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What is a thesis?



What is a good thesis?



A PhD is a  

Research degree



A good thesis: the candidate should 
be able to address the following:

Recognise and validate problems 

Show original, independent and critical thinking, and the ability 
to develop theoretical concepts 

Have knowledge of recent advances within one’s field and in 
related areas 

Understanding of relevant research methodologies and 
techniques and their appropriate application within one’s 
research field 

Critically analyse and evaluate one’s findings and those of others 



Thesis

Synthesis



A PhD thesis: 
A good example
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Articles

Supplementary information



DOCTORAL EDUCATION (PhD) at the University of Bergen

Handbook   /   Recommended by The Research Board 10.03.09

Handbook for doctoral education 
(PhD) University of Bergen
Welcome to the University of Bergen (UiB) doctoral programmes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
About the handbook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3
1. PhD at UiB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4

PhD degree 4
Research environments 5
Research groups 5
Research schools 5
Organisation and structure 5
Resources 6

2. Admission and funding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
Educational background 7
Financing – applying for a fellowship at UiB 8
Affiliation to a research group 8
Admission requirements 8
Applying for doctoral training and the evaluation of applications 9
Project description 9
Admission agreement 10
Contract concerning financial gains from research results 10
Intellectual property rights (IPR) and confidentiality 10
Resources 11

3. Doctoral training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Supervision 12
Supervision training 12
Coursework – training component 12
Thesis work 13
Annual progress report 14
Duty work 15
Study abroad 15
General and transferable skills 15
Plagiarism and academic misconduct 15
Resources 16

4. Submission and graduation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Procedures for completion 17
Resources 18

5. Responsibilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
The PhD candidate’s responsibilities  20
Resources 21

Department and faculty responsibilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Expectations of the research environment and supervisory team 22
Research environment 22
Main supervisor 22
Co-supervisor 23
Person in the department/faculty in charge of doctoral training and administrative PhD coordinator 24
PhD committees 25
Heads of Department 25
Resources 25

The Thesis
What should it contain?



The main parts of a PHD thesis 
are: 

The title page 
The abstract 
The content 
The introduction 
The objectives 
The methods 
The results 
The discussion
The conclusion 
The brief summary for policy makers 
The acknowledgements 
The references 
The appendices

http://thesis.uib.no/page3/page8/page8.html


Variation in malaria transmission    VII 
 

 
 

Contents 
Acknowledgements ......................................................................................................................................... I 

Summary ....................................................................................................................................................... III 

List of original papers .................................................................................................................................... V 

Abbreviations ............................................................................................................................................... VI 

Chapter I: Introduction .................................................................................................................................... 1 

1.1. General overview ................................................................................................................................. 1 

1.2. Burden of malaria ................................................................................................................................ 1 

1.3. The malaria vector ............................................................................................................................... 2 

1.4. Life cycle of malaria parasite............................................................................................................... 2 

1.5. Factors favouring malaria transmission ............................................................................................... 3 

1.6. Economic and social impacts of malaria ............................................................................................. 3 

1.7. Malaria prevention and control: Historical perspectives ..................................................................... 3 

1.8. Existing strategies to combat malaria and the challenges .................................................................... 5 

1.9. Future aspects of malaria epidemiology: “Shrinking the malaria map” .............................................. 8 

1.10. Rationale for this study ...................................................................................................................... 9 

Chapter II: Objectives ................................................................................................................................... 11 

2.1. General objective ............................................................................................................................... 11 

2.2. Specific objectives ............................................................................................................................. 11 

Chapter III: Methods ..................................................................................................................................... 12 

3.1. Study locations .................................................................................................................................. 12 

3.2. Study design and data ........................................................................................................................ 13 

3.3. Statistical analysis .............................................................................................................................. 15 

3.4. Ethical considerations ........................................................................................................................ 17 

Chapter IV: Results ....................................................................................................................................... 18 

Paper I:  Model variation in predicting P. falciparum malaria incidence ................................................. 18 

Paper II: Predictors of P. falciparum malaria incidence ........................................................................... 18 

Paper III: Effect of prevention tools on spatio-temporal clustering of malaria ........................................ 19 

Paper IV: Freely distributed bed net use ................................................................................................... 19 

Interrater agreement .................................................................................................................................. 20 

Chapter V: Discussion .................................................................................................................................. 21 

5.1. Methodological discussion ................................................................................................................ 21 

5.2. Discussion of main findings .............................................................................................................. 25 

5.3. Implications for policy ....................................................................................................................... 30 

Chapter VI: Conclusions and Recommendations ......................................................................................... 32 

6.1. Conclusions ....................................................................................................................................... 32 

6.2. Recommendations.............................................................................................................................. 32 

References ..................................................................................................................................................... 34 

Original articles............................................................................................................................................. 44 

Study instruments ......................................................................................................................................... 99 

 



5

Understanding 
research design 
is a prerequisite 
to doing research



OBS .......
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Published research fi ndings are 
sometimes refuted by subsequent 
evidence, with ensuing confusion 

and disappointment. Refutation and 
controversy is seen across the range of 
research designs, from clinical trials 
and traditional epidemiological studies 
[1–3] to the most modern molecular 
research [4,5]. There is increasing 
concern that in modern research, false 
fi ndings may be the majority or even 
the vast majority of published research 
claims [6–8]. However, this should 
not be surprising. It can be proven 
that most claimed research fi ndings 
are false. Here I will examine the key 

factors that infl uence this problem and 
some corollaries thereof. 

Modeling the Framework for False 
Positive Findings 
Several methodologists have 
pointed out [9–11] that the high 
rate of nonreplication (lack of 
confi rmation) of research discoveries 
is a consequence of the convenient, 
yet ill-founded strategy of claiming 
conclusive research fi ndings solely on 
the basis of a single study assessed by 
formal statistical signifi cance, typically 
for a p-value less than 0.05. Research 
is not most appropriately represented 
and summarized by p-values, but, 
unfortunately, there is a widespread 
notion that medical research articles 

should be interpreted based only on 
p-values. Research fi ndings are defi ned 
here as any relationship reaching 
formal statistical signifi cance, e.g., 
effective interventions, informative 
predictors, risk factors, or associations. 
“Negative” research is also very useful. 
“Negative” is actually a misnomer, and 
the misinterpretation is widespread. 
However, here we will target 
relationships that investigators claim 
exist, rather than null fi ndings. 

As has been shown previously, the 
probability that a research fi nding 
is indeed true depends on the prior 
probability of it being true (before 
doing the study), the statistical power 
of the study, and the level of statistical 
signifi cance [10,11]. Consider a 2 × 2 
table in which research fi ndings are 
compared against the gold standard 
of true relationships in a scientifi c 
fi eld. In a research fi eld both true and 
false hypotheses can be made about 
the presence of relationships. Let R 
be the ratio of the number of “true 
relationships” to “no relationships” 
among those tested in the fi eld. R 

is characteristic of the fi eld and can 
vary a lot depending on whether the 
fi eld targets highly likely relationships 
or searches for only one or a few 
true relationships among thousands 
and millions of hypotheses that may 
be postulated. Let us also consider, 
for computational simplicity, 
circumscribed fi elds where either there 
is only one true relationship (among 
many that can be hypothesized) or 
the power is similar to fi nd any of the 
several existing true relationships. The 
pre-study probability of a relationship 
being true is R⁄(R + 1). The probability 
of a study fi nding a true relationship 
refl ects the power 1 − β (one minus 
the Type II error rate). The probability 
of claiming a relationship when none 
truly exists refl ects the Type I error 
rate, α. Assuming that c relationships 
are being probed in the fi eld, the 
expected values of the 2 × 2 table are 
given in Table 1. After a research 
fi nding has been claimed based on 
achieving formal statistical signifi cance, 
the post-study probability that it is true 
is the positive predictive value, PPV. 
The PPV is also the complementary 
probability of what Wacholder et al. 
have called the false positive report 
probability [10]. According to the 2 
× 2 table, one gets PPV = (1 − β)R⁄(R 
− βR + α). A research fi nding is thus 

The Essay section contains opinion pieces on topics 
of broad interest to a general medical audience. 
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Summary
There is increasing concern that most 

current published research fi ndings are 
false. The probability that a research claim 
is true may depend on study power and 
bias, the number of other studies on the 
same question, and, importantly, the ratio 
of true to no relationships among the 
relationships probed in each scientifi c 
fi eld. In this framework, a research fi nding 
is less likely to be true when the studies 
conducted in a fi eld are smaller; when 
effect sizes are smaller; when there is a 
greater number and lesser preselection 
of tested relationships; where there is 
greater fl exibility in designs, defi nitions, 
outcomes, and analytical modes; when 
there is greater fi nancial and other 
interest and prejudice; and when more 
teams are involved in a scientifi c fi eld 
in chase of statistical signifi cance. 
Simulations show that for most study 
designs and settings, it is more likely for 
a research claim to be false than true. 
Moreover, for many current scientifi c 
fi elds, claimed research fi ndings may 
often be simply accurate measures of the 
prevailing bias. In this essay, I discuss the 
implications of these problems for the 
conduct and interpretation of research.

It can be proven that 
most claimed research 

fi ndings are false.

80 -90% of findings of observational studies 
are false 

(see http://niss.org/sites/default/files/
Young_Safety_June_2008.pdf)  

http://niss.org/sites/default/files/Young_Safety_June_2008.pdf
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Randomized Clinical Trial

C ~ = T

C                                             T

For RCT, through randomization the effects of bias are largely, but not 
completely, removed. If there is no treatment effect the two distributions are 
on top of one another. 

If treatment has an effect it will move the distribution of the treated patients, 
red, away from the control patients. If the effect is large enough and if the 
sample size is large enough, the treatment effect will be detected.
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Bias reduction in observational studies

All observational studies will be positive!

In an observational study, most typically there is a difference between the control 
and treated groups. The groups will differ in important confounding variables, age, 
income, etc. As confounding variables are mathematically removed, the treatment 
effect moves toward the control group. If there are unknown or unmeasured 
confounders, then the treatment groups remain separated.

Observational studies are getting larger. As sample size gets larger the standard 
error of the mean gets smaller so that small bias can result in a statistically 
significant claim, false discovery, that is the result of bias not treatment.

The rule of thumb 5 years ago was that if the risk ratio, RR, was not larger than 2 
then any observed effect could be the result of confounders and it was considered 
improper to make any claims. A RR has to be larger than 2 to be admissible in 
federal court. As a point of reference, the RR of smoking is on the order of 8-10.



Two questions

Researchers face two important questions as 
they do health research:  

Is the report believable?  
“Internal validity” 

Is it relevant to my practice? 
“External validity”



Internal and external validity

Internal validity 
the ability to measure what it sets out to measure 

External validity 
Can the results from study participants be 
extrapolated to the reader’s patients?



What to look for in epidemiological studies 

Is selection bias present? 

Is information bias present? 

Is confounding present? 

If the results cannot be explained by these three 
biases, could they be the result of chance? 

If the results still cannot be explained away, then (and 
only then) might the findings be real and worthy of 
note.



Some reasons why PhD 
work fails

Inadequate discussion of results 

(strengths and limitations)

The research work is not put into the right 
context 

Inadequate sampling



Structure of the PhD thesis

“Expanded IMRaD Structure”



The Thesis: 
Introduction

Introduction: 

«What comes before the Results and 
Discussion»

Has four parts

What is this thesis about

Background and literature review

Objectives

Methods



Introduction

From the introduction, it should be clear what the 
candidate’s contribution is.  

What is the new knowledge that the candidate wishes to 
address? 

After reading this, the examiner should think: 

«How nice that the candidate has done exactly this 
project»



What is this thesis about?

Before you start writing «Background», I suggest you 
start by writing: What is this thesis about? 

Tell the reader which questions you are answering

Why was it important to do this research 

Which design and sampling methods did you use

What implications has your research findings?



Thesis

Synthesis



Background

• You need to supplement your articles by defining 
key definitions and concepts. These need to be 
discussed.  

• Please also discuss the association between 
dependent and independent variables in models 
you plan to use.  

• Argue for variables you wish to use. 



Literature review
You should demonstrate a thorough knowledge of the 
literature

You should not only refer to the literature, but also critically 
evaluate the literature

Please refer to the databases you have used for literature 
search

Please refer to primary articles

Do not refer to summary of articles

Review papers? How do I refer to them? 

OBS: Be careful with internet references



The research questions

The questions should be clear, and specific

Please do not use the word cause, if you are measuring 
associations

The list of objectives should be ordered in a logical way

Use the order of your objectives in your Results and in your 
Discussion

Do not address objectives that you have not addressed in 
your introduction



Interventions

If the project deals with an intervention, please 
define: 

• The theoretical concept and rationale behind 
your intervention 

• How was the intervention carried out.  

• In which context was the intervention done in



Results

Summary of your articles

You are allowed to add additional data that 
were not published in your papers
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Interrater agreement  

The interrater agreement of microscopic readings of the first two readers was checked with 

Kappa statistics, and a better agreement was achieved in the readings of the vivax- than in the 

falciparum species, 0.87 versus 0.80, respectively [Table 2]. All of the discordant readings 

were confirmed by a third reader. 

 

Table 2: Interrater agreement for the readings of 2,573 microscopic slides 

 
Second reader 

P. falciparum P. vivax 
Positive Negative Total Positive Negative Total 

First reader 
Positive 255 49 304 265 41 306 
Negative 59 2,210 2,269 31 2,236 2,267 

Total 314 2,259 2,573 296 2,277 2,573 
Kappa 0.80 0.87 

95% CI for Kappa 0.76–0.84 0.83–0.90 
Interpretation§ Good agreement  Very good agreement 

§Strength of agreement152: <0.2 = Poor, 0.21–0.40 = Fair, 0.41–0.60 = Moderate, 0.61–0.80 = Good, and 0.81–
1.00 = Very Good 

   



The discussion

Validity 
Internal validity 
External validity 

The general discussion



Discussion: Validity
Study design

Sample size

Internal validity 

Selection bias (systematic sampling error)

Information (measurement) bias

Confounding 

Chance (random sampling error)

External validity (Generalisability) 



How to discuss validity
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Information bias  

Information bias refers to whether the information is gathered from the study subjects in the 

same way regardless of their exposure status,158 the presence of measurement error154 or both. 

In this thesis, a measurement error could arise while diagnosing, documenting and reporting 

falciparum malaria cases, documenting and reporting meteorological variables [Paper I], 

interviewing the study participants during census and weekly visits [Papers II, III and IV] and 

preparing and reading microscopic slides [Papers II and III].  

 

For Paper I, we relied on secondary data sources; hence, we admit that the quality of data 

obtained through the routine recording and reporting system in developing countries is of 

poor quality, mostly due to underreporting. We used only those cases with microscopically 

confirmed falciparum malaria, although observer error may lead to misdiagnosis. 

Nevertheless, we considered that the presence of basic elements in the data such as trend, 

seasonality and monthly variations would suffice for the modelling exercise. In addition, we 

strictly used the Ljung-Box Q statistics as a model diagnostics to accept or drop the model – 

that led to ignoring five models. This statistic provides an indication of whether the model 

was correctly specified with regard to the presence of structure in the observed series, which 

was not accounted for by the model.  

 

Publication bias arises when researchers tend to report only positive findings.153 In our case, 

publication bias is unlikely since we reported all types of models [Paper I], including models 

with a positive or negative result with regard to the relationship between the incidence of 

falciparum malaria and meteorological factors. Additionally, the reported models had an R 

squared coefficient of determination ranging from a negative value (worse than the baseline 

model) to as high as 0.97.  

 

Original data were collected for Papers II, III and IV, and we used a pre-tested (in the 

neighbouring Kebeles) data collection format for the census, as well as well-trained data 

collectors and supervisors. The weekly ITN use (the night before the interview) data was 

based on self-reporting. In the first four weeks of follow-up, we asked about ITN use with a 

‘Yes/No’ type of question; however, realizing that this approach was more predisposed to 

bias starting from week 5, we wrote down the names of the household members who slept 

under the bed net the night before the interview. This approach (asking whether an individual 

has slept under the bed net to measure ITN use), though used by others as well,90 could not be 



Now, -- the general 
discussion

Validity: again

Is A the cause of B?

How do I answer this question?
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Published research fi ndings are 
sometimes refuted by subsequent 
evidence, with ensuing confusion 

and disappointment. Refutation and 
controversy is seen across the range of 
research designs, from clinical trials 
and traditional epidemiological studies 
[1–3] to the most modern molecular 
research [4,5]. There is increasing 
concern that in modern research, false 
fi ndings may be the majority or even 
the vast majority of published research 
claims [6–8]. However, this should 
not be surprising. It can be proven 
that most claimed research fi ndings 
are false. Here I will examine the key 

factors that infl uence this problem and 
some corollaries thereof. 

Modeling the Framework for False 
Positive Findings 
Several methodologists have 
pointed out [9–11] that the high 
rate of nonreplication (lack of 
confi rmation) of research discoveries 
is a consequence of the convenient, 
yet ill-founded strategy of claiming 
conclusive research fi ndings solely on 
the basis of a single study assessed by 
formal statistical signifi cance, typically 
for a p-value less than 0.05. Research 
is not most appropriately represented 
and summarized by p-values, but, 
unfortunately, there is a widespread 
notion that medical research articles 

should be interpreted based only on 
p-values. Research fi ndings are defi ned 
here as any relationship reaching 
formal statistical signifi cance, e.g., 
effective interventions, informative 
predictors, risk factors, or associations. 
“Negative” research is also very useful. 
“Negative” is actually a misnomer, and 
the misinterpretation is widespread. 
However, here we will target 
relationships that investigators claim 
exist, rather than null fi ndings. 

As has been shown previously, the 
probability that a research fi nding 
is indeed true depends on the prior 
probability of it being true (before 
doing the study), the statistical power 
of the study, and the level of statistical 
signifi cance [10,11]. Consider a 2 × 2 
table in which research fi ndings are 
compared against the gold standard 
of true relationships in a scientifi c 
fi eld. In a research fi eld both true and 
false hypotheses can be made about 
the presence of relationships. Let R 
be the ratio of the number of “true 
relationships” to “no relationships” 
among those tested in the fi eld. R 

is characteristic of the fi eld and can 
vary a lot depending on whether the 
fi eld targets highly likely relationships 
or searches for only one or a few 
true relationships among thousands 
and millions of hypotheses that may 
be postulated. Let us also consider, 
for computational simplicity, 
circumscribed fi elds where either there 
is only one true relationship (among 
many that can be hypothesized) or 
the power is similar to fi nd any of the 
several existing true relationships. The 
pre-study probability of a relationship 
being true is R⁄(R + 1). The probability 
of a study fi nding a true relationship 
refl ects the power 1 − β (one minus 
the Type II error rate). The probability 
of claiming a relationship when none 
truly exists refl ects the Type I error 
rate, α. Assuming that c relationships 
are being probed in the fi eld, the 
expected values of the 2 × 2 table are 
given in Table 1. After a research 
fi nding has been claimed based on 
achieving formal statistical signifi cance, 
the post-study probability that it is true 
is the positive predictive value, PPV. 
The PPV is also the complementary 
probability of what Wacholder et al. 
have called the false positive report 
probability [10]. According to the 2 
× 2 table, one gets PPV = (1 − β)R⁄(R 
− βR + α). A research fi nding is thus 

The Essay section contains opinion pieces on topics 
of broad interest to a general medical audience. 
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Summary
There is increasing concern that most 

current published research fi ndings are 
false. The probability that a research claim 
is true may depend on study power and 
bias, the number of other studies on the 
same question, and, importantly, the ratio 
of true to no relationships among the 
relationships probed in each scientifi c 
fi eld. In this framework, a research fi nding 
is less likely to be true when the studies 
conducted in a fi eld are smaller; when 
effect sizes are smaller; when there is a 
greater number and lesser preselection 
of tested relationships; where there is 
greater fl exibility in designs, defi nitions, 
outcomes, and analytical modes; when 
there is greater fi nancial and other 
interest and prejudice; and when more 
teams are involved in a scientifi c fi eld 
in chase of statistical signifi cance. 
Simulations show that for most study 
designs and settings, it is more likely for 
a research claim to be false than true. 
Moreover, for many current scientifi c 
fi elds, claimed research fi ndings may 
often be simply accurate measures of the 
prevailing bias. In this essay, I discuss the 
implications of these problems for the 
conduct and interpretation of research.

It can be proven that 
most claimed research 

fi ndings are false.

80 -90% of findings of observational studies 
are false 

(see http://niss.org/sites/default/files/
Young_Safety_June_2008.pdf)  

http://www.plosmedicine.org/article/info%253Adoi%252F10.1371%252Fjournal.pmed.0020124
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Investigation 3-7 1

Weighing the Evidence

Is the 
association 

causal?

RR = 7

Weighing the Evidence
Detectives in the Classroom - Investigation 3-7:  Weighing the Evidence

In Investigation 3-7:  Weighing the Evidence, students will learn to explain the 
importance of distinguishing between associations that are causal and those that are not 
and begin to identify causal criteria questions. 

Next Slide 



TYPE OF STUDY ABILITY TO “PROVE” CAUSATION

Randomised control 
trials Strong 

Cohort Studies Moderate (when well conducted, bias 
minimised)

Case-control 
studies

Moderate (good evidence for causal nature of 
an association)

Cross-sectional 
studies Weak (no direct evidence on time sequence)

Ecological studies
Weak (danger of incorrect extrapolation to 

individuals from data on regions or 
countries)

Strength of Evidence



Should I believe my measurement?

Oral                                   Cardiovascular  

contraceptives                   disease                      RR = 2.3

Bias? 
Confounding? 
Chance?

True association 
 causal 
 non-causal



Confounding

If risk factors is a confounder, then ‘control’ in 
some appropriate way changes meaningfully the 
disease-risk factor association

If RRcrude  = Rradjusted, then no confounding

If RRcrude  ≠ Rradjusted, then confounding present



Criteria for judgment of causal
• Temporal sequence 

– Did exposure precede outcome? 

• Strength of association 
– How strong is the effect, measured as relative risk or odds ratio? 

• Consistency of association 
– Has effect been seen by others? 

• Biological gradient (dose-response relation) 
– Does increased exposure result in more of the outcome? 

• Coherence with existing knowledge 
– Is the association consistent with available evidence? 

• Experimental evidence 
– Has a randomised controlled trial been done? 

• Analogy 
– Is the association similar to others?



To day we have mainly focused 
on:

The title page 

The abstract 

The content 

The introduction 
The objectives 
The methods 
The results 
The discussion

The conclusion 

The brief summary for policy makers 

The acknowledgements 

The references 

http://thesis.uib.no/page3/page8/page8.html


Someday we may continue 
discussing: 

The title page 
The abstract 
The content 

The introduction, The objectives, The methods, The results 

The discussion 

The conclusion 
The brief summary for policy makers 
The acknowledgements 
The references 
The appendices


