to aveid it allogether, we end
up with such convoluted prose that the message gets
lost in the medium, But we continue to try very hard
to explain the underlying concept, instead of simply
dropping a formula in your lap.

There are a few other distinctive features. We have
retained the idea of C.R.A.P. Detectors® from PDQ as
a way to help you see the errors of other's {and your
own) ways, We have included computer notes at the
end of most chapters® o help vou with one of the
more common and powerful statistical programs—
SPSS (Statistical Program for the Socdal Sdences).
Finally, we acknowledge that many clinical investi-
gators use most of their skills to get grants so that
they can hire someone else to do statistics, Also, it
is impossible to squeeze money out of most federal,
state, or provincial agencies without an impressive
sample size calculation.!! That means, of course, that
the only analysis many biomedical researchers do is
the sample size calculations in their grant proposals.
Recognizing this harsh reality, every chapter has a
section devoted 1o sample size calculations (when
these are available) so you will be as good as the next
person at befuddling the grant reviewers.

On the issue of [ormat, you will already have
noticed that the book has an excessively wide ourside
margin. This is not a publisher’s error or an attempt
to salvage the pulp and paper industry. Instead, it
accomplishes two things: (1) we can use the margin
for rubrics,'? expanding on things of slightly periph-
eral interest, or inflicting our base humor on the
reader; and {2) vou can use it to make your own
notes if you don't like ours.

Finally, on the issue of style. You might have
already noticed that we have cultivated a somewhat
irreverent tone, which we will proceed to apply as we
see fit to all folks who have the misfortune to appear
in these pages—statisticians, physicians, adminis-
trators, nurses, physiotherapists, psychologists, and
social workers. We recognize that we run a certain
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risk of offending the “allied”!® health professionals,
who have historically felt somewhat downtrodden,
with good reason, by folks with MD after their name.
However. we felt the risk was greater if we omitted
them altogether. Fear no evil, all ye downtrodden—
our intent is not radst, sexist, or otherwise preju-
diced. We will attempt, as much as possible, to insult
all professions equally.'*

Notes on the Computer Notes

We are of the firm belief that our mothers didn’t raise
us to waste our time doing calculations by hand;
that's why we have computers and computerized
statistical packages. However, learning the arcane
code words demanded by many of these programs
can be as intimidating as learning statistics itsell. So,
in our never-ending quest to be as helpful as pos-
sible, we've supplied the commands necessary to
make one of these programs bow to vour wishes,

A few years ago, it would have been a simple job
to choose which programs to include; because there
were only three or four that could be run on desktop
computers, we could have included all of them and
be seen as comprehensive and erudite. Now, though,
it seems as if a new, “betier,” package is introduced
every month, fordng us to make some choices.!®
When we wrote the first edition, there were a bunch
of popular and powerful programs which siood out
from the rest — SPSS, BMDE 5AS, and Minitab, So,
we obligingly included some hints on how to run
three of the four. Well, things have changed con-
siderably in the past decade or so. SPSS (Statistical
Package for the Social Sciences) has done to statistical
software what Microsolt did 1o operating systems —
it swallowed them whole for breakfast. While you

can still buy SAS and Minitab, 5P55 bought out
BMDP had then let it wither on the vine, *Real”
statisticians still use SAS, but you'll need a separate
bookcase just to house all of its manuals. The reality
is that wherever you look in the sodal and medical
sciences, folks are running SPSS. It's never been the
best at everything, but it’s good at many things, and
it’s pretty well created a monopoly. Since no manual
or Help directory can ever compete with a knowl-
edgeable friend, and friends knowledgeable in PSS
are far more common than friends of the other ilks!®,
it makes no sense lor us to buck a trend. Accordingly,
this time around we've only included instructions for
the Windows version of SP55 {Version 9 point some-
thing or other).

Good luck (and don't call us if your machine
blows up).
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