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Preface

How to read this book

This book is an introduction to experimental design. We mean it to be a good starter if
you have never thought about experimental design before, and a good tune-up if you
feel the need to take design more seriously. It does not come close to being the last
word on experimental design. We cover few areas of design exhaustively, and some
areas not at all. We use the Bibliography to recommend some good books that would
facilitate a deeper consideration of design issues. That said, it is also important to rea-
lise that the basic ideas of design covered in this book are enough to carry out a wide
range of scientific investigations. Many scientists forge a very successful career using
experiments that never take them outside the confines of the material covered in this
book. This book will also help you tackle more advanced texts, but if you absorb all that
we discuss here, then you may find that you know all the experimental design that you
feel you need to know.

This book is about how to design experiments so as to collect good quality data. Of
course, those data will almost certainly need statistical analysis in order to answer the
research questions that you are interested in. In order to keep the size of this book man-
ageable, we do not enter into the details of statistical analysis. Fortunately, there are a
huge number of books on statistical analysis available: we even like some of them! We
recommend some of our favourites in the Bibliography. We also provide some pointersin
the text to the types of statistical tests that different designs are likely to lead to.

We often illustrate our points through use of examples. Indeed, in some cases we
found that the only way to discuss some issues was through examples. In other cases,
our point can be stated in general terms. Here we still use examples to amplify and
illustrate. Although we think that you should aim to read the book right through like a
novel at least once, we have tried to organize the text to make dipping into the book
easy too.

Our first job will be to remove any doubt from your mind that experimental design is
important, and so we tackle this in Chapter 1. Chapter 2 discusses how good designs
flow naturally from clearly stated scientific questions. Almost all experiments involve
studying a sample and extrapolating conclusions about that sample more widely; how
to select a good sample is the key theme of Chapter 3. The nitty-gritty of some simple
designs forms the basis of Chapter 4. There is no point in formally designing an elegant
experiment if you then make a poor job of actually collecting data from your sample
individuals, so Chapter 5 is about some tips on taking effective measurements. Chapter
6 is a compendium of slightly more specialized points, which do not fit naturally into
the other chapters but at least some of which ought be useful to your branch of the
life sciences.
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Preface

This is not a maths book. Nowhere in this book will you find the equation for the
normal distribution, or any other equation for that matter. Experimental design is not
a subsection of maths, you don't need to be a mathematician to understand simple
but effective designs, and you certainly don't need to know maths to understand
this book.

Good experimental design is vital to good science. It is generally nothing like as dif-
ficult as some would have you believe: you can go a long way with just the few simple
guidelines covered in this book. Perhaps most amazingly of all, it is possible to derive
enjoyment from thinking about experimental design: why else would we have wanted
to write this book!

On the second edition

The coverage has not changed dramatically from the first edition, although all sections
have been rewritten—sometimes extensively so—for greater clarity. We have also at-
tended to filling in a few gaps, most notably in substantially increasing our consider-
ation of the special challenges associated with using human subjects. However, the big
change in this edition is the way in which the material is presented. As well as extend-
ing the use of some of the features of the previous edition, we also include a number of
new features that we hope will substantially increase the ease of use of this book. We
introduce these in the following pages.

On the third edition

We have very much retained the format of the second section and cover much of the
same material. However, we have again taken advantage of feedback to rewrite sec-
tions for improved clarity. This should be especially apparent in Chapter 3, where we
have extensively revised and expanded our coverage of the key subjects of between-
individual variation, replication, and statistical power, using an entirely new example
for illustration throughout the chapter. We have also tried to rectify some omissions
from the previous editions. In particular, we have always discussed in Chapter 2 how
to go from a biological question to hypotheses, and then the design of an experiment.
However, in previous editions, we had ducked the issue of where questions come from
in the first place. Since this is an issue that early-career scientists in particular have
challenged us to address, we now offer some general guidance on this issue. Another
notable inclusion in this edition is greater consideration of human biomedical studies.
In particular, we have added sections on how correlative studies can be particularly
important in studying human epidemiology and on the specialist terminology used in
the biomedical literature to describe experimental designs. We have also increased our
discussion of the advantages of Latin square designs and increased our coverage of
how to make measurements (for example, introducing the concepts of sensitivity and
specificity of a test). Finally, we have increased our use of figures throughout, and have
greatly enhanced the captions of each figure to allow figures to be understood with-
out consultation of the surrounding text.
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Learning features
Key deﬁnltlons Reverse causation

The second problem of correlational studies is reverse
There is a lot of jargon associated with experimental design and sta- v seereielationetip tetiveen factors A e il

. . factor Ainfluences factor B, when in fact it is changei

tistical analysis. We have not tried to avoid this. Indeed, we have delib- Foresampls,monea sunvey shows et tose W)

use recreational drugs also consider themselves to hd
erately tried to introduce you to as much of the jargon as we can. By tempting ta conclude thetadiughebitis e to calie

causation explanation is that people who have financial
being exposed to this jargon, we hope that it will become second na- 275 o HRCE TR IPRTs S5 aie B

ture to you to use—and understand—it. This should also make read-
ing more advanced texts and the primary literature less daunting.
However, to make negotiating the minefield of jargon more straight-
forward, we have increased the number of definitions of key terms
provided and increased the level of detail in all definitions. Each key
word or phrase is emboldened at the point where we first use it, and is
given a clear definition in a box nearby.

Statistics boxes

e different types of data. It is common to split data ‘

| Different statistical tests 1
| into the following types:

To emphasize the important link between good experimental design
and statistics we now include a number of statistical boxes. These
boxes should help you to see how thinking about design helps you
think about statistics and vice versa. We have added the boxes at
points where we think that keeping the statistics in mind is particu-
larly useful and include pointers in the main text to each box.

|

scale is a collection of categories into which experi-

ed. Categories should be mutually exclusive but there

« Nominal scales: a nfries Examples include species or sex “
ke nominal scales except now there is a rank order to the |

eample, the quality of second-hand CDs might be categorized |

se lf—test q u estlo ns we found the same pattern in 98 out of 100 couples we woul
What we have done is replicate our observation. If differenc
we would not expect the same trend to occur over a large
- real differences between males and females we would expe
Q Q3.1 Arewe safein etween replicate measurements. The more times we make

restricting our sample tqhe more likely it is that we are observing areal patter. Allstaf
married couples? ion, and are really just a way of formalizing the idea that
phenomenon the less likely it is to be occurring simply by char
detailed treatment of the relationship between random variaf

The more you think about experimental design, the easier designing
robust experiments becomes. To get you thinking while you are read-
ing this book, we now include a number of self-test questions in every
chapter. Often there will not be a clear right or wrong answer to a
question, but suggested answers to all questions can be found at the
back of the book.

you more power

Take-home messages

ts, increasing the number of subjects will generally
g the number of measurements (trees in this case)

To help to consolidate your thinking, we end most sections with a
take-home message. By including these throughout the text we hope
to give you an immediate opportunity to evaluate your understanding
of a section before moving on.
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manipulate clutch size, by removing or adding eggs to zebra?
toring the survival of the mother after the chicks have fley

should we choose? Let's begin with the lab. Maybe thd tion to ask is
whether your study organism will be comfortable in t}

ing at the same question in a bird that is more challe

albatross), we might have had problems. The sitability \, .

hugely variable, and must be given careful thought.
D

Boxes

We have aimed to produce a book that can be read from cover to cov-
er, and so have tried to keep unnecessary details out of the main text.
However, in areas where we feel that more details or more examples
will lead to a fuller understanding of a concept we have included sup-
plementary boxes.

Chapter outlines

Every chapter begins with an outline of the main points covered by
that chapter. These outlines should help you to prepare for what is
ahead. The outlines will also provide an easy way for you to dip in and
out of the book during subsequent readings.

Chapter summaries

Every chapter finishes with a summary of the most important points
covered in that chapter. By reading through this list you should be
able to reassure yourself that you have got everything out of the
chapter that you can, or go back and read again sections that are not
yet clear.

Ethical issues

We cannot overemphasize the importance of ethical issues when de-
signing studies involving living organisms (including humans) or ma-
terial derived from living organisms. In this new edition we highlight
sections of particular relevance to ethics by placing a symbol in the
margin at the appropriate point.

Flow chart

The exact process of designing an experiment will vary considerably
between studies. Nevertheless, there are key stages in the design
process that will apply to most, if not all, studies. The flow chart at the
end of this book is intended to summarize and guide you through the
main stages of designing an experiment. We have indicated at each
point in the chart the sections of the book that are most relevant.
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1.1 Why experiments need to be designed

When life sciences students see the phrase ‘experimental design’, it can either ease
them gently into a deep sleep or cause them to run away screaming. For many, experi-
mental design conjures up unhappy memories of mathematics or statistics lessons, and
is generally thought of as something difficult that should be left to statisticians. Wrong
on both counts! Designing simple but good experiments doesn't require difficult maths.
Instead, experimental design is more about common sense, biological insight, and care-
ful planning. Having said that, it does require a certain type of common sense, and there
are some basic rules. In this book, we hope to steer you towards thinking more effec-
tively about designing experiments.

Designing effective experiments needs thinking about biology more than it
does mathematical calculations.

So why are many life scientists so averse to thinking about design? Part of the reason
is probably that it is easy to think that time spent designing experiments would be better
spent actually doing experiments. After all, the argument goes, we are biologists so let's
concentrate on the biology and leave the statisticians to worry about the design and
analysis. This attitude has given rise to a number of myths that you can hear from the
greenest student or the dustiest professor.

Myth 1: It does not matter how you collect your data, there will always be a
statistical ‘fix’ that will allow you to analyse it.

It would be wonderfulif this was true, but it is not. There are a large number of statistical
tests out there, and this can lead to the false impression that there must be one for
every situation. However, all statistical tests make assumptions about your data that
must be met before the test can be meaningfully applied. Some of these assumptions
are very specific to the particular test. If you cannot meet these, there may be a substi-
tute test that assumes different characteristics of your data. But you may find that this
alternative test only allows you to use your data to answer a different scientific question



