
vii

contents

Preface ....................................................................................................................................................................... ix

Acknowledgements ................................................................................................................................................xiii

Part 1 Th inking about research

Chapter 1 Th e problem with people: variation and hypothesis testing ...................................................5

Chapter 2 Who will you study? samples and populations ....................................................................... 23

Chapter 3 How will you describe your fi ndings? ....................................................................................... 45

Chapter 4 What have you found? inferential statistics ............................................................................ 87

Part 2 Doing research

Chapter 5 Designing a study: running for the bus .................................................................................... 99

Chapter 6 Designing a study: the best way to manage people .............................................................. 115

Chapter 7 Practical: it’s a matter of taste .................................................................................................. 137

Chapter 8 Practical: abnormal cells on a slide – how people search for things .................................151

Chapter 9 Practical: constructing memories ............................................................................................161

Chapter 10 Practical: I’m trying to concentrate! .........................................................................................169

Chapter 11 Practical: what do you think? attitude research ....................................................................181

Chapter 12 Practical: something’s not right ............................................................................................... 193

Chapter 13 Practical: too many cooks or not enough heads? ................................................................. 199

Chapter 14 Practical: head size and intelligence ....................................................................................... 209

PROOF



viii  Contents

Part 3 Th e really useful section

Chapter 15 Th ink critically: don’t believe everything you read  ..............................................................219

Chapter 16 Sample write-ups ......................................................................................................................... 225

Glossary .................................................................................................................................................................. 231

Index ....................................................................................................................................................................... 253

PROOF



1

thinking 
about 
research

1part You are already thinking 
about research

thinking 
about 
research

Right at this moment you are reading the fi rst sentence of a book on 

how to do research with people. You can’t be doing this by accident. 

We defi nitely remember asking our publishers to write something 

on the cover to say that this book is all about doing research. You 

chose to ignore this warning, so you must already be thinking about 

research – well done!

Okay, so we’re being a bit silly here: it’s the fi rst book we’ve writ-

ten together and we’re a little giddy with the excitement. Bear with 

us, we’ll have calmed down in a few paragraphs.

Actually, though, in amongst all this nonsense we are trying to 

make quite a serious point: you might well think that reading this 
book is the fi rst step you have ever taken towards learning how to do research with 

people, but the truth is you have been thinking about how to study people all of your 

life. Pretty much from the moment you were born, you instinctively experimented with 

your caregivers to learn how they would react to various things you did – how else 

would you have learnt what is and is not acceptable in your culture? Today, every time 

you ask a question like ‘I wonder why some people are more popular than others’ or 

‘I wonder why people seem to get more aggressive when they drive a car,’ you are set-

ting up questions about people which could be addressed through systematic research. 

Indeed, if you put your mind to it, we are sure you would get at least part-way towards 

answering those questions right now.

And that is the point we wish to make: we are not about to teach you a completely 

new skill here. Instead, we are going to make you better at doing something you already 

know about, at least in part. Obviously we hope to teach you a lot of new information in 

this book. But we will also spend time taking rules and concepts that you already know 

in a fairly subconscious, intuitive sort of way, and making that knowledge more explicit. 

When you are properly aware of the ideas you already have about how research should 

be carried out, you can more easily use this knowledge when you conduct research 

yourself. You will also be better equipped to use other people’s research: you will be 

able to spot mistakes in the data you come across, to know what questions you need to 

ask when you hear about research in the news, and to know which studies you can trust 

and which you cannot trust when making decisions about your own life.
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2  Part 1 Th inking about research

Let us prove to you that you already know quite a lot about doing research with 

 people, even if you have never thought about it before. As it happens we are both ama-

teur pharmacologists and have worked away in our basements to produce a new drug 

called Holtodol. Holtodol not only makes you a great deal healthier and improves your 

memory, but also makes you more attractive to whichever gender it is you like to attract. 

Sounds good, doesn’t it? So if we were to off er you some Holtodol, would you take it?

How about this: would you take the drug if we had tested it on two people, both 

21-year-old men, for a week, and neither experienced any side-eff ects?

Would you take the drug if we had tested it on 10,000 people, with a mixture of 

men and women of various ages, for 10 years, and none of them experienced any side-

eff ects?

We strongly suspect you would feel happier taking Holtodol in the second situation. 

Th e reason for this is that you already know, at some level, that although the fi nding is 

exactly the same – no side-eff ects – this is much more convincing when it comes from a 

large, mixed sample of people over a long period of time than when it comes from just 

two people over a few days.

Let us give you another example, which illustrates some of the issues that arise when 

we deal with people’s feelings. Th ere are two hospitals near where we live. Each claims 

its employees have the best working conditions in the area. Obviously they can’t both 

be right, so we decide to put it to the test.

We take a member of staff  from each hospital. Specifi cally, from Hospital A we take 

Professor Margaret Pritt, the 56-year-old Head of Ophthalmology, and from hospital B 

we take David Fish, a 19-year-old car park attendant. We ask each of them how happy 

they are at work. David Fish says he is ‘really happy’ whereas Margaret Pritt says she is 

‘fairly happy’. We therefore conclude that Hospital B treats its employees better, and sug-

gest that Hospital A should change its working practices to be more like Hospital B.

Is this a fair conclusion? Should we really use this research to change policies through-

out Hospital A? We suspect that right now you are violently shaking your head, and quite 

possibly wondering if you still have the receipt for this book so you can return it.

Th e thing is, we spoke to only one person in each hospital – there’s every possibility 

we have chosen completely inappropriate people for our comparison. You can clearly 

see that the people we interviewed had very diff erent jobs: one was the head of a clin-

ical unit with decades of employment history and lots of responsibilities; her experience 

of work is likely to be totally diff erent to that of a worker not long out of school. And 

it isn’t just the diff erences in their jobs that might be a problem: David and Margaret 

are diff erent genders, and are at completely diff erent stages in their lives – middle-aged 

workers like Margaret could well be juggling their job with family responsibilities, which 

might aff ect their enjoyment of work. On the other hand, a younger worker like David 

might be aff ected by having less money and job security.

And all this is just the tip of the iceberg. Th ere are a huge number of other problems 

with the study we have just described. For example, simply asking people ‘how happy’ 

they are is too vague and subjective: it would have been better to ask several questions, 

each using more objective terms, such as ‘How often do you fi nd you simply cannot 
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Part 1 Th inking about research  3

face going to work?’. And is ‘happiness’ even the right thing to be measuring in a study 

of working conditions anyway?

So we are confi dent that when you read our description of the hospital study, you 

immediately felt there was something wrong with it, even if you could not put your 

fi nger on what exactly it was. Th is shows that, even when addressing a fairly complex 

question, you already have some knowledge of what is good and bad research. In the rest 

of this book we will be developing this knowledge and adding to it. What we will not be 

doing is teaching you something completely new.

What we are going to cover
Th e rest of Part 1 is going to lay some foundations before we get to the serious business 

of guiding you through how to plan and conduct research projects with people. We will 

start out by explaining the logic of how research works in Chapter 1, then Chapter 2 will 

look at the question of who will take part in your studies. Chapters 3 and 4 are an intro-

duction to what you might do with the data you collect when carrying out research: 

Chapter 3 looks at how you can describe data and Chapter 4 introduces the tests that 

are used to see whether what you see with the people you test can be generalized to 

other people.

PROOF
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chapter 1
the problem with 
people: variation 
and hypothesis 
testing

From time to time, everybody who carries out research with 
 people for a living wishes they worked with something a little 
 simpler and more predictable. Sleep-deprived exploding panthers, 
for example. Th e problem is that, whilst people can be fascinat-
ing and amazing things, they are also maddeningly inconsistent. A 
physicist studying pieces of copper doesn’t come in to work one day 
to fi nd their blocks of metal are suddenly behaving wildly because it 
is windy outside (this happens all the time when studying small chil-
dren). A biologist working with sheep doesn’t have to worry about 
them having hangovers if they are tested early on Monday morning 
(as happens with some students). An engineer hanging weights on a 
model bridge to see how it fl exes doesn’t need to make allowances for 
the bridge getting better at its task with practice (as you would).

Th e point is that when we are dealing with people, with their mem-
ories and social lives and moods and beliefs, we have to be aware that 
every observation we make is the end product of a million diff erent 
infl uences. Go and ask somebody what is their favourite colour. Done 
that? Okay, now think about the answer you received. Of course, 
the person you spoke to might simply have told you their favourite 
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6  Part 1 Th inking about research

colour. But what if you then learnt they had the colour vision defi cit 
known as protanopia, and so were not be able to tell red and green 
apart? Th is gives their answer a rather diff erent complexion, doesn’t 
it? And anyway, how can you be sure the answer you received is really 
that person’s favourite colour, and not just a colour other people have 
told them they should like (as when fi ve-year-old girls say ‘pink’)? 
Perhaps the person’s favourite colour was orange but they told you 
‘black’ because they wanted to appear moody and interesting. Th ey 
might have said the colour of your shirt, because they thought your 
question was stupid and just wanted to get rid of you. If they know 
you, they might have said your favourite colour because they wanted 
to reinforce your friendship. Th ey might have said ‘mauve’, simply 
because saying the word ‘mauve’ makes you smile (try it). Or they 
might have been tediously predictable and said ‘blue’.

Th e point is, all you have from that person is the name of a col-
our. Is it their favourite colour, as you requested? It might be, but 
there are so many possible infl uences on their response that you just 
can’t know that with any certainty. Th is means you can’t reach safe 
conclusions.

Ian: I’ve just spoken to Anna and I now know her favourite colour is sea-green.
Nigel:  Weird, because I’ve just spoken to Anna and I very much think you’ll fi nd her 

favourite colour is lilac.
Ian: Sea-green.
Nigel: Lilac!
Ian: SEA-GREEN!

And so on, until the fi sticuff s begin. When this sort of thing hap-
pens, how can we ever fi nd the correct answer?

One approach might be to anticipate all the various infl uences 
that could aff ect a person’s behaviour and deal with them in advance. 
So you could try to discover somebody’s real favourite colour by 
asking them a question like: ‘Disregarding your recent experiences, 
and what you think I might be expecting you to say, and what your 
mother told you was her favourite colour, and what you feel Society 
thinks you ought to say, and any colour you might be looking at right 
now (unless it actually is your favourite colour, in which case don’t 
disregard it), and the colour of your bedroom walls, and the colours 
of your toys when you were a child, and the magnifi cent mouthfeel 
of the word ‘mauve’1 … disregarding all that, what is your favourite 
colour?’ You could try that, but you’d still fail to get a reliable answer 

1 Th e colour mauve has an amazing history, and is pretty much responsible for the 
modern world as we know it. Seriously. We really recommend reading Garfi eld, S. 
(2000). Mauve: How One Man Invented a Colour that Changed the World. 
Faber & Faber.
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Chapter 1 Th e problem with people  7

because you didn’t realize that the person you are speaking to is a 
member of the Himba tribe from Namibia and so uses the same word 
to mean both ‘dark red’ and ‘dark blue’.2

Th is is all by way of saying that tremendous amounts of variation 
and complexity are the norm when studying people. People diff er from 
one another, and individuals diff er over time, and so you cannot just 
measure things simply as you would with blocks of copper or model 
bridges. Nor can you hope to deal with this issue by anticipating all 
the factors which might aff ect people’s responses, as we just attempted 
to, because, no matter how much you try to anticipate the infl uences 
on people’s behaviour, people will always fi nd a way to surprise you. 
Luckily, you do not need to do this, as procedures and techniques have 
evolved over the years to cope with people and their tricksy ways. Th ese 
procedures and techniques are what this book is all about.

Most of the techniques we will cover involve testing groups of 
people rather than individuals. Th is helps you look past any individ-
ual quirks to reveal information about people in general (remember 
how you were happier with a drug tested on 10,000 people rather 
than two?). Th ese techniques also tend to rely on using statistical 
analyses at the end of your data collection, to assess how well your 
choice of groups has worked. Th is last bit scares many people, but we 
promise we will make it very easy for you by making sure you under-
stand what the statistics are for, rather than the intimate details of 
how they are calculated.

What we hope most of all is that by showing you the diffi  culties 
inherent in studying people, and how these can be overcome through 
good planning and design, human research can be a thing of beauty. 
And we mean that seriously. You will know when you have really 
grasped the issues involved in human testing by your emotional 
responses: reading about an ingeniously designed study which con-
clusively answers a diffi  cult question will give you a rush of excite-
ment, like hearing a great piece of music; seeing a badly designed 
study will make your nose wrinkle in disgust. Th e fi rst time you fi nd 
yourself squirming as you hear somebody describe a study in which 
they neglected to use a control group, take comfort from the fact you 
have at last developed the instincts of a great human researcher.

Good. Can I start doing research now?
Not just yet. Before you can do any research you need to make sure 
you know what question you are trying to answer, and this can take 

2 For more on the Himba and their descriptions of colour, see Adelson, R. (2005). 
Hues and Views. APA Monitor on Psychology, 36, 26.
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8  Part 1 Th inking about research

more than one form. First, there is always a basic, straightforward 
question you are trying to answer, known as your research ques-
tion. ‘Do radar operators work better when they drink coff ee?’ and 
‘Do environmental issues aff ect people’s decisions about how they 
travel?’ are both examples of research questions.

It is very simple to decide what your research question is. Let’s 
assume for a moment you come from a business management back-
ground and are interested in whether people who work for small 
companies feel more loyalty to their employers than people who 
work for large companies. In this case, your research question would 
simply be something like ‘Do people who work for small companies 
feel more loyalty to their employers than people who work for large 
companies?’ Alternatively, if you come from a medical background 
and are interested in whether people with gout feel better after tak-
ing Holtodol, your research question would be something like ‘Do 
people with gout feel better after taking Holtodol?’

Th e research question is not a particularly diffi  cult concept to grasp, 
we hope you will agree. It is simply a direct question you would like to 
have answered, and it often takes the form of a yes/no question (although 
it can also take other forms, such as ‘What proportion of Holtodol users 
are aware they are treating their gout with a fi ctitious drug?’).

It is a very good idea always to be clear about what your research 
question is, as this can really help keep your work organized. We 
have supervised quite a lot of students over the years who have come 
to us feeling overwhelmed by their research projects – a very com-
mon experience when people fi rst have to design and conduct a sub-
stantial study on their own, especially in the Dark Ages before this 
book existed. In particular, we have heard many students say things 
like ‘I’ve got so much material and I don’t know what is relevant and 
what is not!’ In almost every case, their problem was that, although 
they generally knew what they wanted to study, they did not have 
a clear research question. Th e solution was for them to take a step 
backwards (not literally – our offi  ces aren’t big enough for people to 
walk around in) and to write down, in a single sentence, the question 
they wanted to answer with their study. Once the research question 
was totally clear, and preferably written down somewhere promin-
ent where it could be consulted regularly, problems of organization 
disappeared. Is the paragraph you’ve just written necessary for your 
report? Look at the research question – it’ll probably tell you.

But, although a clear research question is terribly useful for organ-
izing yourself, it is sadly not enough on its own for you to conduct 
research. For reasons we will explain in a moment, you cannot actu-
ally test your research question, no matter how hard you try. Instead, 
you must use the research question to generate something else, 
something which will let you do some testing: a hypothesis.
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Chapter 1 Th e problem with people  9

3 To be pedantic about our pedantry, this sort of study can be called a naturalistic 
experiment.

Finding robust fi ndings
Research with people generally takes one of two forms. First, research 
is sometimes purely exploratory. If you are the fi rst person to investi-
gate a new area, you generally just dive in and, using little more than 
educated guesses to guide you, start collecting data.

Imagine you were to discover tomorrow that trees can talk. Th is 
would be a totally new discovery. Your fi rst action wouldn’t be to go 
indoors and construct a careful research programme before doing 
anything else. No, the fi rst thing you would do is ask a tree some 
questions! You would try to build some sort of understanding about 

EXPERIMENTS, 
STUDIES AND 
INVESTIGATIONS

pedant point Th e process 
of carrying 

out research can go by various names: you might 
refer to conducting a ‘study’, an ‘analysis’, an ‘experi-
ment’, a ‘project’, an ‘investigation’ and so on. Most of 
these terms are interchangeable: there is no diff erence 
between saying ‘I am carrying out an investigation 
of reindeer antlers’ and ‘I am carrying out a study on 
reindeer antlers.’

Th e one term 
that is reserved, 
and not synon-
ymous with the 
rest, is ‘experiment’. 
Th is is because an 
‘experiment’ is a 
very specifi c type 
of study/investigation/project in which you make a 
change to some aspect of the world, whilst holding 
everything else constant, and look at the eff ects of 
that change.

It would be an experiment if you took a large num-
ber of people who had never ridden a unicycle, gave 
half of them unicycle lessons and half of them no uni-
cycle lessons, and then looked at whether the group 
which had the lessons were better unicyclists. Subject 
to a few assumptions which we will explore later, this 
is a genuine experiment as the only thing that varied 
between the two groups of people is that one group 
had lessons and the other group did not – everything 
else was constant. If you found there was a diff erence 

in unicycling ability between the two groups of 
 people at the end of the procedure, you would be 
able to know with some certainty that it was caused 
by the lessons, as in every other sense the two groups 
were the same. Th is is an experiment, and it lets you 
make strong conclusions about cause and eff ect.

If, on the other hand, you asked some people how 
they felt about unicycling, this would be a study of 

unicycling, but it would 
not be an experiment. 
It would not be an 
experiment because 
you did not manipulate, 
or change, anything. It 
still would not be an 
experiment if you 
compared two groups 

of people – say a group of circus performers with a 
group of police offi  cers – on their unicycling abilities. 
Th is is still not a true experiment because you have 
not caused the diff erence between the groups; it is 
simply a naturally occurring diff erence.3

It is quite common for people to mix up their 
terms and say ‘experiment’ when really they mean 
‘study’, and to be frank we can’t rule out the possi-
bility that we’ll do it before this book is fi nished. But 
we always try to reserve the word ‘experiment’ for 
situations where there is a true experimental manipula-
tion and to use the word ‘study’ when we are talking in 
general terms. It is good practice to get used to doing 
this too.
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10  Part 1 Th inking about research

your new discovery as quickly as possible in order that you could lay 
the foundations for later, more systematic research. Th is is explora-
tory research.

But most research is not like this. Instead, most research studies 
are in established areas. Some of this research tries to fi nd answers to 
specifi c research questions like ‘is poverty linked to crime?’ and ‘does 
eating saturated fat increase the risk of coronary disease?’ Other 
research goes further to look at the mechanisms behind phenom-
ena. For example, once you’ve found there is a relationship between 
poverty and crime, you might ask the question ‘exactly how does pov-
erty infl uence crime?’ For now, we will focus on situations where you 
want to answer a particular research question rather than explore a 
brand new phenomenon.

When you carry out research to answer a specifi c research ques-
tion, you really want to produce fi ndings that are robust. Th is simply 
means that when you reach a conclusion at the end of your work, it 
is trustworthy. With a robust conclusion, nobody can come along 
afterwards and show that your conclusion is unreliable.

A lack of robustness was the problem we encountered when ask-
ing people about their favourite colours. After you asked someone 
their favourite colour, your conclusion was not robust because it was 
entirely possible for somebody to come along and contradict you, or 
to show that your method was faulty. If this happened, and some-
body pointed out that your conclusion was unreliable, what response 
would you have other than insults and name-calling? Th at’s the prob-
lem with conclusions that are not robust – they lead to undignifi ed 
science.

Seeing into the future
So the conclusions you reach when you do research should be robust. 
But this alone is not enough, because you also want your conclusions 
to be general statements about the world. In other words, you want 
your conclusions to apply to new situations or people, not just the 
situation or the people you studied. For example, let’s say you carry 
out a study to see whether a certain food additive aff ects children’s 
behaviour. At the end of this study you will almost certainly want to 
be able to say something about how this food additive aff ects chil-
dren in general, probably including children who have not yet been 
born. It would be pretty pointless if you could only make statements 
about the small specifi c group of kids that you studied.

What we are suggesting, then, is that doing research is an attempt 
to predict the future. We research things so that we can understand 
them, and when we understand something we can make statements 
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Chapter 1 Th e problem with people  11

about what is likely to happen in the future and why it is likely to 
happen. Consider this: what would happen if you set fi re to this book 
right now?4 Th is is something you have never done before, but you 
can almost certainly predict what would happen if you did it. Th e 
reason you can predict what would happen is that you have a good 
understanding of the various factors involved – fi re, paper, the place 
you are reading, and so on. If you knew nothing about fi re and how it 
behaves, you would not be able to make this prediction about some-
thing that has not yet happened.

Th is idea that research is an attempt to predict the future can be 
seen in all fi elds. If we are testing a new drug to see if it is safe, we are 
doing this because we want to know what will happen when people use 
it after our study is over – this is predicting the future. If we are look-
ing at whether a new management technique improves workers’ prod-
uctivity, we want to know if it will work for people and in organizations 
we have not specifi cally tested it on – this is predicting the future.

Of course, humans have been trying to predict the future for thou-
sands of years. In ancient Rome there was a type of priest known as 
an Augur, whose job it was to look at how birds were fl ying through 
the air and to use this information to decide whether the emperor’s 
plans would be successful or not. (Th e ‘birds’ usually said the inbred 
sword-wielding psychopath was a genius and his plans couldn’t pos-
sibly go wrong.)

Now you probably don’t need us to tell you that if your attempts 
to predict the future are based around watching blackbirds, you will 
struggle to produce robust conclusions about what will happen tomor-
row. But in a more subtle way, researchers had the same diffi  culty 
reaching reliable conclusions about people right up into the twentieth 
century. Th ey would identify a research question and make observa-
tions to test it, only to fi nd their conclusions were questioned later and 
there was nothing they could say to prove their fi ndings were valid.

For example, a researcher might study a group of households and 
say ‘I have seen evidence of greater intelligence in children who eat 
lots of fi sh.’ But if another researcher came along afterwards and said 
‘I too looked at children who ate lots of fi sh and found no evidence 
of their being more intelligent,’ the two researchers had no good way 
to establish who was correct. Each had a diff erent idea about what 
would happen in the future to children who ate a lot of fi sh. As often 
as not the winner of the debate would be the one with the most force-
ful personality or, frequently, the biggest beard.

In the 1920s, the statistician Ronald Fisher, himself no stranger 
to facial hair, looked for a way to make research more robust, to deal 
with this problem. In doing so he gave us a new method to guide our 

4 Do not set fi re to this book!
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12  Part 1 Th inking about research

studies. His solution has come to be called null hypothesis testing, 
and it can be a slightly tricky concept to understand the fi rst time 
you encounter it. However, the logic behind null hypothesis test-
ing has transformed research, giving scientists a method for doing 
studies which produce robust fi ndings unlikely to be questioned. 
As such, an understanding of how it works is important, so let us 
explain it by guiding you through a quick study. And, not lacking 
ambition, we are going to do our study on quite a big question: does 
gravity work?

Null hypothesis testing: gravity on trial
Pick up an object – nothing too fragile or valuable, please! – hold it 
up in the air and then let it go.

Did it fall down?
If not, kindly close this book and resume the demonstration when 

you have returned from orbit. If the object did fall down, it looks as 
though gravity is working. Excellent.

But the thing is, as researchers it is not enough for us to say ‘it 
looks as though ...’ After all, from here it looks as though the sun 
rotates around the earth and it looks as though cows prevent fi elds 
from fl oating away by standing on them. Instead, we want to be cer-
tain about things.5 So looking at the world and saying ‘it looks as 
though ...’ is an easy way to make mistakes, and, in research, mistakes 
matter. Th ose of you reading this book towards a qualifi cation will 
get bad grades if you carry out poor research; those of you who will 
do research for a living could damage your professional reputations. 
And those of you in biomedical fi elds could easily one day carry out 
research where a mistake would kill people. So let’s get away from ‘it 
looks as though ...’ and let’s try to be more certain: pick up your object 
and drop it again.

Assuming it fell down once more, we now have two falls in a 
row and are getting a picture of how gravity works: objects that 
are not supported fall until they rest on something. But here is 
the key question: how many times would you have to drop your 
object and see it fall before you were certain this is how gravity 
works? Please decide on an answer to this question before reading 
further.

Unless you decided ‘infi nity’ or something similar, you were 
wrong. Let us show you why.

5 Or rather, as we will see later, we want to know exactly how uncertain we are 
about them.
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Chapter 1 Th e problem with people  13

If you pick any number – a billion, say – and drop the object that 
number of times, you will still not be certain about what gravity will 
do in the future. After dropping the object a billion times, you still 
cannot know, with 100% certainty, what will happen the next time. 
If we were to tell you that gravity makes objects fall down almost 
every time you drop them, but that just occasionally, instead of fall-
ing down, objects turn into winged badgers and fl y away, well … you 
cannot know we are wrong.

You could, of course, test our suggestion by dropping the object 
once more, but the problem is still there: you have now shown the 
object falls the fi rst billion-and-one times it is dropped, but you 
still cannot be certain what will happen the one-billion-and-second 
time it is dropped, because you have not yet seen it happen. Just as 
‘tomorrow’ never arrives, ‘the next time it is dropped’ will never 
arrive for your object. Every time you test your object’s behaviour 
again, a new, unseen ‘next time’ immediately comes into existence 
and you can do nothing to prove we are wrong if we continue to 
insist that at some point your object will turn into a badger. You 
do not have the ability to predict the future with certainty, as you 
would like.

Enough badgers – could we possibly 
have an example involving some pens 
in a box now, please?

But of course. We have a box with two pens inside – the two pens 
are identical in size, shape and weight, but one of them is blue and 
the other is red. We hope you can imagine somebody reaching into 
this box three times without looking and picking the red pen on 
each occasion (obviously they put the pen back after each attempt). 
Picking the red pen three times in a row wouldn’t be a particularly 
unusual event – it would happen, typically, to one out of every eight 
people who reached into the box three times.

If you can imagine somebody reaching into the box three times 
and picking the red pen on each occasion, can you also imagine 
somebody reaching into the box four times and getting the red pen 
every time? If that is harder to picture, think of it this way: it is 
exactly the same event you imagined a moment ago, followed by the 
person reaching into the box one more time and getting the red pen 
again. Getting the red pen fi ve times in a row is exactly the same as 
that, just with one more red pen at the end. And so on.

We realize we are now getting dangerously close to the sort of 
tedious statistical thought-experiment we didn’t want in our lovely 
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user-friendly book,6 so let’s get to the point: although we haven’t met 
them all, we are reliably informed that there are now several billion 
people in the world. If a billion people each reached into our box 
20 times, we would expect nearly 1,000 of them to select the red pen 
20 times in a row. Selecting the red pen 20 times in a row, when there 
is also a blue pen inside the box, is something that could happen. 
Th at is what we are saying.

Now imagine we off ered the box to you. We tell you, ‘Th is box has 
a red pen and a blue pen inside.’ How would you check our claim? 
You reach into the box and feel that there are indeed two pens inside. 
But, because you know we are nasty academics with a strange sense 
of humour, you immediately worry that we are tricking you and that 
both the pens are the same colour! You need some way of testing our 
claim that there are both a red pen and a blue pen in the box. You 
notice we have deviously designed the box so that you cannot see 
inside and so the only option open to you is to pull a pen out. You do 
so: it is, unsurprisingly, red.

Having seen a red pen come out of the box, you replace it and carry 
on testing our claim, pulling a pen out of the box over and over, until 
you have done it 20 times. Th e pen is red on every occasion. Now, we 
claimed there were a red pen and a blue pen in the box. What could 
you say for certain about our claim at the end of your experiment? 
You would agree with the fi rst part of our claim: there is defi nitely a 
red pen in there – you have a frankly tedious amount of evidence for 
this. But what about the second part of our claim, that there is also a 
blue pen? Can you say it is true? No, because you haven’t seen it. Can 
you say it is false? Again no, because it might be in there and you have 
just been unlucky in not picking it on any of your attempts – you 
might happen to be one of those 1,000 people out of every billion 
who get the red pen 20 times in a row. Th e fact is, you can say nothing 
defi nite about whether or not the blue pen exists at this stage. Sure, 
you can say you believe there is no blue pen in the box, but you have 
no way of knowing for certain that it will not appear the next time 
you reach into the box.

Th is principle is really important when we do research with  people. 
Let’s return to the idea of testing a new drug to decide if it is safe. 
In fact, let’s say you are testing the specifi c research question ‘Does 
Holtodol cause side-eff ects in users?’ You fi nd a willing volunteer, 
give them a big dose of Holtodol and fi nd they are fi ne afterwards. Do 
you therefore conclude ‘No, Holtodol does not cause side-eff ects’?

We suspect that after testing just one person you would not be 
happy coming to this conclusion and would want to see more data. 
Good for you!

6 Consider yourself lucky we’re not yet talking about tossing coins.
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So let’s say you give the drug to 1,000 people – or even 10,000 – and 
still fi nd no side-eff ects. Can you put your hand on your heart and say 
the answer is ‘No, there are no side eff ects, Holtodol is 100% safe, it 
never produces side-eff ects and I would be happy for my mother to 
take it right now’?

We hope by now you would not be able to say this without some 
feelings of doubt, even if they are only small ones. We hope you see 
that, no matter how many people you test, there is always a possi-
bility, however slight, that Holtodol is dangerous to some people 
and that you have, through a quirk of chance, met only people who 
are unaff ected by it. Th e next person might be diff erent. And just as 
tomorrow never arrives, nor does the ‘next person’.

But this isn’t satisfactory at all: it looks as though we can test an idea 
over and over and over but still never know anything for certain! And 
this is just what Fisher realized: as long as we go on testing the idea 
that we will see something happen, but not seeing it, there is always a 
‘next time’ or a ‘next person’ which could change everything.

Null hypothesis testing
Fisher’s ingenious solution to this dilemma was subtly to change the 
questions we ask when we do research. Realizing that we can test 
ideas over and over without ever reaching a defi nite conclusion, he 
suggested we test the opposite idea instead.

Original idea: on earth, gravity makes unsupported objects fall
New idea: on earth, gravity does not make unsupported objects fall

So instead of predicting that something happens, we predict that 
something does not happen. Th is probably sounds fairly trivial, but 
it is really a big diff erence. Ask yourself this: how many times would 
you have to drop your object to test this new idea that gravity does 
not make things fall? Again, decide on an answer before reading 
further.

Th e answer is almost certainly ‘one’. Go on, try it: drop the object 
again. If it fell down then you have conclusively, absolutely, indubit-
ably and forever demolished the idea that objects do not fall when you 
let them go, and you have done this with only a single test. When we 
test the idea that an event will not happen, research becomes much 
easier. If you give an event a fair opportunity to happen and it does 
not, then your claim that it doesn’t happen is probably true; if the 
event does happen, even once, you know for certain that your claim 
is false. Either way it’s good.

And this is the basis of all research. We start with an idea we are 
interested in, which as we have seen is called the research question.
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Step 1. Research question: Do dogs eat bananas?

Based on this, we derive an experimental hypothesis, which is a 
specifi c prediction that something will happen.

Step 2. Experimental hypothesis: We will see a dog eat a banana.

But this is not entirely suitable for research. If we see a dog eat a banana 
than we have an answer to our research question. But if we go our whole 
lives watching dogs and never see one eat a banana, we learn nothing for 
certain. For all we know, dogs eat bananas a lot, but only when nobody 
is watching. Or perhaps they eat bananas only in the dark, or perhaps it 
is only dogs in Chad who eat them. Or perhaps they do eat bananas, but 
only a diff erent variety of banana than those we are using in our study. 
We therefore don’t bother with this idea and come up with something 
else to test, as Fisher suggested. We test the opposite of the experimen-
tal hypothesis, the idea that nothing is happening … 

Step 3. Null hypothesis: We will not see a dog eat a banana.

You only need to see one dog eat a banana to know for sure that 
this null hypothesis is false. Th is then gives you an answer to your 
research question (yes, dogs eat bananas). If, on the other hand, des-
pite your giving dogs ample opportunity to eat a banana in front of 
you, this does not happen, your null hypothesis is probably correct 
and you again have an answer to your research question (no, dogs 
seem not to eat bananas).

pedant point During our last 
bit of pedantry 

we said the word ‘experiment’ had a very specifi c 
meaning and could only be used to describe studies 
in which we manipulate one aspect of the world and 
look at the eff ects of doing so, as a way of establishing 
cause and eff ect.

It is therefore 
a little confusing 
that we use 
the term 
‘experimental 
hypothesis’ 
to describe 
any specifi c prediction, even if the study we are 
conducting isn’t a true experiment. Th is is a fair point, 
and in our defence we have to say that these are not 
our terms. If it helps, you might want to use the more 
technical terms, which are ‘H

1
’ for the experimental 

hypothesis and ‘H0
’ for the null hypothesis. Or you 

might favour the term ‘alternative hypothesis’, which 
you will fi nd used in some sources. Th e problem with 
the term ‘alternative hypothesis’ is that, although it 
makes a lot of sense if you are approaching hypothesis 
testing from a statistician’s perspective, it doesn’t 

make much sense if you are 
learning about hypothesis 
testing from the applied 
approach we are using 
here: as we have shown, 
this hypothesis is always 
developed before the null 
hypothesis, so it seems odd to 

call it the alternative.
Oh, and whilst we’re here being pedantic, 

can we point out that it is ‘one hypothesis’ 
and ‘two hypotheses’? You already knew that? 
Excellent.

EXPERIMENTAL 
HYPOTHESES

PROOF



Chapter 1 Th e problem with people  17

Null hypothesis testing made as 
non-threatening as possible through 
the use of pasta sauces

(If you feel you have already understood null hypothesis testing, feel 
free to snort derisively right now and jump straight to the fi nal sec-
tion below, entitled ‘A last point’.)

At this stage you would be forgiven for thinking this has all been 
really quite complicated – and it’s only chapter 1! Don’t worry: null 
hypotheses are the most diffi  cult thing in this whole book and we 
defi nitely do not expect you to have grasped every aspect of this in a 
single reading – we are expecting that you will come back and read 
the material above a few more times as you work through the rest of 
the book. And it is only when you start to design studies of your own 
that it will start to become second nature to you.

Having said this, before we move on we would like to try and 
cement the concept in your mind just a little bit more. To do this, we 
will talk you through the sorts of thought processes we would use 
when we select the hypothesis for a study. Th is should illustrate what 
goes on with research questions and hypothesis testing when plan-
ning research for real.

Nigel: I’m cooking pasta tonight.
Ian: Nice.
Nigel: Yes, so I’m off  into town to get some tomatoes for the sauce.
Ian: Why would you do that? Tomatoes are vile!

pedant point Here in Britain 
where, being 

British, we live, people use American English spellings 
when discussing computers and British English spell-
ings for everything else. So when we Brits come across 
a word like disk, we feel a warm glow of smugness 
from knowing it must refer 
to part of a computer as it 
would be spelt disc other-
wise. We can only imagine 
the hilarity that regularly 
ensues in Delaware when 
people ask for computer peripherals and get given 
brake parts. Or something.

Unfortunately, we don’t fi nd this sort of helpful 
clarity with the word ‘billion’. Just to clear this up, there 

are two meanings of the word ‘billion’. Th e US version 
is 1,000,000,000, or a thousand millions, and the British 
version is 1,000,000,000,000, or a million millions. Sadly 
the million-millions sense of the word is rapidly disap-
pearing, and so we have reluctantly used ‘billion’ in the 
US sense in this book.

Our reluctance stems not from 
a dislike of US English, as any nation 
capable of inventing the phrase ‘no-
brainer’ is all right with us. Rather, 
we feel the international shift to the 
US meaning of ‘billion’ is unfortu-

nate because we had a perfectly good word already 
for one thousand millions, which was ‘milliard’. This 
is a truly magnificent word and we are sorry to see 
it die.

BILLIONS
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Nigel: You philistine! Tomatoes rock. Tomatoes rock the hardest.
Ian: Please tell me you’re joking.
Nigel: You’re just weird about vegetables.
Ian: Fruits.
Nigel: You know what I mean.
Ian:  Th ere’s no way you should be making a tomato sauce for your pasta when 

you could make a cheese sauce instead. Cheese sauce is far better. Why 
else is cheese sauce so much more popular? Th at is a fact, my friend: a cold, 
hard fact.

Nigel: I don’t –
Ian: Faaaaaaact.
Nigel:  Th at is so not a fact! You just made it up. If anything, there’s no diff erence. It 

just happens I’m having tomato sauce tonight, but they’re both equally good 
sauces and they’re both equally popular.7

Ian:  Oh yes? Well let’s settle this – with science!
Nigel:  Right. So what’s our research question? I suppose it’s going to be something 

like ‘Is one sauce more popular than the other?’
Ian:  Yes, which means the hypothesis we’ll test will be something like ‘One sauce 

will be chosen more often than the other’.
Nigel: Right, let’s get to work.
Ian:  No, hold on: we’re not there yet. We can’t test that hypothesis. Th ink about 

it: suppose we speak to forty people and the majority prefer tomato sauce, 
that doesn’t answer our research question. For all we know, if we tested forty 
more people the majority of those would prefer cheese and cancel out our 
original fi nding.

Nigel:  Fine, so we won’t test forty people – we’ll test a hundred if it makes you 
happy. Th at way we’ve got both lots of people you’ve just described and a few 
more as well.

Ian:  No, that’s still no good. Even if we test one hundred people, that still won’t 
tell us whether the sauces are equally popular or not. For all we know the 
next hundred might be totally diff erent to that hundred, and we’ve no way of 
knowing that without testing them as well.

Nigel:  So we do that. In fact, let’s test a million people!
Ian:  Still no good. Even if we ignore the fact it’s practically impossible to test that 

many people, it still doesn’t let us make a decision about our hypothesis. If 
we test a million people, we still can’t be sure one sauce is more popular than 
the other. Th e next million could be diff erent. Th e only way we could ever 
know for sure would be to test every person on the planet all at the same 
time. Th is is getting us nowhere.

Nigel: So what do we do?
Ian:  We need to stop trying to test that experimental hypothesis. What we need 

to do is use it to create a null hypothesis. Instead of testing the idea ‘One 

7 You’re probably thinking this is all invented for the sake of your education, but tra-
gically we have this conversation about once a month.
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sauce will be chosen more often than the other’ we need to test the idea that 
there’s nothing happening: we test the idea there is no preference. We use a 
null hypothesis like ‘Th ere will be no diff erence in how often cheese sauce 
and tomato sauce are chosen’.

Nigel:  Yes, that’ll work. We test a reasonable number of people, which will give any 
preference a chance to show itself. If we still don’t see a preference then we’ll 
accept our null hypothesis that there isn’t one. But if we do see a preference 
we’ll reject our null hypothesis and accept our other hypothesis, which was 
‘One sauce will be chosen more than the other’.

Ian: Either way, we can settle on one of the hypotheses as a conclusion.
Nigel: Hoorah!

You might remember that at the top of this section we told people who 
were already happy with the concept of null hypothesis testing to skip 
on to the next section. So whilst those insuff erable  know-it-alls aren’t 
looking, we would like to share a snippet of information with you 
more assiduous readers, which is this: because the null hypothesis 
is always simply suggesting you will not fi nd an eff ect, it is very com-
mon for people not to bother even stating it when they write about 
their research. So if you see somebody say ‘We tested the hypothesis 
that soldiers run faster than civilians,’ what they mean is they tested 
the null hypothesis that there was no diff erence in running speed 
between soldiers and civilians. If you see somebody say ‘My hypoth-
esis was that the longer people spent studying, the better their exam 
score would be,’ what they are telling you is that they tested the null 
hypothesis that there was no relationship between study time and 
exam score. Even if somebody doesn’t mention it, they did test a null 
hypothesis. It’s just that sometimes you have to work out what it was 
for yourself.

A last point
Null hypothesis testing is a really important aspect of how we carry 
out research. It provides a method which most researchers agree 
allows us to obtain robust fi ndings. We’ve guided you through some 
examples to show where this procedure came from and how it is used, 
but, as often happens in life, this is a concept which you can grasp 
in more than one way, and diff erent people prefer diff erent explan-
ations. So to fi nish we would like briefl y to sum up null hypothesis 
testing in a slightly diff erent manner. If our explanation so far hasn’t 
worked for you, perhaps this will make it clear.

Let’s consider a question for which you have no evidence one 
way or the other. We are working together in a room right now, and 
we would like to ask you this: ‘Is there a cat in this room with us?’ 
What would you say, given that you cannot see us? Th ere are two 
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possibilities here: either there is a cat or there is not. Without any 
evidence one way or the other, which would you choose?

Many people in this situation, having to choose one situation over 
the other with no evidence at all, would choose the simplest option. 
Keeping things simple is generally a really good idea – something 
we’ll say a lot more about soon. In this case, it is much simpler to 
assume there is no cat. A room, when it is built, does not have a cat 
in it. It is not the natural state of a room to contain a cat and extra 
eff ort has to be made to get a cat into a room, so it is clearly sim-
pler to assume there is no cat. (You may have heard this described 
as ‘Occam’s Razor’. Th is is the idea that, when you have to choose 
between options and have no reason to favour any one option, you 
should always choose the simplest option. Th e principle gets its name 
from a mediaeval English monk called William of Occam who fi rst 
described it.)

In research, the null hypothesis always states that nothing is 
going on – there is no relationship between two measures; giving 
 people a new drug won’t aff ect them; there is no cat in the room. Th e 
null hypothesis, then, always represents the simplest explanation. 
We need a good reason to abandon it in favour of a more complex 
explanation.

As we will see in later chapters, when we study a research ques-
tion we collect evidence. It is only when that evidence clearly points 
towards a more complex explanation that we abandon our nice sim-
ple null hypothesis. It is for this reason that we focus on the null 
hypothesis, and describe research as testing it – deciding whether to 
keep it or reject it. See Box 1.1 for a little more on the types of hypoth-
eses you might choose.

(Th ere was no cat in the room, by the way.)

PROOF



Chapter 1 Th e problem with people  21

Test yourself
Here are some experimental hypotheses. For each, decide if it is one- 
or two-tailed. Remember: a two-tailed hypothesis predicts there will 
be an eff ect and a one-tailed hypothesis predicts exactly what the 
eff ect will be. Th e answers are just below.

People from Chile will be less patriotic than people from 1. 
Argentina.
Eating sugar will lead to changes in people’s moods.2. 
People who swim regularly will have more supple limbs than 3. 
people who run regularly.
Boys and girls attending school have different numbers of friends.4. 

Now here are some research questions. For each, what would be the 
experimental hypothesis and what would be the null hypothesis if 
you were carrying out a study? Also, for each experimental hypoth-
esis you produce, is it one- or two-tailed?

Do left-handed people write at a different speed from right-handed 1. 
people?
Does eating cheese in the evening give people nightmares?2. 
Does learning to ride a motorcycle make people more alert to road 3. 
dangers?

Box 1.1 One- and two-tailed hypotheses

You will almost certainly encounter the terms ‘one-tailed hypothesis’ and ‘two-tailed hypothesis’. Th ese 
are slightly odd names, and refer to the shape of certain graphs which we won’t go into here. However, 
their meaning is very simple.

A two-tailed hypothesis predicts that there will be an eff ect in your data

A one-tailed hypothesis predicts that there will be an eff ect in your data, and says what that eff ect 
will be

So, for example, consider these two hypotheses:
1. Women will drive better than men
2. Th ere will be a diff erence in how men and women drive

Th e fi rst hypothesis is more specifi c: it predicts an eff ect and says specifi cally what that eff ect will be; 
the second hypothesis simply predicts an eff ect. We call the fi rst a one-tailed hypothesis and we call the 
second a two-tailed hypothesis. It is called ‘two-tailed’ because the eff ect can go either way – women 
could be better drivers than men or men could be better drivers than women.

est
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Answers

One-tailed: we predicted a difference and said exactly what it would be.1. 
Two-tailed: we predicted a difference but didn’t say which direction it would go in – sugar 2. 
could improve or impair mood.
One-tailed.3. 
Two-tailed. 4. 

Research questions
For each of these, your wording might be slightly diff erent to ours, 
but make sure you have said the same general thing we have. In par-
ticular, it is quite possible that you have generated one-tailed hypoth-
eses where we used two-tailed, and vice-versa.

Experimental hypothesis: There will be a difference in how fast left- and right-handed people 1. 
write. Null hypothesis, which will be tested: There will be no difference in how fast left-and 
right-handed people write. Here we’ve produced a two-tailed experimental hypothesis – we’ve 
predicted a difference but not said which way round it will be.
Experimental hypothesis: People who eat cheese in the evening will experience more nightmares 2. 
than people who do not eat cheese in the evening. Null hypothesis, which will be tested: There 
will be no difference in how many nightmares will be experienced by people who eat cheese in 
the evening and people who do not eat cheese in the evening. Here we’ve produced a one-tailed 
hypothesis – we’ve not only predicted a difference but we’ve also predicted exactly which group 
will experience more nightmares.
There are actually two approaches to this one, depending on whether you design a study 3. 
comparing motorcyclists with non-motorcyclists, or whether you design a study which teaches 
people to ride a motorcycle. The fact you can study the same question in more than one way is 
a theme we’ll say a lot more about.

 a.  Experimental hypothesis: Motorcyclists will perform better in a road danger test than 
equivalent non-motorcyclists. Null hypothesis: There will be no difference between 
motorcyclists and non-motorcyclists in the road danger test. Here we’ve used a one-tailed 
hypothesis.

 b.  Experimental hypothesis: Learning to ride a motorcycle will increase people’s scores on 
a road danger test. Null hypothesis: There will be no change in people’s scores on a road 
danger test when they learn to ride a motorcycle. Here we’ve used a one-tailed hypothesis – 
the two-tailed version would predict a change in test scores instead of an increase.

ns

es
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