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Preface

Getting the most out of this book

We write this section with some uncertainty since we rarely read a preface in
a book and wonder if anyone is going to read what we’ve written here. None-
theless, there are several important things we need to explain to you to enable
you to get the best out of this book and its Online Resource Centre, so we’d
encourage you to take a few moments to read on.

Who should read this book?

This book is primarily written for undergraduates who wish to develop their
understanding of designing, carrying out, and reporting research. We antici-
pate that graduates, although familiar with most of this material, will find
this book and its Online Resource Centre to be a useful reference too. We
have therefore used examples almost entirely drawn from real undergraduate
and some graduate research projects. We are indebted to all our students who
have allowed us to use their ideas and data in this book.

Content

The content is designed to take you through all the steps you need to follow
when choosing, planning, evaluating and reporting undergraduate research.
The content is therefore laid out in a number of sections:

How to choose a suitable topic for undergraduate research (Appendix a)
Section 1: Planning an experiment (Chapters 1 —4)
Section 2: Handling your data (Chapters 5 — 10)

Section 3: Reporting your results (Chapter 11).

In addition, in the appendices, we have included an explanation of the
mathematical processes used in the chapters (Appendix e), a decision web to
help you plan your research (Appendix b), and a summary of the information
you need to choose the correct statistical test to test hypotheses (Appendix
).

There is a close and essential link between planning research and under-
standing how statistics fit into this process. We have demonstrated these links
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in Section 1 by cross references to content in Section 2. In Section 2 we have
included an overview at the end of each chapter on statistics explaining how
this relates to experimental design.

Getting started

You may be coming to this book with very little in the way of training in
maths. If you do not know how to calculate this sum (4 3)%/2, or if you do not
recognize the symbols < or >, then we suggest you first look at Appendix e
and the additional examples on the Online Resource Centre.

You may wish to analyse data you have gathered from an experiment car-
ried out in your course. For this we suggest you start with Appendix c. which
will then direct you to the correct sections in Chapters 5 to 10.

You may wish to prepare a critique of published research. The chapter that
considers this is Chapter 2, with cross-referencing to earlier and some later
chapters.

If you wish to design a research project and you are familiar with terms
such as variable, parametric, aim, hypothesis, etc., then go to Appendix a and
Chapter 2. If you are not familiar with these terms still refer to Appendix a,
and then continue from Chapter 1.

Learning features

Sign posts

) 7.1 Chi-squared goodness-of-fit test
ThCI‘C arc a number Of Ways we have trled to help YOU Key points In some experiments, you may have a reason for expecting your

qu l(kly find the information you need. We have included data to be explained by an equation or particular ratio. You may analyse data to
examine whether your data fit this a priori expectation. If your data are counts

chapter (‘II] a nutshell’) and section (‘Key pOil’ltS’) sum- or frequencies, one of the most common statistical tests used to test this type

. : 2 of hypothesis is the chi-squared goodness-of-fit test.
maries. At the top of each chapter in Section 2 we have

inCludCd both an introduction and a guide to ChOOS- There are three types of investigations where you may use a goodness-of-
fit test:

ing the correct statistical test for that chapter. All these

1) You can reasonably argue that all samples should have the same |

T i

chapter specific guides are integrated in Appendix c.

Key terms

We know that most people will dip in to this book and so we have included
a glossary of most terms that you need to be familiar with towards the end.
Key terms are shown in coloured type the first time they appear; definitions
of these key terms then appear in the glossary at the end of the book.

Boxes

In our experience we have found that students best understand the statistics
element of this book if they first use a calculator to work out the calculation.
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BOX 7.6 How to calculate a 2 x 2 chi-squared test for association

GENERAL DETAILS

EXAMPLE 7.5

This calculation is given i
Resource Centre. All valu
five decimal places.

1. Hypotheses to be tested

H,: There is no association between the two
variables.

H,: There is an association between the two
variables.

. Hypotheses to be tested

species (Cepaea nemorali
habitat (hedgerow and w
H,: There is an associatiol
species (C. nemoralis and
(hedgerow and woodland

H,: There is no associatiof

2. Have all the criteria for using this test been met?

N

. Have all the criteria for u.

Yes (see answer to Q4).

3. How to work out expected values

In chi-sq; d tests for you have no a

priori expectation against which to compare your
observed data. Instead, the expected values are

a CgTAT PaTT OT TITe TIVESTIgA a
same time as the rest of the investigation.

w

1 in Table 7.12. To calcul
take the column total for

@ In the experiment described in Example 2.2 on the antibacterial properties of
triclosan and tea-tree oil, are any controls needed? If so what?

A control may not

into_the effec

ch.

of temperature

always be necessary. For example, in an investiga-

viour of O, el

. How to work out expectef
Look first at the expected

Therefore we have arranged the statistical information
in boxes with general details and a worked example for
you to follow.

In the calculations we’ve included in this book we
have rounded all values, usually to five decimal places.
However, we carried out all the calculations using all
decimal places (as you should). This means that some of
our sums do not appear to quite add up. Any minor dif-
ferences in the calculations should be the result of this
rounding of values.

In the boxes some the mathematical steps have not
been included. We have therefore included the full cal-
culations in the Online Resource Centre. We have also
included an explanation of how to use SPSS, Excel, and
Minitab to carry out the same calculations in the Online
Resource Centre.

Questions

To help you check your understanding of the topics cov-
ered by this book we have included a number of ques-
tions. The answers are provided at the end of each chap-
ter. More questions are included in the Online Resource
Centre.

Online Resource Centre

Research Methods for the Biosciences is more than just this printed book.
The Research Methods for the Biosciences Online Resource Centre features
extensive online materials to help you really get to grips with the skills you

need to carry out research work. This can be found at:
www.oxfordtextbooks.co.uk/orc/holmes2e/

B wes |

ntagrate conrcres

Semeh e 310 =

Moge » Boacncee » Santis 3 Fipsrowci Desie v Holmos, Moody B Dine: Research Helfioos for the Bioscientes 2e

Holmes, Moody & Dine: Research Methods for the Biosciences 2e

Bal puaspann toris

Sunbstiont o ftwane deak.
ot

Figarns
ot vk

Sanceh for an Gokre
Rastusge Contr

Lenct asaet Tost Baris
e Besiies Centes
e

o a teatact

Complete step-by-sfep work-inroughs of some of the calculations in the book
n electronic version of the decision web from the book, which you can use when
esearch

For you 1o work through fo test your understanding of the topics in the book
2 Inferactive and printable nsk assessment fam witn notes
z 11 Walk-through expianations of how 1o use SPSS ® Excel @, and
carry out the calculations in the book

Not yet registered for a password? Plesse

tnform your loca! sales tive that you are adopting thook, You may wish to da this via
20

1.
the Fin)

2. Compiete the

a5 note your registration can only be processed if your sales
fépresentatve i ion,

Already registered for a password? Click on any resaurce below to (0g in

Electronic versions of the figures from the baok. avadabie 1o download and use in ecture

e

B Keep we updated about
this site




The student area of the Online Resource Centre includes:

full details of all calculations in this book: every step in each calculation
is shown so you can see exactly how we reach the answers shown in the

book

* walk-through explanations of how to use SPSS, Excel, and Minitab to car-
ry out these calculations

* interactive tasks for you to work through to test your understanding of the
topics in this book, and hone your research methods skills.

« an electronic version of the decision web which you can use when planning
your research

* an electronic risk assessment which may be used to help you complete this
process

You’ll see the Online Resource Centre icon throughout the book. This icon
tells you that the part of the text you are reading has online materials to ac-
company it.

The lecturer area of the Online Resource Centre provides additional mate-
rials to make the book easier to teach from. These materials include:

* figures from the book, available to download for use in lecture slides
¢ test bank of questions

Simply go to www.oxfordtextbooks.co.uk/orc/holmes2e/ and register as
a user of the book to gain free access to these materials.

And finally ...

Just in case OUP ask us to produce a third edition, we would like to hear
about any errors (we hope there are none) and any suggestions you have for
improvements. You can contact us by using the ‘Send us your feedback’ op-
tion in the Online Resource Centre.

online

Preface

¢ A4 resource
centre

xxiii



Boxes outlining the methods
for the statistical tests included
in this book

Standard deviation and variance

5.1  How to calculate a standard deviation and variance for normally
distributed (parametric) data
Parametric and non-parametric data

5.2 How to check whether your data are normally
distributed (parametric)

5.3 How to rank data for non-parametric statistics

Chi-squared and G-tests
7.1 How to calculate a chi-squared goodness-of-fit test

7.2 To check whether your data are normally distributed using a
chi-squared goodness-of-fit test

7.3 How to calculate a chi-squared test for heterogeneity
7.4 How to calculate an r x ¢ chi-squared test for association

7.5 How to calculate a chi-squared goodness-of-fit test when there is
one degree of freedom

7.6 How to calculate a 2 x 2 chi-squared test for association
7.7 How to calculate a G goodness-of-fit test

7.8 How to calculate an r x ¢ G-test for association

Correlation and regression

8.1 How to carry out Spearman’s rank correlation

8.2 How to carry out Pearson’s product moment correlation

8.3 How to carry out a Model | simple linear regression (one y value for
each x value): drawing a regression line

8.4 How to carry out a Model | simple linear regression (one y value for
each x value): testing the significance of the association

8.5 HowtocarryoutanF, testto check for homogeneous variances
before carrying out an ANOVA for linear regressions

134

140

142

177

180
185
190

193
196
199
200

218

221

229

230

235



il

List of boxes

8.6

8.7

8.8

How to carry out a one-way parametric ANOVA for a linear
regression with equal replicates of y for each value of x
How to carry out a Model Il principal axis regression:
drawing a regression line

How to carry out a Model Il ranged principal axis regression:
drawing a regression line

z- and t-tests

9.1

9.2
9.3
9.4

How to carry out an F-test to check for homogeneous variances
before carrying out a z-test for unmatched data

How to carry out a z-test for unmatched data
How to carry out an unequal variance t-test for unmatched data

How to carry out a z- and t-test for matched data

Parametric ANOVAs and multiple comparisons

9.5

9.6

9.7

9.8

9.9

9.10

9.12

9.13

Mann-Whitney U test and Wilcoxon’s matched pairs test

10.1
10.2

How to carry outan F__ test to check for homogeneous
variances, before carrying out an ANOVA

How to carry out a one-way parametric ANOVA with
equal replicates

How to carry out Tukey’s test after a significant one-way
parametric ANOVA with equal replicates

How to carry out a one-way parametric ANOVA with
unequal replicates

How to carry out a Tukey—Kramer test after a significant
one-way parametric ANOVA with unequal replicates

How to carry out a two-way parametric ANOVA with
equal replicates

How to carry out a two-way parametric ANOVA with
no replicates

How to carry out a nested ANOVA with one main factor and
one nested factor with equal replicates

How to carry out a three-way factorial parametric ANOVA
without replicates

How to carry out a three-way factorial parametric ANOVA with
replicates: an extension of the method outlined in Box 9.13

How to carry out a Mann-Whitney U test

How to carry out Wilcoxon’s matched pairs test

237

243

247

259
261
264
268

274

275

278

282

283

289

298

303

309

313

324
328



Non-parametric ANOVAs (including the Kruskal-Wallis test)

and multiple comparisons

10.3

10.4

10.5A
10.5B
10.5C

10.6

How to carry out a one-way non-parametric ANOVA
(Kruskal-Wallis test)

How to carry out multiple comparisons after a one-way
non-parametric ANOVA (Kruskal-Wallis test)

How to carry out a two-way non-parametric ANOVA test: columns
How to carry out a two-way non-parametric ANOVA test: rows
How to carry out a two-way non-parametric ANOVA test:
interaction

How to carry out multiple comparisons after a two-way
non-parametric ANOVA

332

336
341
344

345

349

List of boxes

%ix



Boxes outlining the methods
for the statistical tests included
in this book

Standard deviation and variance

5.1  How to calculate a standard deviation and variance for normally
distributed (parametric) data 134
Parametric and non-parametric data

5.2  How to check whether your data are normally
distributed (parametric) 140

5.3 How to rank data for non-parametric statistics 142

Chi-squared and G-tests
7.1 How to calculate a chi-squared goodness-of-fit test 177

7.2 To check whether your data are normally distributed using a

chi-squared goodness-of-fit test 180
7.3 How to calculate a chi-squared test for heterogeneity 185
7.4 How to calculate an r x ¢ chi-squared test for association 190

7.5  How to calculate a chi-squared goodness-of-fit test when there is

one degree of freedom 193
7.6  How to calculate a 2 x 2 chi-squared test for association 196
7.7  How to calculate a G goodness-of-fit test 199
7.8 How to calculate an r x ¢ G-test for association 200

Correlation and regression
8.1 How to carry out Spearman’s rank correlation 218
8.2 How to carry out Pearson’s product moment correlation 221
8.3 How to carry out a Model | simple linear regression (one y value for

each x value): drawing a regression line 229
8.4 How to carry out a Model | simple linear regression (one y value for

each x value): testing the significance of the association 230
8.5 How tocarry outanF, , testto check for homogeneous variances

before carrying out an ANOVA for linear regressions 235



Contents

Detailed Contents vii
Boxes outlining the methods for the statistical tests
included in this book XVii

Section 1 Planning an experiment

1 Where do | begin? 3
2 Planning your experiment , 19
3 Questionnaires, focus groups, and interviews 54
4 Research, the law, and you 65

Section 2 Handling your data

5 What to do with raw data 1
6 An introduction to hypothesis testing 147
7 Hypothesis testing: do my data fit an expected ratio? 172
8 Hypothesis testing: associations and relationships 209
9 Hypothesis testing: do my samples come from the

same population? Parametric data 255

10 Hypothesis testing: do my samples come from the same
population? Non-parametric data 321

Section 3 Reporting your results

11 Reporting your research 361



Contents

Appendix a.
Appendix b.

Appendix c.

Appendix d.
Appendix e.

Glossary
References
Index

How to choose a research project
Planning your experiment

Which statistical test should | choose?
Tables of critical values for statistical tests
Maths and statistics

397
401
409
416
434
446
452
455




Detailed Contents

Section 1

1

Planning an experiment

Where do | begin?

1.1.  Aims and objectives
1.1.1. Theaim
1.1.2. The objective
i.  Clumpers or splitters
ii. Only one objective
ii. Personal and experimental objectives
1.2. Data, items, and observations
1.3. Populations

1.4. Sample
1.4.1. Representative samples
1.4.2. How do you obtain a representative sample?
i.  Random sampling
ii. Systematic/periodic sampling
ii. Stratified random sampling
iv. Homogeneous stands

1.5. Population parameters and sample statistics
1.5.1.  Mathematical notation for populations
and samples
1.5.2. Calculations
1.6. Treatments
1.7. Variation and variables
1.7.1. Variation
1.7.2. Variables
1.7.3. Partitioning variation and confounding
(non-treatment) variables
1.8. Hypotheses
1.8.1.  Null hypotheses
1.8.2. Information-theoretic models

Planning your experiment

2.1. Evaluating published research
2.1.1.  What are the aim and objective(s)?
2.1.2. Strengths of the experimental design
2.1.3. Weaknesses of the experimental design
i. Faults
ii.  Limitations
ii. Communication

2. OVOVOVOVWKNOOCUUADMNW W

o i ol ek
wWwwnN

14

15
16
17

19

20
20
21
22
22

22



wit Detailed Contents

a. Faultin the design
b. Limitation
c.  Communication

2.2. Havea go!

23.

2.2.17,

2:2.2.
2:2.3.
2.2.4.

2:2.5,

2.2.6.
2:2.4.

2.2.8.

2.2.9.

2.2.10.
2:2.11.

What are my aim and objectives?
i.  Background information
a. The context
b. Thejustification
c. The practicalities
d. Previous designs
ii. Aimand objectives
What is the statistical population?
Which variables am | investigating?
Are there any confounding variables?
i. Identifying confounding variables
ii.  Minimizing the effect of non-treatment variation
a. Equalizing the effect
b. Randomization
ii. Mathematically separate out (partition) the
variation in your data
Will I need replicates?
i.  When should you use replicates?
a. Toincrease the reliability of your estimate
of the population parameters
b. To allow mathematical estimates of
non-treatment variation
ii. Features of replicates
iii. How many replicates?
Will | need any controls?
How will I analyse my data?
i.  Which type of hypothesis am | testing?
ii. Whattype of data do I have?
ii.  How many variables do | wish to test the effect of?
iv.  How many categories do | have? How many
observations in each category?
v. Therefore, which statistical test(s) seem appropriate?
vi.  Finalizing your aim and objectives
vii.  Writing your hypothesis
Do | need to take action to ensure that | comply
with UK law?
Are there any causes of possible bias? Have | made
any assumptions?
i. Influencing outcomes and causes of bias
ii.  Assumptions
Will | repeat the investigation?
Back to the beginning
i.  Review your planning
ii. Experimental design and methods

Managing research

2310
2:3.2.
2:3.3.

Time management

Space management

Data management
i. Laboratory or field notebooks
ii. Electronic records

22
23
23

24
25
25
25
26
26
27
28
28
30
31
31
32

33

34
34
34

34

34
35
36
36
37
38
40
41

4
42
44
44

45

46
46
46
47
48
48
48

50
50
51
51
51
52



Detailed Contents ~ ix

Questionnaires, focus groups, and interviews 54
3.1. What is a questionnaire, interview, or focus group? 55
3.1.1. Questionnaires 55
3.1.2. Focus groups 55
3.1.3. Interviews 55
3.2. Open and closed questions 56
3.2.1. Closed questions 56
3.2.2. Open questions 57
3.3. Phrasing questions 57
3.4. Your participants 59
3.5. Sample sizes 59
3.5.1. Closed questions 60
3.5.2. Open questions 63
3.5.3. Achieving the required sample size 64
Research, the law, and you 65
4.1. About the law 66
4.1.1. International law 66
4.1.2. National law 67

i.  Common law (case law) 67

ii. Legislation 67

ii. Locallaw 68

iv. Institutional writers 68

v. Canon law 68

vi. Custom 69

vii.  Quasi-legislation 69

viii. ~ Enforcement 69

4.2. Health and safety 69
4.2.1. Hazard identification and rating 70

i.  The environment 71

ii. Chemicals Z1

ii. Biological agents 72

iv. Rating the hazard 73

4.2.2. Activity 73

i. Hazards arising from the activity 74

ii. Scale of exposure 74

ii. Storage and disposal 74

4.2.3. Probability of harm 75

i.  Probability of harm 75

ii. Variation among individuals 75

ii. Occupational exposure limits 75

4.2.4. Minimizing the risk 76

i. Prevention 76

ii. Reduction 76

a.  Wear personal protection 76

b. Reduce quantities 76

c. Control ventilation 77

d. Organize space 77

e. Takeabreak 77

f. Inform 77

g. Company 78

h. Beinformed 79

ii. Re-evaluate the probability of harm 79

4.25. Riskevaluation 79



