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Abstract 
 
 

Background 

Despite an increasing emphasis on shared decision-making in healthcare settings, 

judgements relating to diagnostic testing for cancer remain largely provider-driven. 

Evidence suggests involving patients in care and treatment decisions improves 

outcomes, boosts satisfaction and increases knowledge, self-advocacy and 

adherence. This thesis used ovarian cancer as an exemplar to demonstrate how 

discrete choice experiments (DCEs) can be used to understand preferences towards 

cancer testing with the purpose of improving diagnostic outcomes in primary care.  

 

Methods  

The thesis began with a systematic review of existing DCEs in the field of cancer 

testing. Proceeding chapters described the development and implementation and of a 

DCE eliciting preferences towards ovarian cancer. Barriers to ovarian cancer diagnosis 

mean the development of an ovarian cancer screening programme continues to be a 

priority, despite a lack of efficacy within clinical trials to date. In response, a further 

DCE investigated preferences towards ovarian cancer screening, specifically focusing 

on the benefit-harm trade-offs. A final component of this thesis sought to investigate 

methodological challenges relating to the application of DCEs in the field of cancer 

testing. Specific investigations included the presence and impact of indifferent 

preferences and stated attribute non-attendance.  

 

Results 

The systematic review demonstrated the current neglect of preferences in diagnostic 

settings and highlighted several methodological challenges that may limit the 

application of discrete choice findings to clinical and policy-related settings.  

 

Demand for diagnostic testing was high, even when the risk of cancer was as low as 

1%. Preferences appeared to centre around the trade-off between accuracy and 

timeliness. Although test accuracy was consistently found to be the most important 

attribute to respondents even where additional waiting times have a substantial impact 

on survival.  

 

Preferences towards ovarian cancer screening were more heterogeneous. Latent 

class analysis revealed approximately half of respondents strongly prioritised mortality 
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reduction while remaining respondents placed low importance on this aspect of testing 

and instead largely focused on the high presence of false positive results.  

 

Conclusions 

This thesis demonstrates women’s willingness and ability to engage in diagnostic 

decision-making. Preference heterogeneity further highlights the importance of an 

individualised approach to care. Comparisons of preferences in screening and 

diagnostic settings demonstrate fundamental differences, suggesting the large body of 

cancer screening DCEs are not automatically transferable to diagnostic settings. A 

greater understanding of preferences and priorities about testing in symptomatic 

populations is needed. In response, this thesis provides an insight into some of the 

challenges when conducting DCEs in this domain and offers suggestions for future 

researchers.   
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1 Introduction 
 

1.1 Chapter introduction 
 

This chapter provides an introduction to the thesis, which demonstrates an 

example of how discrete choice experiments can be applied to cancer testing 

with the purpose of improving diagnostic outcomes. The chapter begins by 

describing the research problem to contextualise the motivation and purpose of 

the research questions addressed throughout the thesis. Next, the chapter 

describes how the research evolved over the course of the PhD. Finally, 

towards the end of the chapter the research aims and outline for the remainder 

of the thesis are described. 

 

1.2  Background 
 
 

Shared decision-making (SDM) is a central principle of healthcare delivery in 

the UK (Department of Health, 2015). There is evidence to suggest that 

involving patients in their care and treatment decisions improves outcomes, 

boosts satisfaction, and increases knowledge, self-advocacy and adherence to 

treatment plans (Bechel et al., 2000; Fremont et al., 2001; Stevenson et al., 

2004). In response, in recent years there have been increasing efforts to 

improve the collaborative process between healthcare professionals and 

patients in all aspects of healthcare provision, from treatment decisions during 

one-to-one consultations through to policy-level decision-making regarding 

service provision (Department of Health, 2010).  

 

Due to the high incidence and complexity of the disease, SDM relating to the 

delivery of cancer care has become a key area of research. There is an 

increasing body of literature aiming to understand patient desires for SDM, 

optimising and implementation of SDM processes and current satisfaction and 

shortcomings (Katz et al., 2014; Tamirisa et al., 2017; Waddell et al., 2021). 

When focusing on cancer care, SDM has become central component of both 

screening and treatment decisions following diagnosis. To date, decisions 

regarding investigative testing have been comparatively neglected and remain 
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largely paternalistic, driven by doctors (Davey et al., 2004; Polaris & Katz, 

2014).  

 

Earlier diagnosis of cancer is associated with better outcomes and can reduce 

the high costs of complex end-stage treatments. However, all tests require a 

balance of benefits and harms: problems may arise when the preferences of 

patients misalign with the care they are offered. Misunderstanding of 

preferences or a mismatch between preferences and practice relating to 

diagnostic procedures may present a barrier to early diagnosis. Unfulfilled 

preferences impact the efficiency of testing by reducing help-seeking 

behaviours, increasing missed appointments and reducing overall satisfaction 

(Cronin et al., 2018; Kim et al., 2020). Misalignment of preferences may be 

particularly prevalent in instances where there is uncertainty around testing, 

where there are multiple investigative options available or where diagnostic 

guidelines are produced without the incorporation of patient views. 

 

In the field of health economics, preference elicitation has become a prominent 

area of research, driven by the need to optimise the allocation of scarce 

resources whilst faced with increasing demand. Preference elicitation methods 

aim to measure patient perspectives and priorities regarding their care (Ali & 

Ronaldson, 2012). Findings can be used to increase the role of patients in 

healthcare provision on a macro-level by informing policies or approaches to 

care. Discrete choice experiments (DCEs) are a particularly popular preference 

elicitation method, due to their ability to value aspects of healthcare not easily 

captured using conventional quality of life measures – by allowing the trade-off 

between process attributes, non-health outcomes and health outcomes 

simultaneously, in a relatively cognitively straightforward task (Bridges et al., 

2011).  

 

To date, there has been extensive research within the discrete choice literature 

on preferences relating to cancer screening (Mansfield et al., 2016) and 

treatment (Bien et al., 2017). Comparatively, very little attention has been paid 

to preferences relating to cancer diagnostic strategies (Howard et al., 2011; 
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Ellimoottil et al., 2018)1. Screening and diagnostic procedures often employ 

similar test strategies but are contextually different. Asymptomatic and 

symptomatic individuals have different priorities and motives when seeking 

healthcare: therefore, preferences, particularly relating to the understanding 

and acceptability of risks associated with test strategies (e.g. inaccurate results, 

side effects, etc.) and service delivery (e.g. waiting times), may differ when 

thinking about diagnostic versus screening choices even when the specific tests 

involved remain unchanged.  

 

1.3 Purpose of the thesis  
 

In 2010, the Department of Health outlined plans to “introduce choice for 

diagnostic testing and choice post-diagnosis, from 2011” (Department of 

Health, 2010). Since publication, little has been done to advance the role of 

patient decision-making towards testing decisions in the field of cancer. Instead, 

decisions regarding diagnostic investigations continue to be led by doctors. 

 

There is a substantial and growing body of evidence relating to testing in other 

fields such as sexual health testing, genetic testing and even cancer screening. 

By contrast, delayed progress in improving patient autonomy is echoed by a 

current lack of evidence relating to service users’ preferences and priorities 

regarding diagnostic investigations in the field of cancer. The absence of 

evidence relating to diagnostic testing is reflected by recent research 

recommendations outlined by the National Institute for Health and Care 

Excellence (NICE), the body responsible for producing evidence-based 

guidance on healthcare provision, including guidance on investigative testing 

for cancer in the UK:  

 

“studies are needed to assess the key issues in patient experience and patient 

information needs in the cancer diagnostic pathway, particularly in the interval 

between first presentation to primary care and first appointment in secondary 

 
1 Preferences for diagnostic testing have been explored to some extent within the wider preference literature 
(Banks et al., 2014; Hollinghurst et al., 2016). Studies demonstrated a high demand for testing using a vignette-
based approach, however, this methodology does not allow for the estimation of the relative weighting of 
risks/benefits presented within the choice task meaning the motivators of demand were not clear. 
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care. Outcomes of interest are patient satisfaction, quality of life and patient 

perception of the quality of care and information”  (NICE, 2015). 

In response, the purpose of this thesis was to provide an example of how 

discrete choice methods can be used to understand preferences towards 

cancer testing with the purpose of improving diagnostic outcomes. To do so, 

this thesis specifically focused on preferences relating to the diagnosis of 

ovarian cancer as an exemplar. Ovarian cancer represents a site which has 

been underexplored within the preference elicitation literature to date and 

where early diagnosis is paramount for survival (5-year net survival is 90% 

when diagnosed at stage I compared to 18.6% at stage III) (Cancer Research 

UK, 2019). 

 

1.4 Genesis of this thesis 
 

The research questions and methods that form the basis of this thesis evolved 

substantially over the course of this PhD. The motivation for the PhD was the 

continued doctor-led nature of decision-making relating to cancer testing.  As 

such, the intention to investigate the role of preferences in diagnostic testing 

was founded on the current evidence gap in this area and was a clear research 

aim from the start. The decision to utilise discrete choice methods was also 

made early due to the ability to measure trade-offs between attributes and 

implicitly measure welfare outcomes such as willingness to trade and uptake. 

Discrete choice experiments also benefit from a strong theoretical basis 

(Lancsar & Louviere, 2008) (Chapter 2). The remaining aspects of the PhD 

were developed concurrently as the research progressed and further adaptions 

were made in response to Covid-19 pandemic. 

 

Healthcare setting—Primary care  
 

This thesis focused on preferences towards investigative testing decisions 

within a primary care setting. The majority of people who are subsequently 

diagnosed with cancer initially present with symptoms in primary care 

(Hamilton, 2010). General practitioners (GPs) have an essential role of 

balancing who and when to investigate to minimise missed or delayed 
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diagnoses whilst avoiding over-testing, which may overwhelm secondary 

services, cause unnecessary stress for patients and exacerbate delays for high-

risk patients.  In practice, this judgement is challenging as symptoms of cancer 

are often also indicative of many benign conditions and presentation of true 

cancer cases is infrequent (on average a full-time GP will diagnose fewer than 

10 people with cancer each year (Harker, 2017)).  

 

The primary care diagnostic interval represents a critical period where 

diagnosis may be expedited or delayed (Round et al., 2020). The incorporation 

of patient views on who, when and how to test into diagnostic guidelines may 

lead to more efficient and effective care resulting in increased patient 

satisfaction.  

 

Selection of an exemplar cancer site—Ovarian cancer 
 

A single cancer site was selected to provide a case study of how preference-

based studies can be applied to diagnostic testing to help improve diagnostic 

outcomes. This approach allowed studies to be meaningfully designed around 

the policy questions surrounding the specific cancer type.  

 

Several criteria were considered when selecting an appropriate cancer site 

during the early stages of the thesis, including: 

 

i. Current diagnostic outcomes and the need for earlier diagnosis 

ii. Current availability and/or feasibility of tests within a primary care setting 

iii. Existing debates or uncertainty relating to current testing procedures e.g. 

competing tests, diagnostic pathway outdated, new or developing test 

strategies 

iv. Existing evidence relating to patient and public preferences  

v. Generalisability of research questions and results 

 

In addition to ovarian cancer, several alternative cancer sites were considered 

and narrowed down to: 

• Colorectal cancer (Tests: Faecal tests vs colonoscopy)  
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• Lung cancer (Tests: CT vs chest x-ray)  

• Prostate cancer (Tests: Prostate specific antigen (PSA) testing plus 

biopsy vs ultrasound testing vs PSA & MRI)  

 

Ultimately, ovarian cancer was selected as the focus for this thesis. Currently 

in the UK, over 50% of ovarian cancer cases are diagnosed at a late stage (III 

or IV) leading to poor survival outcomes. This emphasised the need for 

improved diagnostic outcomes (criterion i).  

 

Preliminary scoping of existing evidence revealed a current lack of evidence 

relating to preferences for ovarian cancer testing in both screening and 

diagnostic contexts (unlike prostate, colorectal and lung cancer, where 

preference-based studies exist, albeit primarily in a screening context) (criterion 

iv).  

 

Currently in England and Wales investigations of ovarian cancer in primary care 

involve a dual testing process, consisting of a blood test and ultrasound 

scanning performed sequentially (NICE, 2015). However, there are many gaps 

and uncertainties in the evidence surrounding the performance of tests 

(criterion iii) (Funston et al., 2019) resulting in debates about the 

appropriateness of the existing diagnostic pathway. NICE guidance relating to 

ovarian cancer diagnosis has remained unchanged since 20112. Emerging 

evidence means guidelines may require updating in the near future.   

 

Many of the debates and uncertainties surrounding ovarian cancer testing were 

considered generalisable to the broader cancer context (criteria v). These 

issues are discussed in further detail throughout the thesis (see chapter 3): 

however, a fundamental starting point of the thesis was the patient’s preference 

surrounding the use of triage testing (quick but less accurate test) versus more 

accurate tests with longer waiting times to rule out cancer. Other considerations 

included trade-offs between invasiveness (blood tests vs intimate 

 
2 NICE guidance for Lung cancer was updated in 2019 (NICE, 2019), colorectal guidelines were 
updated in 2017 (NICE, 2017) and prostate cancer guidelines were updated in 2021 (NICE, 2021).  
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examinations), convenience (GP surgery vs hospital/clinic setting) and costs to 

the NHS.  

 

Finally, primary care investigation of ovarian cancer is readily available and 

advocated within current guidance, (NICE, 2015) allowing for an exploration of 

preferences surrounding demand for investigative testing in primary care where 

symptoms do not meet the current threshold for urgent referral threshold (i.e. at 

what level of risk do patients want to undergo testing and what type of tests 

would they ideally want?).   

 

Identifying the target population 
 

The debate between the role of patient or public preferences within 

policymaking is a longstanding question in health economics. Both have merits 

as well as limitations which are discussed in further detail in Chapter 2. The 

research in this study aims to understand preferences in order to inform service 

provision with the intension of improving cancer outcomes and patient 

satisfaction. It was considered important to understand potential barriers to 

help-seeking and future testing decisions based on preconceptions of people 

who may develop symptoms and require testing in the future. As such, a mixed 

population of women with and without test-experience was chosen for this 

thesis. Investigative testing is a discrete event rather than a health condition 

that requires ongoing care. Focusing exclusively on those with previous test 

experience. Focusing on women diagnosed with ovarian cancer (i.e. patients) 

was considered, however, it was decided this may lead to biased results since 

the outcomes of testing are likely to affect views and preferences.  

 

The terms “public” or “general public” are used throughout the thesis when 

describing the samples of primary research. These terms are used as a means 

of differentiating between patients and respondents recruited in non-clinical 

settings rather than intended to indicate a representative sample of the public. 

The thesis originally aimed to examine and compare the preferences of GPs 

alongside women. This aim was based on the important role of GPs in the 

investigation of cancer symptoms and the collaborative relationship required for 
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effective shared decision-making. This remains an important area for future 

research. Unfortunately, the Covid-19 pandemic meant this work became 

unfeasible within this thesis due to the suspension of non-Covid related 

research involving NHS staff during the data collection period of this PhD.  

 

Extension to cancer screening 
 

Revising diagnostic guidance to better align with patient preferences is one 

potential avenue to improve diagnostic outcomes. However, throughout the 

thesis it became clear that there were barriers to early diagnosis in primary care 

beyond inefficiencies in current testing procedures. For instance, there is 

delayed help-seeking due to a lack of symptom awareness from a patient 

perspective and delays in testing due to the vague nature of symptoms and 

failure to recognise symptoms on healthcare provider side.  

 

Screening asymptomatic people may help to improve diagnostic outcomes by 

identifying cancers before symptoms arise. Previous attempts to identify an 

appropriate screening programme for ovarian cancer have been unsuccessful, 

however, due to the challenges surrounding early diagnosis of the disease, 

efforts to identify a suitable test are ongoing (Nash & Menon, 2020). Evidence 

relating to the acceptability and drivers of uptake for a potential screening 

programme are limited despite the reliance on voluntary participation. 

Therefore, following completion of the DCE on preferences for diagnostic 

testing, the scope of the thesis was extended to explore preferences towards 

screening programmes for ovarian cancer. This extension was motivated by the 

emphasis on the role of preferences in improving early diagnostic outcomes for 

ovarian cancer.  

 

Methodological questions 
 

An early finding of the thesis was despite the growth in DCE publications in 

recent years, the application of findings to policymaking currently appears 

limited (Vass & Payne, 2017). Shortcomings or inconsistencies in the 

application of DCE methods may be a potential barrier to the utilisation of DCE 

results in clinical settings. As such, this thesis also aimed to extend existing 
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knowledge surrounding methodological uncertainties which may currently 

hinder the application of DCEs in broader healthcare context. These 

methodological questions are discussed in detail throughout the thesis and 

included:  

 

• The presence of indifferent preferences 

• The impact of the number of DCE choice tasks per respondent 

• Stated attribute non-attendance 

• Communication of risky attributes 

 

1.5 Aims and objectives 
 

The overall aim of the thesis was to provide an example of the application of 

preference elicitation techniques, specifically discrete choice experiments to the 

field of cancer testing with the aim of improving diagnostic outcomes. To do so, 

the thesis uses the case study of ovarian cancer testing.  

 

To achieve this, the main objectives of thesis were to:  

(i) summarise and critically appraise the current evidence relating to the 

use of discrete choice experiments to estimate preferences in the 

field of cancer testing 

(ii) estimate women’s preferences towards different diagnostic 

strategies for ovarian cancer and assess the willingness to make 

trade-offs between different aspects of diagnostic tests  

(iii) estimate women’s preferences towards different screening 

strategies for ovarian cancer and assess the willingness to make 

trade-offs between different aspects of screening tests  

(iv) highlight and investigate some of the methodological challenges 

relating to the application of discrete choice experiments to testing 

for cancer 

Each primary objective consisted of several sub-research questions aiming to 

achieve a rich understanding towards ovarian cancer testing and investigate 

the application of DCE methods in this domain. Figure 1.1 summarises the 

research questions addressed in the fulfilment of the primary research 
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objectives. The figure contextualises the exploration of preferences in this 

thesis in relation to the broader diagnostic process from asymptomatic to 

symptomatic to final diagnosis. These research questions are discussed in 

detail in later chapters of the thesis.  

 

1.6 Outline of the thesis 
 

Figure 1.2 provides an overview of the remaining chapters of the thesis and 

how each chapter relates to the primary aims of the thesis. A summary of 

publication plans is also provided. Chapters flow from one another with earlier 

chapters building on from previous chapters to ensure a rigorous and thorough 

development process for the DCEs in this thesis. 
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First symptoms 

appear 
First GP 

appointment 

(Referral for further 

specialist testing) 
Diagnosis 

What are women’s 

preferences towards 

diagnostic testing 

for ovarian cancer?  

How does the 

number of choice 

tasks per 

respondent 

influence DCE 

findings? 

How does 

accounting for 

attribute non-

attendance (ANA) 

influence DCE 

outcomes?  

What are women’s 

preferences towards 

a potential ovarian 

cancer screening 

programme? 

Do preferences for 

ovarian cancer 

testing vary 

according to the risk 

of cancer/ presence 

of different 

symptoms? 

How does the 

existence and 

accommodation of 

indifferent preference 

influence DCE 

responses and 

outcomes? 

How do women 

prefer small risks 

(<1%) to be 

communicated 

within DCEs? 

How do uncertainties 

around the relationship 

between diagnostic 

delays and chance of 

survival affect 

preferences for 

diagnostic testing? 

1 2 3 4 

Asymptomatic period 

Patient interval 

Primary care interval 

Secondary care interval 

System interval 

Diagnostic interval 
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 2 

 3 

 4 

4 3 

4 3 2 + + 

+ 

What aspects of 

screening are most 

important to women 

considering testing? 

What are women’s 

priorities when 

facing diagnostic 

testing for ovarian 

cancer? 

Investigation of cancer 

symptoms 
Asymptomatic 

Objective ii: estimating preferences towards ovarian cancer diagnosis 

Objective iv: Methodological challenges relating to DCEs 

Objective iii: estimating preferences towards ovarian cancer screening 

How does 

accounting for 

attribute non-

attendance (ANA) 

influence DCE 

outcomes?  

Diagnostic interval: 

 

The research questions aim to investigate preferences at different stages along the diagnostic pathway and/or investigate methodological challenges relating to 
the elicitation of testing preferences 

Figure 1.1 Summary of the research questions  
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Figure 1.2: Overview of chapter aims, methods and results 

Aims: 

Results: 
 

• Fifty-two 

studies were 

identified, 49 

related to 

preference 

for cancer 

screening 

and only 3 

related to 

diagnostic 

testing 

 

• No studies 

relating to 

testing for 

ovarian 

cancer were 

identified 

 

• Women demonstrated a willingness and ability 

to express preferences toward diagnostic 

testing 

 

• Choices were primarily driven by the trade-off 

between accuracy (i.e. test sensitivity) and time 

to diagnosis 

 

• Preferences towards testing did not vary based 

on level of cancer risk as indicated by the 

severity of symptoms 

 

• Demand for testing was high even at low risk 

levels demonstrating the value of primary care 

testing 

 

• The introduction of survival further 

strengthened the focus on accuracy vs waiting 

times 

 

• There was substantial preference heterogeneity 

but sociodemographic associations were 

limited. 

• Rates of self-

reported ANA 

were high in 

both screening 

and diagnostic 

settings 

(~70%) 

 

• Estimated 

rates of ANA 

were higher 

when 

respondents 

were asked 

which 

attributes they 

“considered” 

rather than 

those they 

“ignored” 

 

• Adjusting for 

stated-ANA 

had no impact 

on aggregate 

MRS 

estimates 

 

 

• BWS results showed a 

clear prioritisation of test 

performance characteristics 

(e.g. mortality reduction, 

accuracy) over service 

delivery characteristics (e.g. 

location, waiting times, staff 

attitude).  

 

• Mortality reduction was the 

most important 

characteristic overall. 

 

• Screening decisions largely 

appeared to depend on the 

trade-off between false 

positive results and ovarian 

cancer deaths avoided. 

 

Results estimate a 

maximum screening uptake 

rate of 66% even when a 

100% reduction in mortality 

is achieved.  

• 19% of respondents 

indicated they would 

undergo screening based 

on current test performance 

despite no improvement in 

mortality 

 

Chapter 2 Chapter 3 Chapter 4 Chapter 5 Chapter 6 Chapter 7 Chapter 8 Chapter 9 Chapter 10 Chapter11 Chapter 11

Literature Diagnostic preferences Screening preferences 

Methods: 

Thesis objectives: 

• DCE estimates 

do not appear 

to vary based 

on the 

inclusion or 

exclusion of an 

indifference 

alternative  

 

• Exclusion of 

indifference 

responses 

may have 

detrimental 

impact on 

efficiency of 

experimental 

design. 

 

• No differences 

in error 

variance, MRS 

estimates or 

irrational 

responses 

were identified 

between 

earlier and 

later choice 

tasks within 

the 

experiment. 
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Chapter 2 describes the theoretical foundations of preference elicitation within 

health economics and provides an overview of the leading methods. This 

chapter discusses the motivations for the choice to use discrete choice 

experiment as the primary method for this thesis and provides an introductory 

summary of the key components of DCEs providing a foundation which is 

expanded throughout the course of the thesis. 

 

Chapter 3 provides background on ovarian cancer as the chosen case study 

for this thesis. The chapter highlights current challenges to early diagnosis of 

ovarian cancer and describes how a greater understanding of women’s may 

help to improve diagnostic outcomes is both a diagnostic and screening setting.  

 

Chapter 4 addresses the first aim of the thesis and presents the results of a 

systematic review of DCEs on cancer testing. There are several existing 

reviews on the topic: therefore the chapter begins by summarising existing 

systematic reviews in an overview of reviews to summarise existing evidence 

and identify any potential gaps. A systematic review focusing on methodological 

aspects of cancer testing DCEs is then conducted.  

 

Chapter 5 describes the attribute development process for the DCE relating to 

preferences towards diagnostic testing of ovarian cancer in primary care. The 

chapter utilises a multi-method approach by combining evidence from the 

systematic review in chapter 4 with a best-worst scaling questionnaire and 

interactive online workshops with the target population to identify the most 

relevant and important aspects of ovarian cancer testing. The chapter also 

describes the process of assigning levels to the attributes selected for inclusion. 

 

Chapter 6 describes the remaining DCE development process for the 

diagnostic DCE. The chapter draws upon leading guidance to create an 

effective DCE design embedded within an online survey. The chapter describes 

the development process beginning with defining the research questions, 

through to DCE development, survey design and piloting. The chapter utilises 

a number of technical methods including survey design and programming, 

efficient experimental design generation and cognitive interviewing.  
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Chapter 7 describes data collection, analysis and results of the final version of 

the diagnostic DCE designed in Chapters 5 and 6. DCE diagnosis results were 

used to calculate several post-estimation measures to aid interpretation and 

contextualise results within policy-related debates. These measures included 

willingness to trade between attributes, relative importance scores and demand 

for testing.  

 

Chapter 8 describes the findings of two methodological extensions applied to 

the DCE of diagnostic preferences. These methodological extensions focused 

on the influence of including an indifference alternative on DCE outcomes and 

how the number of choice tasks completed affects estimates based on the 

potential for learning and fatigue effects as DCE tasks progress. 

 

Chapter 9 describes the design of a DCE to investigate women’s preferences 

towards ovarian cancer screening. The development process builds on 

methods used in earlier chapters when developing the diagnostic DCE. This 

allowed descriptions of the development process to be streamlined, whilst still 

maintaining transparency in reporting. Due to the extensive presence of risk-

based attributes this chapter pays close attention to risk presentation during the 

development process.  

 

Chapter 10 presents the results of the final data collection for the DCE on 

ovarian cancer screening preferences. The DCE focuses on aspects of test 

performance and results were used to estimate the willingness to trade between 

the benefits (lives saved) and harms of cancer screening (e.g. false positive 

results). This chapter also builds on Chapter 8 by providing further analysis on 

self-reported attribute non-attendance as related to DCEs on cancer testing.  

 

Chapter 11 is the second methods focused chapter. The chapter combines 

evidence from both the diagnostic and screening DCEs relating to attribute non-

attendance. The chapter investigates rates of self-reported attribute non-

attendance, how stated non-attendance influences model estimates and how 

the framing of stated attribute non-attendance questions influences findings.  
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Chapter 12 consolidates the evidence presented throughout the thesis and 

discusses the implications of the results. The chapter then outlines the 

strengths and limitations of the thesis and highlights areas for future research.  

 

1.7 Ethical approval 
 

A large portion of the research activities within this PhD involved primary data 

collection. This meant ethical approval was required. Ethical approval for the 

primary data collected as part of the research conducted in this thesis was 

covered by two separate applications: 

 

i. Ethical approval for the online surveys with embedded best-worst 

scaling studies conducted in chapter 5 and 9 as part of the attribute 

selection process was granted by the University of Exeter Business 

School (UEBS) ethics committee in collaboration with a colleague 

from the University of Exeter Economics department (Application 

number: eUEBS003725). The UEBS ethics committee was identified 

as the most appropriate based on the strong methodological 

foundations of the survey methods in the business field (e.g. 

marketing and economics). The approval certificate for the 

application is provided in Appendix 1.1.  

ii. Ethical approval for remaining primary research conducted in 

chapters 5-7 and 9-11 was granted by the University of Exeter 

Medical School Research Ethics Committee (UEMS REC) 

(Application number: 20/09/261). This included quantitative and 

qualitative piloting activities as well as final data collection using an 

online survey instrument with DCE questions embedded.  The 

approval certificate for the application is provided in Appendix 1.2. 

 

All study plans were subject to peer review prior to submission of the ethics 

application and steps were taken to mitigate any of the potential risks 

associated with the planned research.  
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Online workshops conducted as part of the attribute development process in 

Chapter 5 were not subject to ethical approval as they were classified as Patient 

and Public Involvement and Engagement (PPIE) activity. Sessions were not 

recorded and are not intended for publication beyond inclusion in this thesis. 

The format of sessions and any ethical considerations (e.g. consent, right to 

withdraw, recruitment, renumeration) were designed based on consultation with 

PPIE colleagues at the University of Exeter.  

 

1.8 Note on terminology 
 

The thesis aimed to elicit the preferences of those who may be offered testing 

for ovarian cancer in the future (i.e. people with ovaries). Based on the advice 

received during the peer-review process conducted during the ethical approval 

application, all participant facing documentation referred to “people with 

ovaries” to ensure inclusivity of language. To maximise inclusivity whilst 

maintaining relevance to the research topic, participation in online surveys was 

limited using a biological sex filter (“female”) but was not limited by gender. No 

information was collected on the gender of respondents during the survey; 

however, at the time of data collection the pool of eligible participants (~8,000) 

included fewer than 25 transgender males or non-binary people3. 

 

Study instruments and all participant-facing documents were developed in 

consultation with cisgender women. Existing research on uptake of 

gynaecological services including cancer screening and diagnostic testing is an 

ongoing and currently limited area of research. Existing evidence suggests the 

barriers and facilitators of access to healthcare differ between cisgender 

patients and those whose gender identity does not conform with their sex 

assigned at birth (Dhillon et al., 2020; Gatos, 2018; Price et al., 2019; Seay et 

al., 2017). Therefore, it would be misrepresentative to assume the findings of 

this thesis are transferable to these populations. For these reasons, the word 

“women” is used throughout this thesis. It is acknowledged there is a very small 

chance that this may misgender a very small proportion of the sample.  

 
3 For privacy reasons Prolific does not provide an exact number of matching participants when the 
pool is lower than 25 
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Studies relating to the barriers and facilitators for access to gynaecological care 

(including investigative testing) for transgender and non-binary people is an 

important area for future research. 
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2 Preference elicitation methods: why and how 

preferences are elicited in healthcare 
 

2.1 Introduction 
 

The aim of this chapter is to provide an overview of the use of preference 

elicitation methods in healthcare. The chapter begins by providing an 

explanation of the importance of understanding preferences when considering 

healthcare provision. Next, a brief summary of current practices and ongoing 

debates is introduced, including an overview of methods that may be used to 

elicit preferences in healthcare. The later sections of the chapter focus on the 

primary elicitation method used throughout this thesis, discrete choice 

experiments. The chapter explains why discrete choice experiment methods 

are most appropriate for the research aims of this thesis before providing an 

introductory overview of the theoretical basis and key components of the 

methodology.  

 

2.2 Role of preferences in healthcare 
 

Preferences can have an impact on the satisfaction gained from an acceptance 

of health inventions and services, which in turn impacts outcomes. Increasingly 

rapid advances in technology have led to a growing number of complex 

treatment options, often indistinguishable when considering efficacy alone 

(Mühlbacher & Johnson, 2016). Competing treatment options use different 

health system resources and are associated with a unique set of risks and 

benefits, leading to differences in costs and patient burden. As a result, 

treatment decisions require a trade-off between the risks and benefits of each 

procedure: the importance of each varies between individual’s experiences, 

values and priorities (Ostermann et al., 2017). Increasing the involvement of 

patients and the public in healthcare decisions results in more responsive 

services leading to improved adherence and self-advocacy, resulting in 

improved health outcomes and increased patient satisfaction (Armstrong et al., 

2013; Florin & Dixon, 2004; Kleij et al., 2017). 
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For this reason, the incorporation of patient and public preferences is crucial to 

health policy. In the UK, efforts to incorporate preferences are encouraged at 

every level of healthcare provision, from an individual level where patient-

centred care and shared decision-making are central principles (Department of 

Health, 2015) through to the planning and commissioning level, where 

preferences are directly incorporated through the inclusion of patient experts 

on NICE decision panels and implicitly cost-utility analyses. Unfortunately, 

preferences have been frequently demonstrated to be misunderstood or 

diminished by healthcare providers and decision-makers (Mulley et al., 2012). 

Inaccurate measurement or misunderstanding of health users’ preferences may 

lead to inefficiencies and reduced quality in health service delivery (Kleij et al., 

2017; Mulley et al., 2012). Therefore, it is necessary that healthcare decisions 

are motivated by preferences generated from robust, theoretically underpinned 

methods. 

2.3 Current debates 
 

2.3.1 Process vs outcome utility 
 

Traditionally, particularly in relation to economic evaluations of health 

interventions typically limit the valuation of benefits to the health outcomes only 

(Drummond et al., 2015) - an approach grounded in the neo-classical 

framework of welfarism (Hurley, 1998). Welfarism is the normative approach to 

economics which seeks to achieve the most socially desirable outcomes based 

solely on the maximisation of utility obtained by individuals under the principle 

of Pareto efficiency (i.e. a scenario where it is not possible to improve one 

person’s situation without making someone else worse off) (Brouwer et al., 

2008). Consequentialism, a key tenet of welfarism, states utility is only derived 

from the consumption of goods and services, therefore outcomes generate 

utility but the processes that lead to such outcomes are neutral (Hurley, 2000).  

 

Extra-welfarism moves beyond Pareto efficiency, allowing for considerations 

beyond the maximisation of individuals’ utility. In theory, extra-welfarism allows 

for an expansion of the evaluative space in endless ways allowing for the 

inclusion of factors beyond utility that may be important to social as well as 

individual welfare (Culyer, 1989; Sen, 1993).  
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The enduring emphasis on outcomes as the main (or only) benefit of the 

healthcare interventions ignores the potential importance of the process of care 

in determining the value of interventions to individuals (Mooney, 1994; Mooney 

& Lange, 1993). “Process utility” may cover any aspect of the health intervention 

that influences an individual’s utility function but is not considered a final health 

outcome, for example waiting times or gender of the provider (Birch et al., 

2003). Any aspect of an intervention that affects an individual’s utility will have 

important consequences for their choices, particularly where outcomes may not 

differ between competing interventions. It is therefore important that the 

valuation of healthcare interventions incorporates elements of process where 

these differ between the alternative interventions under consideration, 

especially for cases such as diagnostic testing where participation and 

compliance is reliant on the voluntary actions of recipients (Brouwer et al., 2005; 

Donaldson & Shackley, 1997; Howard et al., 2008). 

 

2.3.2 Whose preferences matter?  
 

The provision and delivery of healthcare involves the interaction between 

multiple agents including patients, carers, health professionals, funders and 

policy makers, all of whom have their own set of preferences. Whose 

preferences to consider when allocating healthcare resources remains an area 

of ongoing debate (Dolan, 1999). 

 

The welfarist approach, favours the concept of individualism, viewing patients 

as best placed to make value judgements relating to healthcare. When making 

policy decisions, it is the patients who will directly benefit or suffer as a result, it 

is therefore reasonable to argue policy decisions should be based on the direct 

experiences of such individuals (Brouwer et al., 2008). Furthermore, patients 

are viewed as experts of their own experience meaning their preferences are 

likely to be well-formed and based on actual experiences even when 

responding to hypothetical scenarios, as required by most elicitation methods 

(discussed further in section 2.5) (Brazier et al., 2005). Indeed, studies have 

demonstrated the preferences of individuals with direct experience of the 
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disease or intervention of interest appear more stable or well-formed when 

compared with the general public (Neuman et al., 2010). 

 

Opponents of welfarism have criticised the reliance on patient preferences on 

several grounds. Ethically, it may not be appropriate or possible for patients 

currently living with conditions, many of whom may be very unwell, to complete 

complex preference elicitation tasks, especially those which involve valuing 

scenarios incorporating death (Ubel et al., 2003). Additionally, patient 

responses may not be entirely accurate or reliable. For instance, patients 

intentionally provide strategic responses to ensure continued access to 

resources or unintentionally provide skewed responses due to adaptation and 

acceptance of their current situation (Menzel et al., 2002). 

 

Many argue resource allocation using general population preferences may be 

fairer, particularly for countries such as the UK, where healthcare is publicly 

funded through taxation (Brazier et al., 2005). When specifically considering 

preferences within economic evaluations, leading experts (Weinstein et al., 

1996) and decision-making bodies (NICE, 2018), advocate the use of general 

population values, citing the ‘veil of ignorance’ argument, which postulates 

aggregated general public responses to elicitation tasks are not biased by self-

interest since there is no vested interest in any particular disease or intervention 

(Weinstein et al., 1996). However, lack of self-interest is of course gained at the 

expense of first-hand experience, increasing the likelihood of hypothetical bias 

(i.e. responses that do not reflect the choices if faced in real life) within observed 

choices during elicitation tasks (Hensher, 2010). 

 

2.4 Defining preferences in economics 
 

Economists assume that when making decisions between competing goods or 

services (including health interventions or even health states), individuals’ 

decisions are driven by one objective ‒ utility maximisation (Morris et al., 2012). 

Utility refers to the level of satisfaction an individual gains by consuming a good 

or service, it is a subjective concept driven by individual preferences (i.e. a 

greater preference for a good results in a higher utility gain from its 
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consumption) (Hensher et al., 2005c). Utility is a latent concept meaning it 

cannot be directly observed or measured, however, choices made between 

alternative options can reveal the underlying utility an individual associates with 

each alternative – this is the basis of utility-based preference methods 

(Samuelson, 1938).  

 

2.4.1 Choices, preferences and utility  
 

The relationship between utility, U and consumption of goods, X is represented 

by a utility function:  

U= U(X1, X2,….Xn) 

 

The utility assigned to each good is subjective and unique to each individual 

based on their preferences. 

 

Choice problems between alternative goods and services can be represented 

diagrammatically using indifference curves. Indifference curves show the 

combinations of goods where consumption yields the same level of utility.  The 

shape of indifference curve (i.e. steepness/convexity) is determined by 

preferences. Figure 2.1 shows an indifference map, a series of indifference 

curves where increased distance from the origin indicates higher levels of utility. 

The example shows just two goods for simplicity, however, the number of goods 

and combinations of goods may be infinite (Morris et al., 2012).  

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Indifference map 
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2.4.2 Marginal rate of substitution 
 

Marginal rate of substitution (MRS) refers to the amount of one good that would 

be required as compensation for a one-unit loss of another good in order to 

maintain the same level of utility. MRS is represented by the slope of the 

indifference curve. Indifference curves are assumed to be convex as a 

consequence of diminishing marginal utility, where the additional utility gained 

decreases as consumption of one good increases (Good X). Conversely, as 

consumption of the other good (Good Y) decreases, the loss in utility from 

additional sacrifices increases (Morris et al., 2012).  

 

2.4.3 Axioms of choice/preference  
 

Economic theory assumes preferences of individuals are rational in accordance 

with four axioms of Ordinal Utility theory (Hausman, 2011): 

1. Completeness- individuals are able to establish a preference ordering 

when comparing bundles of goods i.e. individuals are always able to 

establish whether they prefer or are indifferent to competing consumption 

options 

2. Continuity- the preferences of individuals are continuous (i.e. there are no 

jumps in people’s preferences) 

3. Transitivity- For any consumer if A ≥ B and B ≥ C then A must always be 

preferred to C. i.e. consumers are consistent with their preferences 

4. Non-satiation- Individuals always place a positive value on more 

consumption  

 

2.5 Preference elicitation methods 
 

Wide scale and formal incorporation of patient and public preferences in 

healthcare decision-making requires the development of robust and reliable 

methods of preference elicitation.  
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Figure 2.2 gives a simplified view of the main methods used to measure 

preferences within healthcare. Classifications within Figure 2.2 are adapted 

from Ali and Ronaldson (2012). 

 

2.5.1 Revealed vs stated preferences 
 

Revealed preference data relates to the observed choices of individuals in real-

world situations (Adamowicz et al., 1994). The big advantage of revealed 

preference methods is that data reflects actual choices, avoiding well-

documented problems associated with the use of hypothetical decisions such 

as strategic responses or failure to fully consider the constraints of a 

hypothetical decision, which may lead to a gap between what people say they 

will do and what they actually do (Hensher et al., 2005b). However, reliance on 

observable data means revealed preference studies are limited to the analysis 

of situations that currently exist and where there is some degree of observable 

variation in the attributes of alternatives. In practice, this typically restricts 

revealed preference data to market goods, limiting potential applications to 

healthcare problems, particularly in countries with universal, free at the point of 

use healthcare systems like the UK (Boyle, 2003; Maclennan & Williams, 1980).  

 

Stated preference methods are a response to the limited availability and 

shortcomings of revealed preference data. These methods collect data relating 

to preferences using experimental or survey-based methods where 

respondents state what their choices would be in hypothetical market situations 

(Hensher et al., 2005b). Stated preference techniques allow for the analysis of 

preferences for both market and non-market goods where consumption 

patterns are currently unavailable or unobservable, including the introduction of 

new or conceptual products. By allowing researchers to vary attributes without 

restriction, stated preference methods also allow the responsiveness (elasticity) 

of demand to changes such as price increases or improvements in quality to be 

considered more thoroughly (Bridges, 2003).  

 

Stated preference methods fall in to two key categories: cardinal utility and 

ordinal utility measures.  
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Figure 2.2: Overview of key preference elicitation methods in healthcare 
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2.5.2 Cardinal utility methods 
 

Cardinal methods assume that preferences can be assigned a value according to a 

predetermined interval scale (Brazier et al., 2017). Cardinal methods are historically 

seen as the gold standard in the estimation of HSUVs used to calculate QALYs for 

use in cost-utility analysis – a cornerstone of economic analysis of healthcare 

interventions in England and Wales (NICE, 2018).   

 

Three of the most used cardinal preference elicitation methods within healthcare are 

rating tasks (and visual analogue scale in particular), standard gamble (SG) and time-

trade off (TTO) techniques.  

 

2.5.2.1 Rating tasks and visual analogue scales (VAS)  

 

Rating tasks require participants to indicate the value they place on a series of items 

of interest (e.g. health states, health outcomes) with respect to a clearly defined scale. 

In healthcare, the visual analogue scale (VAS) is the most commonly used rating 

method (Drummond et al., 2015). Units on the scale range from 0-100 where zero 

typically represents death and 100 represents full health. The distance between items 

on the scale is intended to have interval properties, allowing quantitative estimation of 

preferences between items (Brazier et al., 2017). Rating tasks, including VAS are 

based on pragmatism as opposed to being theoretically driven. As a result, methods 

are subject to widescale criticism. In particular, respondents are not forced to 

discriminate between items, limiting the information that can be gained from responses 

(i.e. all items can be assigned the same utility). Furthermore, rating does not consider 

opportunity costs since respondents are not required to consider any trade-offs 

between items (Torrance et al., 2001).  

 

2.5.2.2 Time-trade off (TTO) 

 

TTO involves asking a respondent to make trade-offs between the length of life and 

quality of life by stating the point of indifference between time spent in a diminished 

health state and a reduced time period spend in full health (Dolan et al., 1996; 

Torrance, 1976).  
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2.5.2.3 Standard Gamble (SG) 

 

Standard gamble (SG) replaces time considerations with a risk component by 

requiring respondents to state the point of indifference between a certain diminished 

health state and a gamble between an improved health state and immediate death 

(Drummond et al., 2015).  

 

Despite their dominance, cardinal methods are subject to several shortcomings. For 

instance, matching methods may be inappropriate for elderly or vulnerable groups due 

to their complexity and the explicit consideration of death (Coast et al., 2008). 

Crucially, such methods tend to focus solely on health outcomes (typically health 

states), neglecting the potential implications of process utility (Ali & Ronaldson, 2012). 

Cardinal methods are capable of measuring process utility but applications are 

infrequent and the ability to measure trade-offs between outcomes and processes is 

limited (Howard et al., 2008). 

 

2.5.3 Ordinal utility methods 
 

Ordinal methods focus on  the relative order of preferences for two or more alternatives 

without directly establishing the degree of preference of one alternative over the other 

(i.e. the magnitude of preferences is not meaningful) (Board, 2009; Brazier et al., 

2017). Ordinal methods allow for the full consequences of health interventions (i.e. 

health outcomes, non-health outcomes and process attributes) to be considered 

simultaneously (Ali & Ronaldson, 2012). Ordinal methods are sometimes used to 

value health states, most notably being used in the estimation of QALY weights for the 

EQ-5D-5L (Bansback et al., 2012; Devlin et al., 2018). In general, ordinal preference 

elicitation is more commonly used to evaluate healthcare services, products and 

policies due to the ability to estimate a wide range of welfare measures including 

demand, elasticity of demand and the willingness to trade (i.e. marginal rate of 

substitution) between different aspects of interventions (Brazier et al., 2017).  

 

Following Carson and Louviere (2010), ordinal methods can be separated in to two 

distinct categories; conjoint analysis and discrete choice experiments.  
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2.5.3.1 Conjoint analysis  
 

Conjoint analysis requires respondents to rate or rank a series of ‘profiles’ that 

describe alternatives (e.g. goods, services, health interventions, health profiles) in 

terms of multiple attributes. Attributes capture the key features of the alternatives (in 

the case of healthcare interventions), this may be a combination of outcomes and 

process characteristics. Economic modelling is used to analyse the ordering of profiles 

allowing the importance of each attribute to be inferred (Boyle et al., 2001).  A further 

extension of this method is adaptive conjoint analysis, where choice sets are updated 

and adapted according to previous choices in attempt to improve the efficiency and 

increase the potential number of attributes within surveys without the associated 

increase in cognitive and time burden placed on respondents (Green et al., 1991).  

 

Conjoint analysis is commonly used in marketing but is not widely used within 

healthcare and is subject to criticism. For instance, conjoint analysis requires the 

simultaneous evaluation of a large number of alternatives (typically between 12-30 

profiles), an activity which is not only highly burdensome for respondents but also not 

reflective of decision-making in the real world (Louviere, 1988). Furthermore, conjoint 

analysis is fundamentally a ranking or rating exercise and is therefore subject to all the 

shortcomings associated with these methods (section 1.5.2), meaning responses may 

not align with the theories of economic demand underpinning the economic models 

used to explain choices and analyse responses (Louviere et al., 2010). 

 

2.5.3.2 Discrete choice experiments (DCE) 
 

DCEs require respondents to complete a series of choice tasks (Figure 2.3) where 

they must state their choice between two or more hypothetical alternatives (or profiles) 

used to describe the competing options of interest (e.g. diagnostic tests, treatments 

etc.) as specified within the research question (Ryan et al., 2008).  

 

Similar to conjoint analysis, profiles (or alternatives) describe alternative interventions 

according to key characteristics (“attributes”), each of which may consist of a number 

of variations (“levels”). By considering all the information and selecting the alternative 

that yields the highest utility, respondents implicitly make trade-offs between the 

perceived advantages and disadvantages of each alternative when choosing between 
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profiles. Through the completion of a series of choice tasks where attribute levels are 

varied systematically according to an underlying experimental design structure, it 

becomes possible to measure the influence of each attribute on the choice of the 

decision maker (Ryan et al., 2001). 

 

In comparison to conjoint analysis techniques, DCEs represent a relatively 

straightforward task that is more representative of real-world decisions since the 

comparison of profiles is limited to the identification of the most preferred option 

amongst a small number (usually limited to two or three) of alternatives (Louviere et 

al., 2010).  The combination of reduced cognitive burden for respondents and strong 

theoretical foundations (see section 1.6) mean discrete choice experiments are a 

leading choice-based method within healthcare to date (de Bekker‐Grob et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.5.3.3 Best-worst scaling 
 

Best-worst scaling (BWS) was introduced by Finn and Louviere (1992) as an extension 

of, or alternative to, discrete choice experiments. During BWS tasks, participants 

respond to a series of tasks where they are shown a subset of items and asked to 

select the “best” or “most important” item and the “worst” or “least important” item. 

Simultaneously examining items selected as “most” and “least” concern provides 

Figure 2.3: Example of a DCE choice task 

Alternative 

Level 
Attribute 
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greater information than examining most important items alone, allowing the 

underlying scale to be inferred (Louviere et al., 2015).  

 

For example, if a choice set contains 4 items; A, B, C and D, and a respondent 

identifies A as most important; we know that A is preferred to all other items in this set; 

however, the overall ordering is unknown with six potential relationships (ABCD, 

ABDC, ACBD, ACDB, ADBC or ADCB). However, if the respondent also indicates that 

D is least important, then according to the property of transitivity, from a single choice 

task we can infer the ranking of these for attributes for this individual can only be either 

ABCD or ACBD.  

 

The completion of several choice tasks with varying subsets of items allows the 

importance of attributes to be estimated according to an underlying latent scale. A 

benefit of BWS is a full, proportionally-scaled ranking of a large number of attributes 

can be achieved with a relatively small amount of choice tasks (Finn & Louviere, 1992).   

 

Summary box 2.1: Rationale for using discrete choice experiments to investigate preferences within this 
thesis  
 
The aim of this thesis was to understand preferences towards ovarian cancer testing with the fundamental 

aim of highlighting improvements that may lead to earlier diagnosis. The ability to include both process and 

outcome attributes was a key motivation for the decision to use DCE methods within this thesis.  

 

The investigation of preferences within this thesis was not limited to outcomes alone. Preferences towards 

diagnostic processes and experiential factors such as waiting times are also important aspects of 

healthcare delivery and impact adherence and help-seeking behaviour. As such, the ability to measure 

trade-offs between process and outcome characteristics was a crucial component of this thesis. The use 

of DCEs allows for an exploration of the marginal rate of substitution between the favourable and 

unfavourable aspects of testing whilst avoiding explicit elicitation. This indirect approach utilised within DCE 

methods means strategic behaviour and associated biases (e.g. protest bids) can be avoided (Hanley et 

al., 2001). 

 

Finally, repeated choice tasks with varying attributes across a range of levels increases the richness of 

data and the potential for transferability of findings across healthcare contexts. The focus on attribute-level 

rather than intervention-level preferences means that whilst choice tasks can be contextualised to the 

specific issues relating to ovarian cancer testing, findings are more likely to be applicable to other disease 

areas (Rolfe et al., 2015). For example, providing insights into the trade-off between waiting times and 

accuracy in cancer testing more generally. 
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2.6 Theoretical foundations of DCEs 
 

Discrete choice experiments have a strong theoretical foundation based on several 

normative economic theories that describe how people are assumed to make 

decisions with Lancaster’s demand theory forming the foundations of DCEs.. 

 

2.6.1 Lancaster’s theory- demand theory 
 

Prior to the publication of Lancaster’s seminal 1966 paper: A New Approach to 

Consumer theory, leading theory on consumer behaviour could be described as a 

“goods are goods” approach, whereby consumption decisions were exclusively based 

on preferences for goods themselves rather than the distinguishing, intrinsic properties 

that define every good/service (Debreu, 1959). Despite the prevalence of this theory, 

it failed to explain many aspects of observable consumer behaviour such as variations 

in taste across individuals. 

 

In response to the shortcomings of this goods-focused theory, Lancaster (1966) 

proposed an alternative theory of demand which now forms the theoretical basis for 

any attribute-based valuation method. The theory consisted of three main 

assumptions: 

 

1. Goods, per se, do not provide a consumer with utility, instead goods possess 

characteristics, and it is these characteristics that derive utility 

2. Goods will generally possess more than one characteristic and characteristics 

may be shared by more than one good. 

3. Goods consumed in combination may possess different characteristics 

compared to when they are consumed separately  

 

Although this theory may seem quite straightforward, it accounted for many economic 

phenomena that were previously observable but unexplainable under the ‘goods are 

goods’ approach. For example, assumption one explains the willingness to pay a 

premium for luxury brands. Assumption two provides an explanation for why some 

goods are considered close substitutes (e.g. paracetamol and ibuprofen to relieve mild 

to moderate pain) whereas assumption three explains how some goods are 
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considered complementary (e.g. Antihistamine tablets and Sodium Cromoglicate eye 

drops to relieve hay fever symptoms), demonstrating increased utility when consumed 

together.  

 

When considering preference estimation, Lancaster’s theory allows for several 

important inferences. Firstly, the values placed on each characteristic can be summed 

to estimate the value of a good or service as a whole (Ryan, 2004), meaning 

preferences can be examined at both an aggregate ‘good’ level and characteristic 

level. This approach allows us to predict how preferences will change when we modify 

the options or baskets presented to consumers by studying how these vary according 

to the change in the characteristics that make them up. By relying on a study of the 

characteristics rather than the goods or service involved, we can predict how 

consumer behaviour is expected to change when new goods are introduced into the 

marketplace by considering the preferences for the underlying characteristics that 

make up the new item.  

 

 

2.6.2 Random Utility Theory (RUT) 
 

Random utility theory (RUT) introduced by Thurstone (1927) and developed by 

McFadden (1974; 1986) forms the theoretical basis of most DCEs (and BWS studies) 

conducted in healthcare to date. Random utility theory still assumes that consumers act 

rationally according to the axioms of choice, so does not attempt to explain irrational 

behaviour but rather the unavailability of underlying information required by researchers. 

RUT assumes that individuals derive a certain level of utility from consumng any good 

and when presented with competing options individuals make selections according to 

utility maximisation subject to any constraints (e.g. budgetary, time). In reality, utility is a 

latent concept that cannot be fully observed. Instead, utility consists of two components; 

a deterministic element that can be observed and measured through the choices of 

individuals and a random, unobservable and/or unmeasured element.  

Therefore, in the context of DCEs, the latent utility, U for individual, n for a given profile 

or scenario, i can be estimated by the following equation: 

 



 52 

Uni = Vni + εni 

(eq. 1) 

V, represents the deterministic component of utility constructed of all the attributes and 

levels included within the DCE (Xi) combined with any explicitly measured covariates (i.e. 

personal characteristics) (Zi). ε, represents the random component of utility consisting of 

all other factors that influence the preference of individual, n toward scenario, i. This 

random component, ε, may consist of observable factors that are not captured by the 

DCE (i.e. unobserved personal characteristics) and/or fundamentally 

unobservable/inconceivable factors relating to variations in utility/preferences. 

 

The deterministic element of utility is typically modelled according to equation 2: 

 

Vni = β𝑋𝑛𝑖 +  𝛾𝑍𝑛 

(eq.2) 

where β is a vector that represents the weight of each attribute on the overall utility of 

alternative i and γ is a vector of respondent characteristics (i.e. covariates). β-coefficients 

are also known as part-worth utilities and their size indicates importance of a particular 

attribute on an individual choice and the direction indicates whether this effect is positive 

or negative. Part-worth utility estimates can be used to calculate the relative importance 

of attributes and the willingness to trade between attributes based on the marginal rates 

of substitution. Additionally, part-worth utilities can be summed to calculate the total utility 

of competing alternatives (e.g. different diagnostic tests) or predict uptake rates. 

Since the actual distribution of this random component is unknown, a probabilistic 

function is used to estimate choices within a DCE. The probability of selecting profile, i 

from a set of alternatives, j can be expressed as: 

 

Pi = P(Uni > Unj) 

                  = P(Vni + εni > Vnj + εnj) 

                            = P( Vni - Vnj>  εni - εnj) ∀ j≠i 
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(eq. 3) 

The probability of choosing profile i from alternatives is directly observed during the DCE. 

The equation demonstrates that a high probability of choosing alternative i, implies a high 

probability of the deterministic utility of i (allowing for random errors), is greater than the 

deterministic utility of alternatives, n. RUT assumes a joint distribution for εi and 

estimation models are derived by assuming a distribution for this random component of 

utility.  

 

2.6.3 Analysis of choice – modelling approaches 
 

Multinomial logit model (MNL) 
 
The multinomial logit model (MNL) (or Conditional Logit model) is the most commonly 

used discrete choice model (Soekhai et al., 2019) and is used as a starting point for 

analysis throughout the empirical chapters of this thesis.  

MNL assumes errors follow an independent and identical (i.i.d) type 1 Gumbel 

distribution meaning the error term has a mean of zero and there is no correlation in the 

error term across alternatives or across choices. This means the probability of individual, 

n, choosing alternative, i can be represented by the following equation: 

 

𝑃𝑛𝑖 =  
𝑒𝑉𝑛𝑖

∑ 𝑒𝑉𝑛𝑗𝐽
𝑗=1

 

(eq.4) 

 

Replacing V in eq. 4 using eq. 2 gives: 

 

𝑃𝑛𝑖 =  
𝑒(β𝑋𝑛𝑖+ 𝛾𝑍𝑛)

∑ 𝑒(β𝑋𝑛𝑗+ 𝛾𝑍𝑛)𝐽
𝑗=1

 

(eq.5) 
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Mixed logit (ML) 

 

The mixed logit model (also known as random parameters logit) is used to accommodate 

and evaluate the extent of preference heterogeneity across choice data. The ML 

introduces a greater level of flexibility by allowing some or all model parameters (which 

are fixed within MNL models) to become random across respondents, based on a 

specified distribution (Train, 2009). 

 

In practice, this means the utility function (eq. 1) relating to the utility that decision maker, 

n obtains from alternative, i becomes:  

 

Uni = 𝛽𝑛𝑋𝑛𝑖 + εni 

(eq.6) 

This function is almost identical to the utility function underpinning the MNL model except 

𝛽-coefficients are now indexed by n (i.e. coefficients become individual-specific, 

reflecting personal tastes and preferences).  

 

Utility is now dependent on an individual-specific set of coefficients. If 𝛽𝑛 was observable 

for each individual, then the choice probability becomes a standard MNL model (i.e. the 

probability is conditional on 𝛽𝑛):  

 

𝐿𝑛𝑖(𝛽𝑛) =  
𝑒(𝛽𝑛𝑋𝑛𝑖)

∑ 𝑒(𝛽𝑛𝑋𝑛𝑗)𝐽
𝑗=1

 

(eq. 7) 

 

However, in practice  𝛽𝑛 is unobservable. Instead, 𝛽𝑛 is modelled as a random variable 

which differs between respondents according to a density 𝑓(𝛽), which is a function of 

parameters θ. This means an unconditional choice probability must be estimated. This 

is achieved by integrating the conditional choice probability, 𝐿𝑛𝑖(𝛽𝑛) over all possible 

variables of 𝛽𝑛: 

𝑃𝑛𝑖(𝛽𝑛) =  ∫
𝑒(𝛽𝑛𝑋𝑛𝑖)

∑ 𝑒(𝛽𝑛𝑋𝑛𝑗)𝐽
𝑗=1

𝑓(𝛽)𝑑(𝛽) 

(eq. 8) 
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Put simply, the mixed logit probability is achieved by taking an average of all possible 

conditional choice probabilities (for all possible values of 𝛽𝑛) weighting by the likelihood 

of observing a particular 𝛽𝑛 in the population according to the density function. In 

practice, rather than estimating fixed model coefficients, the research specifies a 

distribution for the coefficients and model estimates relate to the parameters for this 

distribution (Hensher et al., 2005c; Train, 2009). The requirement to make distributional 

assumptions about the distribution of heterogeneity is the primary limitation of the ML 

model. However, Greene and Hensher (2003) argue this limitation is somewhat offset 

by the flexibility of the model and the ability to specificity unobserved heterogeneity at 

the individual level. A secondary limitation is the computational power required to 

estimate ML models, particularly where interactions are included to assess the 

influence socio-demographic characteristics on preferences.  

 

Latent class logit 

 

The final model used throughout this thesis is a latent class model (LCM). Similar to the 

mixed logit model, LCM models are used to explore preference heterogeneity within 

models. However, unlike mixed logit which estimates the random parameters following 

a continuous joint distribution, the LCM assumes preference heterogeneity can be 

captured within a discrete number of preference classes. Each with a separate utility 

function meaning unobserved heterogeneity is captured by these preference classes. 

Respondents are probabilistically assigned to classes based on the underlying latent 

structure of preferences (Train, 2009). 

 

The LCM model simultaneously estimates attribute parameters using a MNL model for 

each class and predicts the probability of an individual belonging to a specific preference 

class (Shen, 2009). 

 

The probability that individual, n chooses alternative i, given the individual is a member 

of preference class, c is given by equation 9: 

 

𝑃𝑛𝑖|𝑐 =  
𝑒(β𝑐𝑋𝑛𝑖)

∑ 𝑒
(β𝑐𝑋𝑛𝑗)𝐽

𝑗=1

  c=1,…C 

       (eq. 9) 
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Class membership is also modelled in MNL form:  

 

𝐻𝑛𝑐 =  
𝑒(𝛾𝑐𝑍𝑛)

∑ 𝑒(𝛾𝑐𝑍𝑛)𝐶
𝑐=1

 c=1,…C, 𝛾𝐶=0 

(eq. 10) 

 

Where 𝐻𝑛𝑐 denotes the probability that individual, n belongs to class c. Where 𝛾𝑐 is the 

parameter vector for 𝑍𝑛, a set of observable characteristics included in the model as 

explanatory variables determining class membership (i.e. sociodemographic differences 

between preference classes). The parameter vector for the final preference class C is 

normalised to zero to allow model identification to be achieved.  

 

The semi-parametric approach of the LCM overcomes from of restrictive distribution 

assumptions required in ML model (Greene & Hensher, 2003) . Instead, the primary 

obstacle when using LCM is the specification of the number of classes. The number of 

classes included in the LCM must be imposed by the researcher. The appropriate 

number of classes is typically determined by estimating multiple models with different 

numbers of classes and examining several post-estimation criteria used to assess model 

fit. Most frequently log-likelihood (LL) and Bayesian information Criteron (BIC), although 

Akaike Information Criterion (AIC) and Consistent Akaike Information Criterion (CAIC) 

are also commonly considered (Shen, 2009). Each criteria assigns different penalties 

based on model characteristics based on the number of parameters to be estimated and 

sample size. In all cases, models with lower criteria values indicate a better fit. However, 

a key caveat is class sizes may need to be restricted in order to aid interpretability as 

increasing numbers of classes may become indistinguishable differences in preferences, 

and significance of parameters may be impacted if sample size is not sufficient to 

accommodate the segmentation. 

 

Overall, both ML and LCM provide useful and acceptable approaches to accommodating 

preference heterogeneity (Greene & Hensher, 2003). Comparisons of the two 

approaches are inconclusive, although a limited number of studies suggest LCM may 

marginally outperform ML (Shen, 2009). 
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When exploring heterogeneity in this thesis, ML is used to initially understand the scope 

of heterogeneity within samples. LCM is used as follow up model to understand 

sociodemographic associations with preference heterogeneity.
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2.7 Key steps of DCEs 
 

DCE methods have been outlined in detail within several methodological guidelines 

(Bridges et al., 2011; Coast et al., 2012; Hauber et al., 2016; Johnson et al., 2013; 

Lancsar & Louviere, 2008). The key steps involved in undertaking a DCE are 

summarised in this section (Figure 2.7). Specific details relating to each step are 

discussed in greater detail in proceeding chapters.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: Key steps required to design and conduct a discrete choice experiment 

Research 
question 

Attribute 
identification 

Attribute 
selection 

Level selection 

Construction of 
tasks 

Experimental 
design 

Survey design 

Piloting 

R
e
fi
n

e
m

e
n

t 

Stage 1: Defining the research question 

Stage 2:                      
Attribute development 

Stage 3: DCE composition 

Stage 4: Instrument design 

Stage 5: Piloting 

Data               
analysis 

Final data 
collection 

 Interpretation 

Stage 6: Final 

data analysis 



 59 

A well-conceptualised research question with a clearly defined purpose and 

perspective are essential for meaningfully designed and implemented DCEs (Bridges 

et al., 2011). The format of choice tasks should also be determined early on, including 

decisions relating to the number of alternatives per choice tasks, whether alternatives 

are labelled (e.g. ‘blood test’, ‘CT scan’, ‘ultrasound’) or generic (e.g. ‘Test A’, ‘Test B’) 

and whether respondents are forced to choose between alternatives or are provided 

a ‘opt-out’ option (Lancsar & Louviere, 2008). To maximise external validity, choice 

formats should simulate the actual choice if faced in real life as closely as possible 

and based on the outcomes of interest. For example, where estimating uptake, a 

labelled alternatives and an opt-out option may be most appropriate for accurately 

modelling participation. Alternatively, if measuring the marginal rate of substitution 

between attributes is the primary object then an unlabelled, forced choice format may 

be more beneficial.  

 

The choice of attributes and associated levels within DCEs ultimately determines the 

legitimacy of results implying attribute selection requires a rigorous approach (Bridges 

et al., 2011). The importance of any given attribute is calculated relative to the other 

included attributes within the study, therefore if central characteristics of an 

intervention are excluded or misunderstood by respondents the results are likely to be 

biased and less valid in the context of the research question. As a minimum, the 

selection of attributes should be based on a review of existing literature or policy 

questions with guidance typically advocating the use of qualitative methods such as 

interviews/focus groups with industry experts, patients and a sample of the target 

audience as several key points throughout the process to ensure the 

comprehensiveness and completeness of final attributes (Coast et al., 2012). The total 

number of attributes is context-specific but is typically limited to between 4-9 (Soekhai 

et al., 2019). 

 

Similar to attributes, levels should be evidence-based and may be defined according 

to specific, currently available options or more generically to allow for the incorporation 

of future options within the existing framework. Levels may be defined categorically 

(e.g. blood test, ultrasound), continuously (e.g. number of days, costs) or binarily (e.g. 

yes/no) (Lancsar & Louviere, 2008). Levels should be plausible (i.e. the total range 

should only cover what is meaningfully required) whilst also remaining distinguishable 



 60 

and interpretable to respondents (i.e. limited number of levels not too close together) 

(Bridges et al., 2011). 

 

Choice sets are typically limited to between 8-32 questions per respondent and are 

chosen according to an experimental design which aims to maximise the preference 

information that can be gained from respondent choices. For the majority of DCEs 

including all possible combinations of attributes and levels (‘full factorial design’) is not 

achievable (Johnson et al., 2013).  Instead, a fractional factorial design using a sample 

of choice sets is generated using statistical software such as Ngene or SAS.  

 

Survey instrument design is also an important step in the development process. When 

designing choice tasks, attribute wording, ordering and framing are important 

consideration and may influence responses (Howard & Salkeld, 2009; Kjær et al., 

2006). Additionally, it is important to consider the sampling strategy and mode of 

administration which may vary from self-completed or interviewer-administered tasks 

either electronically or pen-and-paper. Each method having benefits and limitations in 

terms of costs and number and quality and rate of response. Well-designed training 

materials, practice questions and contextual information are also important for 

maximising the quality of responses. Finally, researchers usually wish to include 

additional background questions to provide context and aid the analysis and 

interpretation of results (e.g. sociodemographic information, attitudes and beliefs). 

 

Following the formative stages of DCE design, a pilot study should be conducted 

(Lancsar & Louviere, 2008). Piloting should mirror the intended final data collection 

process and aim to test task complexity, understanding of attributes and levels and 

response rates. Findings from piloting inform sample size calculations and may 

highlight flaws in the existing DCE design which can be amended before proceeding 

to final data collection  (Hensher et al., 2005b). 

 

Data are analysed by applying econometric modelling techniques. Model selection 

should be informed by economic and behavioural theory and statistical considerations 

relating to model fit (Bridges et al., 2011). Conditional logit is the default model for 

many studies, before fitting alternative models based on different assumptions about 

the distributions and properties of the random error component of utility and underlying 
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relationship structure of included attributes (Hauber et al., 2016). To aid interpretation, 

model estimates are then used to calculate additional welfare outcomes such as 

uptake, elasticity of demand and marginal rates of substitution, commonly in the form 

of willingness to pay (WTP) estimates. 

 

2.8 Chapter summary 
 

This chapter introduced the economic theory underpinning preference elicitation and 

described leading preference elicitation methods. Preferences are the underlying 

determinant of the of utility gained from consuming a good or service. Rational 

consumers make choices with the objective of maximising their utility. This means 

preferences can be inferred by examining the choices of consumers.  

 

Revealed preference methods are the optimal method for estimating preferences, 

however, measurement is reliant on availability of observable data which is often not 

possible in healthcare settings due to the non-market nature of medical goods. Stated 

preference methods provide an alternative approach to preference elicitation and 

involve observing choices in hypothetical market scenarios.  

 

The discrete choice experiment was identified as the most appropriate stated 

preference method for this thesis due to the ability to measure trade-offs between 

outcomes and process attributes. This feature is less common in other leading 

methods within health economics (e.g. TTO and SG) which typically focus on 

outcomes only. 

 

The final sections of the chapter introduced the theoretical foundations and key stages 

of DCEs. These concepts are expanded during later chapters.   
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3 Ovarian cancer: current challenges and the role of 

preferences 
 

3.1 Introduction 
 

This chapter provides an overview of ovarian cancer including key statistics (relating 

to incidence, diagnosis, and prognosis), diagnostic guidance in primary care and 

current challenges and barriers to earlier diagnosis - which can lead to improved 

outcomes. The chapter presents examples of how women’s preferences may be 

useful in addressing some of the challenges to earlier diagnosis, summarising existing 

evidence about preferences towards ovarian cancer and highlighting key evidence 

gaps. 

 

3.2 Ovarian cancer statistics 
 

3.2.1 Ovarian cancer incidence 
 

Ovarian cancer is the 6th most common cancer in females in the UK, with 

approximately 7,500 new cases diagnosed annually, accounting for 4% of all new 

cancer cases in females (Cancer Research UK, 2019). Ovarian cancer incidence is 

strongly correlated to age, with incidence rates increasing steeply from the age of 40 

and peaking in women aged 75-79 (72 cases per 100,000 compared to overall 

incidence rate of 22.7 cases per 100,000).  

 

3.2.2 Stage of diagnosis and prognosis 
 

At present, over 50% of ovarian cancer cases with a known stage are diagnosed at a 

late stage (III or IV) (Figure 3.1) (Cancer Research UK, 2019). Average survival for 

ovarian cancer is low: on average - 46% of women in England and Wales will survive 

five or more years. Stage of diagnosis has huge implications on survival. Five-year 

survival for women diagnosed with stage IV cancer is just 13%, as opposed to 93% 

for women diagnosed at stage I (ONS, 2019b). Alongside prognosis, stage at 

diagnosis also has cost implications, with one study estimating average treatment 

costs for stage IV are three times higher than costs of treating stage I ovarian cancer 

(Incisive Health, 2014). 
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3.2.3 Routes to diagnosis 
 

The route to diagnosis has important implications on stage at diagnosis and ultimately 

survival.  Figure 3.2 demonstrates trends in routes to diagnosis between 2006-2016, 

which is the most recently available public data (NCRAS, 2019a). Notably, reduced 

access to primary care during the Covid-19 pandemic is likely to have had an impact 

on routes to diagnosis. In England, a large proportion of cases are diagnosed through 

referral from primary care, either following the two-week wait pathway (~35%) or 

routine referral (~25%). Despite a trend towards increasing diagnosis via referral in 

primary care over time, around a quarter of cases are diagnosed following emergency 

presentation (for example, via Accident and Emergency admission). Eighty percent of 

cases diagnosed following emergency presentation are diagnosed at a late stage, 

whereas 6 out of 10 cases identified via GP referral are diagnosed at stage I or II4 

(NCRAS, 2019b). Improved prognosis based on route to diagnosis highlights the 

important role of early identification of ovarian cancers in primary care.  

 

 

 

 
4 Calculations are based on cases where the stage of diagnosis was known 

Figure 3.1: Proportion of ovarian cancer cases diagnosed at each stage and five-year survival 
statistics based on stage at diagnosis 
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Figure 3.2: Percentage of ovarian cancer diagnosis by presentation route over time 

 
 
 
 
 
 
 

3.3 Investigation of ovarian cancer in primary care 

 

In England and Wales, recommendations on how to recognise and manage patients 

with suspected ovarian cancer in primary care are outlined by NICE Suspected cancer: 

recognition and referral (NG12) guidance (NICE, 2015), summarised in Figure 3.3.  

Initial recommendations for testing are based on presenting symptoms. Urgent referral 

under the two-week wait pathway is advocated for any woman if physical examination 

identifies ascites (a build-up of fluid in the abdomen) and/or a pelvic or abdominal 

mass. Women, particularly those over 50, who report experiencing symptoms 

commonly associated with ovarian cancer (e.g. bloating, pelvic pain, new onset IBS 

symptoms) on a frequent or persistent basis should be investigated in primary care. 

For women with more generic symptoms such as unexplained weight loss or fatigue, 

ovarian cancer may also be considered as a possible cause. 

0%

10%

20%

30%

40%

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Year of diagnosis

Screen detected Two Week Wait GP referral
Other Outpatient Inpatient Elective Emergency presentation

Source: National Cancer Registration and Analysis Service, 2019 
 



 

   
 

 

T
e
s
ti
n
g
 i
n
 p

ri
m

a
ry

 c
a
re

 

Woman presents at GP  

Further investigation in 

primary care 

Advise woman to return to GP if 

symptoms become more frequent/ 

persistent  

Urgent referral to secondary 

care for diagnosis (2WW) 

Women (especially over the age of 50) reporting any of the following symptoms on a 
persistent (over a month) or frequent (12+ times per month) basis:  

• Persistent abdominal distention  
• Feeling full and/or loss of appetite 
• Pelvic or abdominal pain 
• Increased urinary urgency and/or frequency 

 

OR 

 

Any woman over the age of 50 who reports experiencing symptoms suggestive of a new 
case of irritable bowel syndrome. 

Physical examination identifies 
ascites and/or pelvic or adnominal 

mass  

Women reporting more general symptoms:  
• Unexplained weight loss 
• Fatigue  
• Changes in bowel habits 

CA125 test 

≥35 IU/ml <35 IU/ml 

Ultrasound of abdomen and 
pelvis  

Suggestive of ovarian cancer Normal 

Are there any other clinical causes of symptoms apparent? 

P
re

s
e
n
ti
n
g

 s
y
m

p
to

m
s
 

O
u
tc

o
m

e
 

Figure 3.3: NICE Guidance on investigation for suspected ovarian cancer in primary care (NICE, 2011) 
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In England, testing in primary care is performed on a sequential basis; a serum CA125 

(cancer antigen 125) blood test should be requested in the first instance, followed by 

an ultrasound of the abdomen and pelvis only if results are abnormal. If both tests are 

suggestive of ovarian cancer, then patients should be urgently referred to secondary 

care using the two-week wait route. If one or both tests appear normal then alternative 

diagnoses should be considered before advising women to self-monitor and return to 

their GP if symptoms persist.  

 

3.3.1 CA125 blood test 
 

The CA125 test is a tumour marker blood test that measures the level of CA125 protein 

in the blood (Doubeni et al., 2016). Increased levels of CA125 protein (above 35 units 

per millilitre of blood) may be indicative of epithelial ovarian cancer5 (NICE, 2011). 

Benefits of using CA125 blood tests to rule out cancer and triage patients for further 

investigative testing are that it is cheap and can be performed easily in primary care 

with no additional training requirements. 

 

3.3.2 Transvaginal ultrasound 
 

Following NICE guidance, ultrasound investigation of suspected ovarian cancer is 

generally only accessible following an abnormal CA125 result (NICE, 2011). Scans 

are managed by primary care clinicians but are usually performed in a secondary care 

setting according to variations in regional access to ultrasound services. Transvaginal 

ultrasound (TVUS) –internal imaging of the ovaries and fallopian tubes via the vagina, 

is the most common imaging method used to investigate ovarian cancer but may also 

be accompanied by an externally performed abdominal ultrasound (Doubeni et al., 

2016). Ultrasound testing is more costly than CA125 blood tests and may also be 

uncomfortable or embarrassing for some women. 

 

3.4 Current challenges/ barriers to earlier diagnosis in primary care 
 

 
5 Epithelial ovarian cancers are cancers where the primary tumour forms on the tissue lining the ovary and 
account for 85-90% of all ovarian cancers.  Non-epithelial ovarian are rare (~10% of cases), particularly in 
women over 40. Additional tumour marker tests targeting non-epithelial ovarian cancers exist but are typically 
offered in a secondary care setting (NICE, 2011) 
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This section summarises some of the challenges relating to current diagnostic 

processes within primary care. Addressing some of these obstacles may help to 

improve outcomes by improving current rates of early diagnosis and reducing the 

frequency of diagnoses via emergency presentation.  

 

3.4.1 Demand side- help-seeking by people with symptoms  
 

Symptoms of ovarian cancer are non-specific and indicative of many other conditions 

and public awareness of symptoms remains low. Pathfinder, a periodically conducted 

research project by Target Ovarian Cancer (an ovarian cancer charity) which provides 

a detailed picture of the experiences of people living and working with ovarian cancer 

in the UK, found less than 30% of the public were able to name any one of the four 

primary symptoms of ovarian cancer unprompted (i.e. persistent bloating, 

pelvic/abdominal pain, loss of appetite, increase urinary urgency/frequency) (Target 

Ovarian Cancer, 2016).  

 

An international survey of 1531 women with ovarian cancer found nine in 10 patients 

experienced multiple symptoms prior to diagnosis regardless of stage at diagnosis 

(World Ovarian Cancer Coalition, 2018), however, the time between symptom onset 

and consulting a health professional varied greatly, with one quarter of people waiting 

three or more months. The Pathfinder study had similar results, with just 36% of 

women visiting their GP within a month of symptoms starting (Target Ovarian Cancer, 

2016).  

 

A further challenge to help-seeking behaviour is misconceptions around cervical 

cancer screening leading to false reassurance, with a 2019 YouGov survey finding 

around 20% of women believed cervical screening is also able to detect ovarian 

cancer (Target Ovarian Cancer, 2019).  

 

In recent years, there have been substantial efforts to increase public awareness of 

the symptoms of ovarian cancer and encourage earlier consultation once symptoms 

arise through public health campaigns (Target Ovarian Cancer, 2022a). 

Encouragingly, evidence suggests such campaigns are successful in increasing public 

knowledge of the disease (Target Ovarian Cancer, 2016). However, maintaining and 
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increasing public awareness remains an ongoing challenge for improving early 

diagnosis of ovarian cancer. 

 

3.4.2 Supply side- timeliness of testing 
 

Despite direct accessibility to CA125 blood tests and non-urgent ultrasound, delays 

on the supply side within primary care are common and seemingly exacerbated by 

gaps in awareness of key symptoms, particularly in the early stages of the disease. 

Periodic surveys of GPs have demonstrated an improvement in ovarian cancer 

symptom awareness over time, however, as of 2016 44% of surveyed GPs still 

believed symptoms only presented in later stages of the disease and 77% agreed with 

the statement ovarian cancer is a “silent killer” (Target Ovarian Cancer, 2016).  

 

Misdiagnosis or initial investigation for alternative symptoms may be a further source 

of provider-driven delays. For example, forty-six percent of women from the Pathfinder 

survey (Target Ovarian Cancer, 2016) were initially referred for testing for conditions 

other than ovarian cancer. Of these women, 21% over the age of 50 years were told 

they may have irritable bowel syndrome (IBS), despite NICE guidance clearly stating 

a possible diagnosis of ovarian cancer should be considered for any woman aged 50 

or over presenting with symptoms that suggest a new case of IBS (NICE, 2011) (Figure 

3.3). 

 

The Cancer Patient Experience Survey found as of 2019, 51% of women diagnosed 

with gynaecological cancers visited their GP three or more times before being referred 

for diagnostic testing. The average across all cancers was 21%, meaning women with 

ovarian cancer are more likely to face repeat visits to their GP6.  

 

Lim et al. (2016) examined the average diagnostic interval for ovarian cancer based 

on the primary care records of patients receiving care at 10 UK gynaecological 

centres. Results suggested that supply-side delays meant the average diagnostic 

interval (from first presentation to diagnosis) varied between 3-4 months depending 

on the tumour type and stage of the disease at the time of diagnosis. This finding is 

 
6 Percentages are calculated based on those who reported visiting their GP at least once about their symptoms 
prior to diagnosis. Individuals who presented and diagnosed in secondary care exclusively are not included in 
calculations.  
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supported by self-reported diagnostic intervals from the 2016 Pathfinder study where 

45% of women reported waiting 3 or more months to diagnosis after first visiting the 

GP, a trend that appeared to be stable across time (Target Ovarian Cancer, 2016).  

 

3.4.3 Limitations of current test modalities 
 
 

CA125 testing 

 

At the outset of this PhD, high quality evidence on the efficacy of CA125 testing in 

primary care was non-existent: however, evidence from secondary care demonstrated 

a number of crucial limitations. Firstly, the test is non-specific; CA125 concentration 

varies naturally between women and may also be influenced by other conditions such 

as endometriosis, ovarian cysts, pregnancy, cancers of different origin, liver disease 

or even menstruation (Moss et al., 2005; Ortiz-Muñoz et al., 2014), such variations 

mean results need to be interpreted in the context of accompanying symptoms and 

additional testing prior to referral is recommended (e.g. TVUS). Additionally, ‘normal’ 

(<35 IU/ml) results do not necessary ensure the absence of ovarian cancer, with 

studies demonstrating up to 20% of patients with advanced cancer and 50% of 

patients with early-stage ovarian cancer will not have elevated levels of CA125 

(Dochez et al., 2019). During the course of this PhD, additional evidence exploring the 

efficacy of CA125 in primary care was published, with results having further 

implications for the diagnostic pathway (Funston et al., 2020a) (discussed further in 

section 3.4.4). 

 

Transvaginal ultrasound (TVUS) 

 

There are substantial uncertainties about the efficacy of transvaginal ultrasound used 

for primary care investigations of ovarian cancer symptoms. Findings from a limited 

number of studies are mixed. Doubeni et al. (2016), indicate TVUS provides good 

sensitivity, particularly for early stage and non-epithelial ovarian cancers. Alternatively, 

other studies suggest whilst TVUS is generally effective at detecting pelvic masses, 

there is limitation in sensitivity to detect small, early lesions (Gilbert et al., 2012; 

National Academies of Sciences & Medicine, 2016). Test specificity (i.e. the false 

positive rate) also appears to be an issue, with the majority of ovarian masses 
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identified using TVUS being benign upon further investigation (National Academies of 

Sciences & Medicine, 2016). However, existing studies relate to the use of TVUS as 

a screening modality or investigations in a secondary care setting. Issues of test 

performance are heightened due to a current lack of guidance on what TVUS 

abnormalities should prompt referred (NICE, 2011). 

 

Beyond test performance, the use of TVUS is subject to several further challenges 

that may lead to missed or delayed appointments and/or reduced satisfaction. For 

instance, many patients may anticipate the test to be uncomfortable or embarrassing 

(Gentry‐Maharaj et al., 2013). Furthermore, in comparison to the CA125 blood test 

that can be performed by a nurse or phlebotomist in a local GP surgery, TVUS is more 

expensive for the NHS, has longer waiting times and often requires travel to a 

specialist unit.  

 

3.4.4 Test strategy/ diagnostic pathway debates 

 

In 2015, NICE updated referral guidelines for all cancers to recommend urgent referral 

under the two-week wait pathway for patients with symptoms that suggest a 3% or 

higher chance of cancer (NICE, 2015). Ovarian cancer diagnostic guidance has not 

been updated to reflect this change (NICE, 2011). Emerging evidence suggests that 

due to current inefficiencies and uncertainties in the existing diagnostic pathway, 

patients who exceed the threshold for urgent referral (>3% chance of cancer) based 

on symptoms or triage testing using CA125 may not qualify for urgent referral or urgent 

referral may be delayed. Additionally, alternative testing procedures are an area of 

ongoing research increasing the need for updated ovarian cancer guidelines in the 

near future. 

 

3.4.4.1 CA125 abnormal cut-off level  

 

Since 2011, NICE guidelines have used a cut-off of ≥35 U/ml to classify “abnormal” or 

“raised” CA125 levels which qualify for further investigative testing in primary care prior 

to referral to secondary care (NICE, 2011). However, studies in both symptomatic and 

asymptomatic populations have demonstrated that a more individualised approach to 

measuring and monitoring CA125 levels for suspected ovarian cancer could increase 
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the diagnostic performance of the test compared to a single threshold applied to all 

women (Cramer et al., 2011; Funston et al., 2020a). 

 

Funston et al. (2020a) investigated the diagnostic performance of CA125 testing in 

primary care at different cut-off points using routinely collected data. Results were also 

stratified according to patient age. Findings demonstrated the positive predictive value 

(PPV: the probability that patients with a positive result truly have the disease) at or 

above the current cut-off point was 10.1% (95% CI: 9.1—11.2%) overall and varied 

based on patient age from 3.4% (95% CI: 2.5—4.4%) for women under 50 years to 

15.5% (95% CI: 13.6—16.8%) for women 50 years or older. A higher proportion of 

patients under 50 years old are diagnosed with borderline malignancies and tumours 

which are less likely to elevate serum CA125 levels (e.g. mucinous epithelial and 

nonepithelial tumours) which may explain the poorer test performance in this group.  

 

Evidence on the performance of CA125 testing has further implications for triaging in 

primary care. Firstly, the use of CA125 testing as a triage test in younger patients 

results in reduced sensitivity (i.e. increased false negatives) likely increasing 

diagnostic delays. As a result, alternative or complimentary testing in younger 

symptomatic patients may increase sensitivity. Additionally, in all populations, 

abnormal CA125 levels at the current cut-off of ≥35 U/ml exceed the current NICE 

threshold for urgent referral (>3% risk of cancer). Despite this, guidelines still require 

a follow up ultrasound prior to referral regardless of CA125 level, regardless of how 

much higher than the cut-off results are. 

 

3.4.4.2 Sequential versus simultaneous testing 

 

Given the uncertainty and limitations in performance of both CA125 and TVUS, clinical 

guidelines for many countries advocate the use of both tests in combination (Funston 

et al., 2019). However, differences in the timing and sequencing of tests varies and 

remains an area of debate, with many countries- perhaps most notably, Scotland - 

performing both tests coincidingly, with referrals made on the basis of abnormal results 

for either or both tests. Alternatively, guidelines from England, Wales, Ireland and 

British Columbia, Canada, recommend sequential testing, whereby, in the absence of 

key symptoms (e.g. abnormal mass and/or ascites) an abnormal result in the first-line 
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test is necessary to trigger further testing in primary care and both results must be 

abnormal before being referred for specialist care (Funston et al., 2019).  

 

Sequential testing improves specificity and manages costs, both of which are 

important especially within publicly funded healthcare systems with resource 

limitations. On the other hand, simultaneous testing or referral based on an abnormal 

result in a single test may increase the sensitivity of primary care testing. To date, the 

appropriate balance between benefits and harms from a patients’ perspective remains 

unclear. A further consideration is whether women are willing to undergo invasive 

testing as an initial investigation given how non-specific ovarian cancer symptoms are 

and the low prevalence of disease. However, the avoidance of false negative results 

appears crucial to increasing early diagnosis, with one study finding the diagnostic 

interval is doubled for individuals who receive an initial false negative result (Funston 

et al., 2021). 

 

3.4.4.3 Role of risk prediction tools  

 

High levels of late-stage diagnosis mean research into alternative or complimentary 

diagnostic approaches is an ongoing area of development. One promising area of 

research is the use of supplementary risk prediction tools during consultations that can 

be combined with existing testing methods to improve predictive performance 

(Funston et al., 2020b; Hippisley-Cox & Coupland, 2012; Nash & Menon, 2020; 

Sundar et al., 2016; Westwood et al., 2018).  

 

Risk prediction tools aim to avoid missed cases of ovarian cancer but also triage 

patients and identify high-risk patients for urgent referral leading to earlier diagnosis. 

However, risk prediction tools vary in sophistication, from symptom checklists to 

ensure ovarian cancer symptoms are explicitly solicited during consultations to tools 

using complex algorithms to generate ovarian cancer risk scores based on symptoms, 

patient characteristics and behavioural risk factors and test results (Funston et al., 

2020b). This means tools vary greatly in their ability to predict ovarian cancer, which 

may impact the likelihood false positive and false negative outcomes. The acceptability 

of risk-stratified testing is an emerging area of research.  Several recent publications 

relating to cancer screening suggest risk-based screening is viewed favourably by the 
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majority of respondents. Acceptability within a diagnostic context is less understood 

(Ghanouni et al., 2020a; Mbuya Bienge et al., 2021; Woof et al., 2020). 

 

3.5 Preferences towards diagnostic testing for ovarian cancer 
 

3.5.1 Role of preferences 
 

Section 3.4 highlighted several shortcomings relating to the investigation of ovarian 

cancer in primary care. Emerging evidence about the efficacy of test strategies means 

that NICE guidelines require updating. Accommodating the preferences of people who 

may undergo testing in the future is essential when designing care pathways, 

particularly under a system emphasising the importance of shared decision-making.  

Consideration of preferences means guidelines better align with patient expectations, 

encouraging help-seeking behaviour, improving compliance and avoiding missed 

appointments (Cronin et al., 2018; Kim et al., 2020). As a result, delays in diagnosis 

may decrease and patient satisfaction will be maximised.  

 

Improved understanding of preferences also impacts current clinical practice. 

Research shows the use of NICE guidance is extremely variable. For instance, a 

survey of 258 GPs found the majority would refer patients on the basis of raised CA125 

regardless of TVUS findings (Moss et al., 2013).  Lack of adherence to guidelines 

further increases the importance of understanding preferences to ensure GP decisions 

are reflective of their patients’ wants and needs.     

 

3.5.2 Existing evidence 
 

Preferences around ovarian cancer testing in a diagnostic setting is an underexplored 

area. A search of the literature identified just two studies; both qualitative, investigating 

the experiences and preferences of  patients who were subsequently diagnosed with 

ovarian cancer (Fitch et al., 2002; Jelicic et al., 2019). Fitch et al. (2002) conducted 18 

open-ended interviews with women living in Canada focusing on their experiences 

during the diagnostic interval. Jelicic et al. (2019) is an Australian-based study. Thirty-

four semi-structured interviews were conducted with women living with ovarian cancer. 

Both studies identified key areas where healthcare could be better aligned with patient 

preferences, heavily focusing on shortcomings in communication throughout the 
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diagnostic process. Women often felt symptoms were dismissed and found 

communication with healthcare professionals (HCPs) confusing and difficult. 

 

Findings from both studies reflected many of the shortcomings discussed throughout 

this chapter. Women reported feeling uncertain about the severity of their symptoms 

prior to consulting a professional as well as experiencing delays due to perceived 

inaction by their GP due to a lack of symptom awareness or dismissal of patients due 

to the vague nature of symptom presentations. Areas of dissatisfaction during the 

investigative stage within primary care included being misdiagnosed with common 

conditions (e.g. constipation, benign cysts and fibroids) and undergoing multiple 

investigative tests prior to referral, although some women viewed this positively, 

considering it “thorough”. The importance of timely diagnosis was another recurring 

theme, with women identifying various stages during the diagnostic process where 

delays were incurred and expressed anxiety and fears that such delays resulted in 

disease progression. Findings from both studies help to identify shortcomings in 

current diagnostic procedures. Studies highlight the importance of communication and 

the doctor-patient relationship and demonstrate the existence of unmet preferences 

within a diagnostic context (an area of shared decision-making that has been 

underestimated to date). 

 

3.5.3 Evidence gaps 
 

Whilst the focus on women living with ovarian cancer provides an experiential 

perspective, the preferences and preconceptions of women facing testing for the first 

time are currently unknown. Furthermore, section 3.4 highlighted several 

shortcomings in current diagnostic procedures, where a clearer understanding of 

preferences would be beneficial when reconsidering guidance documents. For 

instance, attitudes towards the concept of triage testing (i.e. how do individuals value 

the trade-offs between timeliness and accuracy of testing?) and the acceptability of 

sequential versus concurrent testing procedures. 

 

3.6 Ovarian cancer screening 
 

3.6.1 Purpose of screening for ovarian cancer 
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Effective cancer screening programmes decrease deaths through detection of pre-

cancerous or early-stage disease in asymptomatic individuals (Gupta et al., 2019). In 

the UK, there are currently three screening programmes: breast, cervical and bowel 

screening (NHS UK, 2021b). Given the barriers to early diagnosis within primary care, 

screening in populations before symptoms arise may be a solution to reduce late stage 

diagnoses and ultimately save lives. There have been efforts to identify an appropriate 

ovarian cancer screening programme for over three decades, with multiple clinical 

trials taking place both nationally and internationally, in both average-risk and high-

risk populations (Nash & Menon, 2020). To date, trials have demonstrated existing 

screening methods offer no benefits in terms of survival and are associated with 

several risks, in particular high levels of false positive results (Gupta et al., 2019) 

(Table 3.1). However, given the high mortality rates associated with ovarian cancer, 

research to develop an appropriate screening programme are ongoing (Gupta et al., 

2019; Nash & Menon, 2020).
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Table 3.1: Summary of large-scale ovarian cancer screening trials targeting general public populations.  

Relevant trials were identified based on a summary paper by Nash and Menon (2020) 

Trial name Country  Trial type Participants  Screening strategy Key outcomes References 

UK 

Collaborative 

Trial of 

Ovarian 

Cancer 

Screening 

(UKCTOCS) 

UK RCT Total: 202,638, 

aged 50-74 

Arm 1: 50,640 

Arm 2: 50,639 

Arm 3: 101,359 

Arm 1: Multimodal 

screening: Annual 

CA125 test interpreted 

using Risk of Ovarian 

Cancer Algorithm 

(ROCA) follow-up 

TVUS if result was 

abnormal 

Arm 2: Annual TVUS  

Arm 3: No screening 

(control) 

Median follow up 16.3 years 

Incidence of stage I or II disease 

was 39·2% (95% CI 16·1 to 66·9) 

higher in the MMS group than in 

the no screening group, whereas 

the incidence of stage III or IV 

disease was 10·2% (−21·3 to 2·4) 

lower. There was no significant 

differences in stage between the 

TVUS and control group. 

No significant reduction in ovarian 

and tubal cancer deaths was 

observed in the MMS (p=0·58) or 

USS (p=0·36) groups compared 

with the no screening group. 

(Jacobs et al., 

2016; Menon 

et al., 2021) 

Prostate, Lung, 

Colorectal and 

Ovarian 

Cancer 

USA RCT Total: 78,386 aged 

55-74 

Arm 1: 39,105 

Arm 2: 39,111 

Arm 1: Annual CA125 

test for 6 years 

(interpreted using a 

cut-off of >35 units/mL) 

Median follow up 14.7 years 

no reduction in mortality between 

arms (RR 1.06; 95%CI 0.87–1.3; 

p-value=0.16) 

 

(Buys et al., 

2011; Pinsky 

et al., 2016) 
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Screening Trial 

(PLCO)  

and TVUS for first 4 

years 

Arm 2: No screening 

(control) 

No differences in stage of 

diagnosis between arms 

Japanese 

Shizuka 

Cohort 

Screening 

Study 

Japan RCT Total: 82,487 

Arm 1: 41,688 

Arm 2: 40,799 

Arm 1: Annual 

combined screens of 

serum CA125 

(interpreted using a 

cut-off of >35 units/mL) 

and TVUS 

Arm 2: No screening 

(control) 

Mean follow up 9.2 years 

Compared to control arm 

screening resulted in a non-

significant increase in Stage I 

disease in screen arm (63% vs 

38%: p-value = 0.2285) 

 

No mortality results published 

(Kobayashi et 

al., 2008) 

University of 

Kentucky 

Study 

USA Single arm 

prospective 

interventional 

trial 

Total: 25,329, 

aged 25-92 

Annual TVUS Mean follow up 5.8 years 

Compared to a cohort of 

unscreened women at the same 

institution, screening significantly 

increased 5-year survival (74.8% 

±6.6% vs 53.7% ±2.3%; 

P < 0.001) 

(van Nagell Jr 

et al., 2007; 

van Nagell Jr 

et al., 2011) 

MMS = Multimodal screening, TVUS = Transvaginal ultrasound, RCT = Randomised controlled trial, CA125 = Cancer Antigen 125 
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3.6.2 Principles of screening 
 

In their landmark article “Principles and practice of screening for disease”, Wilson and 

Jungner (1968), on behalf of the World Health Organisation (WHO), set out 

longstanding guidelines for screening programmes that have been adapted by 

governing bodies over time, but still broadly apply today (Andermann et al., 2008).  

The consolidated ten principles of screening are:  

1. The condition should be an important health problem 

2. There should be a treatment for the condition 

3. Facilities for diagnosis and treatment should be available 

4. There should be a latent stage of the disease 

5. There should be a test or examination for the condition 

6. The test should be acceptable to the population 

7. The natural history of the disease should be adequately understood 

8. There should be an agreed policy on whom to treat 

9. The total cost of finding a case should be economically balanced in relation to 

medical expenditure as a whole 

10. Case-finding should be a continuous process, not just a "once and for all" 

project 

 

From a UK perspective, each constituent country sets its own screening policies based 

on the recommendations of the National Screening committee (NSC). The NSC 

evidence review process provides recommendations for screening based on a pre-

determined set of criteria used to appraise the viability, effectiveness and 

appropriateness of potential screening programmes (National Screening Committee, 

2015). Criteria are comparable to the principles of screening outlined above and relate 

to the importance of the condition, the ability of the test to reduce deaths or disease 

incidence as well as the efficacy and suitability of the test and accompanying 

screening programme. 

 

Notably, criteria 4.12 and 4.13 highlight the importance of understanding public 

preferences when designing screening programmes: 
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“4.12. There should be evidence that the complete screening programme 

(test, diagnostic procedures, treatment/ intervention) is clinically, socially and 

ethically acceptable to health professionals and the public. 

4.13. The benefit gained by individuals from the screening programme 

should outweigh any harms, for example from overdiagnosis, overtreatment, 

false positives, false reassurance, uncertain findings and complications.” 

3.6.3 Current status of ovarian cancer screening 
 

The UK Collaborative Trial of Ovarian Cancer Screening (UKCTOCS) is the largest 

randomised controlled trial to date (n=202,638) (Menon et al., 2021). In total, 202,638 

postmenopausal women, aged 50-75 with an average risk of ovarian cancer, were 

randomised. Screening modalities were compared to no screening (n=101.359) and 

consisted of transvaginal ultrasound only (n=50,640) and multimodal screening (MMS) 

combining CA125 blood tests with risk algorithms and second-line testing using 

transvaginal ultrasound where necessary (n=50,639) (Jacobs et al., 2016; Menon et 

al., 2021). Screening was performed annually between 2001-2011. Results at the end 

of the initial follow-up period in 2014 were promising, demonstrating an increase of 

13% in the absolute proportion of women with ovarian cancer diagnosed with stage I 

or stage II disease in the MMS arm compared to no screening (no change in the TVUS 

arm) (Jacobs et al., 2016). However, findings on mortality were inconclusive at this 

stage. There was no evidence of a reduction in disease-specific deaths in either 

screening arm compared to the no screening group, however, predictive models 

suggested any observed reduction in deaths may be delayed. Ultimately, results 

following an extended follow-up period lasting until June 2020 (median length 

>16years) revealed no overall impact on mortality, despite screening resulting in a shift 

in stage at diagnosis.  (Menon et al., 2021) .  

 

Based on evidence from UKCTOCS and similar trials (Table 3.1), screening for 

ovarian cancer is not recommended in the UK for any population- even within high-

risk populations such as those with a genetic predisposition for ovarian cancer (Nash 

& Menon, 2020). Identifying an appropriate screening programme remains an active 

area of research. Research avenues include designing risk-stratification tools to 

identify high-risk individuals, development of longitudinal algorithms to improve 



 

 80 

surveillance and identification and refinement of additional biomarkers‒most 

promisingly HE4 (Human Epididymis 4) ‒that could be combined with existing 

modalities to improve test performance (Nash & Menon, 2020).   

 

3.6.4 Acceptability and preferences towards ovarian cancer screening 
 

As noted in section 3.6.2, public acceptability is a crucial component of any potential 

screening programme. Uptake of screening is non-compulsory and dependent on the 

preferences and perceptions of the target population. Several studies have attempted 

to understand public acceptance and demand for ovarian cancer screening.  

 

3.6.4.1 Test-related factors 

 

Existing acceptability studies have primarily focused on factors relating to test delivery 

and experience. A large proportion of these studies were conducted as supplementary 

studies alongside clinical trials investigating the efficacy of ovarian cancer screening.  

Analysis of compliance within ovarian screening trials suggest CA125 is a more 

acceptable screening modality compared to TVUS, with withdrawal being lower in 

participants randomised to the TVUS arm of trials (Drescher et al., 2004; Jenkins et 

al., 2015). Analysis of compliance data also revealed that increased distance from the 

screening facility also reduced future screening behaviour and intentions (Drescher et 

al., 2004; Pavlik et al., 1995). 

 

Survey-based studies of trial participants revealed high levels of pain or discomfort 

during previous screening appointments also reduced future screening intentions, 

although just 3.5% of women reported experiencing moderate-to-high levels of pain 

during screening (Gentry‐Maharaj et al., 2013). Findings from studies examining the 

acceptability of TVUS for the purpose of ovarian cancer screening or other medical 

conditions generally find a weak preference for female sonographer but strong 

acceptability for male sonographers (Atalabi et al., 2012; Cowan Bennett & Richards, 

2000; Deed et al., 2014). However, studies also suggest gender preference may vary 

based on ethnicity and religious beliefs (Russell, 2005). Preferences towards 

chaperones during scans also appeared to vary based on cultural differences, with a 

UK-based study suggesting a strong preference for no chaperones (Sharma et al., 
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2006), whilst two studies conducted in Nigeria illustrated a stronger preference for 

chaperones during scans, ideally a family member or friend as opposed to additional 

healthcare personnel (Akintomide & Obasi, 2019; Okeji et al., 2017). Finally, a survey 

of women attending obstetrics and gynaecology clinics found on average women were 

neutral to the type and familiarity of HCP performing scans, although if given an option, 

a familiar doctors (as opposed to an unfamiliar nurse) was preferred (Bennett et al., 

2018). 

 

3.6.4.2 Sociodemographic factors influencing screening acceptability  

 

An overview of the relationship between ovarian cancer screening uptake or intended 

behaviour and sociodemographic characteristics is summarised visually in Figure 3.4. 

Studies were identified from a background literature search and not intended to be 

exhaustive. Current evidence appears quite limited although participation in other 

screening programmes, increased ovarian cancer worry and a perception of being 

high risk appear to increase ovarian screening uptake. A complete summary and 

references for included studies can be found in Appendix 3.1.  

 

3.6.4.3 Evidence gaps in understanding of preferences 

 

An understanding of the acceptability/preferences of ovarian cancer screening beyond 

a clinical trial setting is currently limited. Furthermore, existing studies have generally 

aimed to understand the acceptability of aspects of ovarian cancer screening in 

isolation and the relative importance of characteristics has been ignored. In reality, 

undergoing screening may involve enduring less desirable elements of screening in 

exchange for gains in other areas (e.g. travelling further for a test using your preferred 

modality or undergoing a more uncomfortable test for a more sensitive result).  

 

Secondly, studies of acceptability have typically focused on factors relating to test 

experience (e.g. modality, pain, gender of HCP). In comparison, preferences and 

acceptability of test performance characteristics such as sensitivity and specificity 

remain underexplored. NSC recommendations are in part determined by the balance 

between benefits and harms of screening; however, the acceptable balance is 

currently unknown in the context of ovarian cancer.  
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Figure 3.4: Personal factors influencing acceptability and uptake of screening  

Factors 
influencing 

willingness to 
undergo ovarian 
cancer screening

Demographic factors

Age ●●

Income ●●

Employment ●

Ethnicity ●

Education ●●●

Supply side factors

Number of physicians per 100,000 patients●

Recent contact with medical professional ●

Health-related behaviours and 
experiences

Family history of ovarian cancer ●●●●

Use of HRT ●

Participation in other screening programmes ●●

Previous abnormal screening result ●

Personal risk of cancer ●●

Health beliefs and knowledge

Ovarian cancer worry ●●

Screening-related worry ●

Perceived risk of ovarian cancer ●●●

Ovarian cancer knowledge ●

Experience anxiety (any reason) ●

Key: 
● No influence 

● Reduced screening uptake  

● Increased screening uptake 
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Ovarian cancer and COVID-19 – role of preferences 

 

Evidence relating to the impacts of Covid-19 on ovarian cancer is still emerging, 

however, recent publications suggest delays in diagnosis and treatment caused in part 

by deferred screening and diagnostic appointments due to lockdowns and prioritisation 

of Covid-care and subsequent backlogs in testing once restrictions eased are 

expected to cause a substantial increase in cancer deaths in coming years (Malagón 

et al., 2022) 

 

Covid-19 has disproportionately impacted vulnerable and historically medically 

underserved populations such as ethnic minorities and people of lower socioeconomic 

status (SES), highlighting and widening existing disparities in cancer care (Carethers 

et al., 2020). During the early-stages of the pandemic, fear of Covid-19 exposure 

meant many postponed seeking medical attention. For others, access was limited by 

other Covid-19–related changes such as changes in public transportation, essential 

worker status, and lack of childcare, which may unequally impact already medically 

underserved communities. Experiences of the pandemic may have longer lasting 

behavioural and phycological impacts that will continue to alter testing acceptance 

beyond the immediate impacts of lockdown precautions and medical diversion towards 

Covid-related care (Carethers et al., 2020; Hoehn & Zureikat, 2020). 

 

There are potentially important implications for ovarian cancer as although there are 

no observed disparities in the diagnosis of ovarian cancer, studies relating to ovarian 

cancer survival frequently demonstrate a mortality disparity, with people from ethnic 

minorities and lower socioeconomic backgrounds experiencing disproportionately 

lower rates of survival compared to white women and those with higher socioeconomic 

status (Chornokur et al., 2013; Hoehn & Zureikat, 2020). 

 

Furthermore, the increased public attention placed on health services provision 

throughout the pandemic may also impact attitudes and behaviour towards ovarian 

cancer testing and symptom awareness. In particular, discourse surrounding medical 

testing and vaccinations including accessible discussions of covid test performance 

and efficacy shift in attitudes toward screening. 
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Understanding women’s preferences towards cancer testing is essential. For instance, 

preferences may be used to understand who to prioritise while Covid recovery is 

ongoing and screening and testing backlogs continue. Understanding preferences 

may help to increase screening uptake in vulnerable groups and explore changes in 

attitudes towards testing following the pandemic. 

 
 
 

3.7 Chapter summary 
 

This chapter has summarised current procedures used to investigate ovarian cancer 

in primary care. According to current guidance, women presenting in primary care with 

symptoms of possible ovarian cancer who do not qualify for urgent referral must 

undergo two investigative tests (CA125 blood test and transvaginal ultrasound). Tests 

are performed sequentially, and both tests should be abnormal to prompt referral to 

secondary care.  

 

Increasing early diagnosis of aggressive ovarian cancers is essential for improved 

outcomes for patients. Currently in the UK, around 50% of cancers are diagnosed at 

stage III or IV, where 5-year survival is just 27% and 13%, respectively. Improving both 

public and HCP knowledge of ovarian cancer symptoms is a clear priority for reducing 

delays in diagnosis and recent public awareness campaigns appear to be effective 

and are an ongoing approach to improving outcomes. 

 

This chapter also highlighted several inefficiencies and uncertainties around current 

guidelines. Diagnostic guidance was last updated in 2011 and recent publications 

appear to demonstrate contradictions with newer NICE guidance on urgent referrals 

via the two-week wait pathway. Emerging evidence suggests guidance require 

updating in the near future.  

 

Vague symptoms and delayed help-seeking behaviour once symptoms arise suggest 

screening of asymptomatic individuals may also provide a solution to improving 

ovarian cancer outcomes. Research to develop an appropriate ovarian screening 

programme have been unsuccessful but remains an area of ongoing research; 
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however, little is understood about the public acceptability of a potential ovarian 

screening.  

 

The chapter highlighted several areas where improved understanding of patient and 

public preferences would be beneficial. In particular, two areas where knowledge of 

preferences is currently limited were identified: 

 

1. Preferences towards diagnostic testing in primary care based on the current 

uncertainties in testing procedures and the likelihood that guidance will require 

revision. Incorporation of patient preferences should be essential for any care 

guidelines, particularly for care delivered within the NHS given the importance 

of shared decision-making. Improved understanding of preferences has also 

been shown to better adherence and patient satisfaction.  

 

2. Preferences towards cancer screening. Acceptability of screening programmes 

and the appropriate balance of benefits and harms of screening tests are 

criteria of the evidence review process of the NSC. Understanding and tailoring 

future screening programmes to user-preferences increases the likelihood of 

uptake.   

In particular, trade-offs between the balance of benefits and harms in both contexts is 

underexplored, making the area an ideal application of DCE methods to further 

investigate preferences 
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4 Existing evidence relating to the application of DCEs to 

cancer testing 
 

4.1 Introduction 
 

This chapter provides a summary and critical appraisal of the existing evidence arising 

from published DCEs eliciting preferences towards cancer testing. Early literature 

scoping revealed several existing systematic reviews synthesising DCEs in cancer. In 

response, the chapter begins with an overview of previously published systematic 

reviews. Findings informed the subsequent systematic review which refined the search 

methods, expanding search dates and focusing on methodological aspects of DCEs. 

Alongside the results presented within this chapter, an in-depth analysis of attributes 

included in DCE studies was conducted. Analysis identified the frequency, importance 

and significance of attributes used to elicit preferences towards cancer testing. This 

component of the review was published in a peer-review journal (Hall et al., 2021). 

The full paper is presented in Appendix 4.1.  

 

4.2 Overview of existing reviews 
 

An increase in the implementation of DCEs in cancer testing in recent years has 

resulted in the publication of several systematic reviews aiming to summarise the 

existing evidence base. Reputable and widely used published guidance for conducting 

systematic reviews is available for a wide variety of study designs such as clinical trials 

(Boland et al., 2017), economic evaluations (Philips et al., 2004) and qualitative 

evidence (Noblit & Hare, 1988), however, at present there is no equivalent guidance 

available to researchers conducting systematic reviews of preference-based studies. 

A lack of standardised guidance means reviews are likely to differ greatly in terms of 

methods and quality, making it difficult for those seeking to use such reviews to gain 

an insight of the topic.  

 

Before undertaking the systematic review, an overview of previously published 

systematic reviews was performed. The purpose of the scoping review was to 

summarise the methodological aspects of existing systematic reviews to identify any 

inconsistencies or gaps in the current evidence.  
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4.2.1 Methods 
 

For the purposes of the overview, systematic reviews were defined as any review of 

the literature that systematically described the search strategy and data extraction 

methods and did not self-identify as a ‘scoping’ or ‘rapid’ review. Systematic reviews 

could consider one specific cancer site such as colon cancer or consider cancer more 

generally.  

 

To identify all relevant DCEs, searches were performed across seven relevant 

databases; MEDLINE, Embase, PsycINFO, HMIC, Web of Science, EconLit and NHS 

EED using previously validated search terms relating to ‘discrete choice experiments’ 

and ‘systematic review’. Searches dates were limited to 1990 to 8th December, 2020. 

 

4.2.1.1 Quality assessment 
 

Understanding the quality of previous reviews was a key component of the overview. 

Following previous overviews (He et al., 2019; Moore et al., 2018), the AMSTAR2 

checklist (Shea et al., 2017) was used to assess the quality of studies. The AMSTAR2 

checklist is validated and highly cited critical assessment tool, however, it is designed 

to assess the quality of systematic reviews involving randomised/non-randomised 

trials, meaning a few adaptations were necessary. In total, the AMSTAR2 checklist 

consists of eleven questions. For this study, questions relating to meta-analysis were 

excluded and answers for questions 1, 8 and 9 were amended to better reflect 

preference-elicitation studies. The full amended checklist is shown in Appendix 2.  Due 

to the adaptions, studies were awarded an overall score out of 11, with higher scores 

indicating increased methodological quality; scores were used to evaluate the general 

quality of studies and identify common areas of weakness across reviews. Studies 

were not excluded based on quality assessment scores.  

 

Evidence synthesis focused on information relating to the methods utilised within 

previous reviews including objectives of the review, number of primary studies 

identified, databases searched and time periods covered. 
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4.2.2 Findings 
 

Five systematic reviews were identified overall. Three of the reviews focused on a 

single cancer site, specifically colorectal (Ghanouni et al., 2013; Marshall et al., 2010; 

Wortley et al., 2014), whereas Phillips et al. (2006) and Mansfield et al. (2016) included 

DCEs that elicited preferences for any type of cancer. No reviews summarising 

evidence relating to diagnostic preferences were identified. With the exception of 

Phillips et al. (2006), all reviews searched at least two databases with PubMed and 

EMBASE being most common. Search dates across all studies ranged from 1990 to 

2015 (see Table 4.1 for further details). 

 

4.2.2.1 Quality assessment 
 

In general, all studies were of moderate to good quality, with AMSTAR2 scores ranging 

from 5-11 and an average score of 7 (Table 4.1). Common areas of weakness 

included: failure to list studies excluded at full-text (7/8); failure to register study 

protocol/no referral to a predetermined protocol (5/8); and unclear reporting on 

whether screening and data extraction was duplicated (3/8). Perhaps most critically, 

only four studies explicitly attempted to assess the quality of included studies using a 

checklist. Three of the four reviews (Bien et al., 2017; Ghanouni et al., 2013; Wortley 

et al., 2014) used the ISPOR Good Practice guidance (Bridges et al., 2011). A full 

summary of AMSTAR2 results for each review are found in Appendix 4.2. 

 



 
 
 

89 
 

Table 4.1: Summary of existing systematic reviews of DCEs on cancer testing 

Author 
(Date) 

Objective of review 
Database(s) 
searched 

Preference search terms* Search 
period 

Total 
no. of 

studies 

No. of 
Cancer 
DCEs 

AMSTAR 
score 

Phillips et 
al. (2006) 

To identify gaps in the literature, and 
determine which types of research should be 
conducted in the future 

PubMed 

MeSH terms: “patient satisfaction/economics”, “patient 
satisfaction/statistics & numerical data”, “consumer 
satisfaction/economics”, “consumer satisfaction/statistics & 
numerical data”, “health knowledge, attitudes, practice”, 
“choice behaviour”  
Keywords: “preference(s)”, “attitudes”, “conjoint analysis”, 
“contingent valuation”, “stated preference”, “discrete choice”,  
“willingness to pay” 

1996-
2005 

8 1 7 

Marshall et 
al. (2010) 

To provide an overview of the current state of 
preference measurement for colorectal cancer 
(CRC) screening, highlighting the implications 
for health policy, CRC screening program 
implementation, and further research 

MEDLINE, 
EMBASE 

Available upon request 
1990-
2009 

6 4 6 

Ghanouni 
et al. 
(2013) 

To describe and evaluate key features of 
conjoint analysis studies of CRC screening 
tests 

PubMed, 
CINAHL, 
Web of 
Knowledge, 
EMBASE, 
PsycINFO 

Key words: “conjoint analysis”, “discrete choice”, “discrete 
ranking”, “stated preference” 

Not 
specified 

7 5 7 

Wortley et 
al. (2014) 

To update previous systematic reviews on 
CRC screening tests and provide a 
methodological assessment and analysis of 
the key findings of included studies 

MEDLINE, 
EMBASE, 
EconLit, 
PreMedline, 
Google 
Scholar 

MeSH terms: “decision-making”, “patient attitude” 
Key words: “conjoint”, “discrete choice”, “choice 
experiment”, “choice experiments”, “stated preferences”, 
“stated preference”, “willingness to pay”, “contingent 
valuation”, “choice”, “preference” 

up to 
April 
2013 

9 8 11 

Mansfield 
et al. 
(2016) 

 To assess the types of cancer screening test 
attributes researchers have considered, 
differentiating between attributes of the 
screening tests themselves and attributes that 
capture other elements of the patient 
experience; and to review the use of questions 
to determine reported likelihood of uptake 

PubMed, 
EconLit 

“conjoint analysis” or “conjoint analyses” or “conjoint-
analysis” or “conjoint-analyses” or “discrete choice” or 
“discrete-choice” or “discrete ranking” or “discrete rank 

1990-
2013 

22 18 6 

*Search terms relate to PubMed database for all studies except Wortley et al. (2014) where only EMBASE search terms were provided. 
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1.2.2.2. Review methods 

Differences in objectives led to variations in search terms used and the type of primary 

studies included. One review stated that inclusion was restricted to DCE studies only 

(Wortley et al., 2014); however, in practice it mirrored Marshall et al. (2010) and 

Ghanouni et al. (2013) by summarising conjoint analysis studies more broadly by 

including ranking or ratings scale studies. The remaining two systematic reviews 

aimed to synthesise evidence from studies that used any stated preference methods, 

including broader conjoint analysis or contingent valuation studies such as willingness 

to pay (Mansfield et al., 2016; Phillips et al., 2006). 

 

Figure 4.1 shows a Venn diagram demonstrating the overlap of DCE studies included 

across reviews. Promisingly, unique studies were exclusive to the most recent 

systematic review (Mansfield et al., 2016) suggesting differences in search dates 

account for several of the unique studies. However, a number of the unique studies 

also appeared to fall in the search dates and criteria of earlier studies where they were 

omitted. For example, five of the 10 studies unique to (Mansfield et al., 2016) appeared 

fit the scope and search dates of earlier reviews.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Venn diagram showing the overlap in included studies between existing systematic reviews on 
cancer testing (n = number of studies unique to each segment) 

Mansfield et 
al, 2016 

n=10 
n=1 

Phillips et al, 
2006 

Marshall 
et al, 
2010 

Ghanouni 
et al, 2013 

Wortley et al, 2014 

n=3 

n=1 

n=2 

n=1 
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Table 4.2 demonstrates the scope of each systematic review in relation to the key 

elements of a DCE, as outlined by Lancsar and Louviere (2008). All reviews 

summarised the study population and perspective in detail and data extraction relating 

to sampling methods, sample size and data collection methods were also well 

reported. Outputs reflected the stated objectives of each review which focused on; 

descriptions of attributes and the selection process (Bien et al., 2017; Neal et al., 2018; 

Wortley et al., 2014), interpretation of results including welfare measures such as 

willingness to pay (WTP) and uptake estimates (Mansfield et al., 2016; Marshall et al., 

2010; Phillips et al., 2006; Wortley et al., 2014) and description and evaluation of key 

study features (Ghanouni et al., 2013; Wortley et al., 2014). More methodological 

aspects of DCEs such as experimental design and data analysis were reported less 

frequently. 

 

4.2.3 Summary of overview findings 
 

Previous reviews differed considerably in the scope of their search strategies (e.g. 

search terms, dates or cancer type), with three reviews focusing exclusively on studies 

relating to colorectal cancer (Ghanouni et al., 2013; Marshall et al., 2010; Wortley et 

al., 2014). Furthermore, due to the date of publication, existing reviews only synthesise 

studies published prior to 2015. 

 

Existing systematic reviews largely focus on the clinical implications of DCE findings 

and suggestions on how to implement findings in policy decisions (Ghanouni et al., 

2013; Mansfield et al., 2016; Marshall et al., 2010; Phillips et al., 2006; Wortley et al., 

2014). In contrast, methodological issues of attribute identification, selection and 

construction (e.g. assignment of levels, type and complexity of attributes) and how 

these impact on cognitive burden have not been explored in detail.  

 

Finally, assessment of the quality of included studies was limited across reviews. 

Inconsistencies in quality assessment are unlikely to be due to neglect on the authors’ 

part and instead highlights of the lack of best-practice guidance and absence of a 

validated and widely accepted tool to assess the methodological quality of DCEs 

studies. Where methodological quality was assessed, authors typically utilised ISPOR 

Good Practice Guidelines which provides guidance for conducting conjoint analyses 
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but does not provide a definitive checklist for quality assessment (Bridges et al., 2011). 

Ongoing work by Yepes-Nuñez et al. (2017) appears to form preliminary basis for 

standardised quality assessment in the future. 

 

 

Table 4.2 Scope of systematic reviews based on key areas of DCEs highlighted by Lancsar and 
Louviere (2008) 
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4.3 Systematic review of DCEs eliciting preferences towards cancer 

screening and diagnostic testing  

 

4.3.1 Background 
 

This review built on the evidence from existing reviews in several ways; firstly, by 

updating the search dates, since DCEs are an increasingly popular method and 

studies are continuously being published. Secondly, by ensuring a rigorous search 

strategy covering seven databases using the expertise of an information specialist. 

The scope of the review was extended to diagnostic testing alongside DCEs of cancer 

screening. Finally, this review focused on key areas not previously covered by 

systematic reviews including the link between the purpose of DCEs and the practical 

application of results, and the quality of included studies.  

 

The overall aim was to perform a systematic review of the published evidence relating 

to the use of DCE to assess preferences towards testing for cancer, focusing 

specifically on the purpose of the studies and the methodological features of 

applications of discrete choice methods to cancer screening and diagnostic testing. 

The results of the review were used to gain a better understanding around preferences 

relating to cancer testing for different populations and to design the discrete choice 

experiments as described in subsequent chapters.  

 

4.3.2 Methods 
 

The systematic review was performed in line with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) Statement (Moher et al., 2009) 

and following a predetermined protocol (Prospero protocol ID: CRD42019153834).  

 

4.3.2.1 Inclusion and Exclusion criteria 
 

Studies were included if they presented primary results from a DCE regarding 

preferences for cancer screening within an asymptomatic average-risk population or 

cancer diagnosis in symptomatic patients. Preferences could be elicited from any 

population and for any cancer site. To be included, studies were required to be peer-

reviewed and published in English. Studies that used alternative preference-based 

methods such as ranking/rating, time trade-off including those which used a single 
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DCE question/profile to elicit WTP estimates were also excluded, alongside review 

papers or papers that performed secondary analyses on previously reported (and 

already identified) DCE results. 

 

4.3.2.2 Search Strategy  
 

To identify all relevant DCEs, a two-tier systematic search of the literature published 

between 1990 and 8th December, 2020 was performed. In the first stage, searches 

were performed in seven relevant databases; MEDLINE, Embase, PsycINFO, HMIC, 

Web of Science, EconLit and NHS EED using previously validated search terms 

relating to ‘discrete choice experiments’ (de Bekker-Grob et al., 2012). The hits were 

then exported to EndNote X8 (Thomson ISI Research-Soft) and an additional search 

of titles and abstracts used terms relating to ‘cancer’ was performed. Search terms 

were determined in line with previous reviews and guidance from an information 

specialist. Further details of the search strategy can be found in Appendix 4.3. To 

avoid excluding relevant studies, searches were not further narrowed using terms 

related to ‘screening’ or ‘diagnosis’; instead, this was done manually during the article 

screening stage. The references and forward citations for studies included at the full-

text stage were also searched for additional studies. 

 

4.3.2.3 Study identification 
 

Study selection was performed by two independent reviewers and consisted of three 

stages; screening of titles and abstracts, retrieval and review of full-text and finally 

manual search of the reference lists of studies selected for inclusion at full-text. 

Results were compared at each stage and any discrepancies were discussed with 

help from a third researcher when necessary.  

 

4.3.2.4 Data Extraction 
 

Data extraction was performed by a single reviewer (RH) using Microsoft Excel and a 

proportion of the results then verified by a second reviewer (AML). Data was 

summarised in a narrative synthesis as a meta-analysis was not possible because of 

heterogeneity in the study design and methods. 
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Data was extracted using pre-specified extraction tables in Microsoft Excel. Data 

synthesis focused on key methodological components of studies, including: 

 

- Study characteristics e.g. cancer site, date, objective,  

- Sample e.g. target population, sample size calculation, response rates 

- Attributes and attribute development (see appendix 4.1) 

- Experimental design e.g. use of software, design approach, blocking, number 

of choice tasks 

- Analysis e.g. econometric models, outcomes  

- Use of rationality and debriefing questions 

 

4.3.2.5  Quality assessment 
 

Methods for assessing the quality of DCEs are an ongoing area of methodological 

development. As such, we followed previous reviews (Ghanouni et al., 2013; Wortley 

et al., 2014) and adapted the International Society for Pharmacoeconomics and 

Outcomes Research (Bridges et al., 2011) checklist in order to critically appraise the 

studies identified within this review (Appendix 4.4). The checklist was initially designed 

as a guide to good research practices and reporting for the design and implementation 

of DCEs and consists of ten domains essential for conducting high-quality DCEs. Each 

domain contains three sub-questions and studies were assigned a score of 1 for each 

sub-question where the criteria was met and 0 if unfilled or unclear, giving a maximum 

score of 30. As the checklist has been adapted for the purposes of this review, scores 

were used to gauge a general overview of quality of reporting and to highlight common 

areas of weakness across studies rather than as a means of inclusion or exclusion. 

 

4.3.3 Results 
 

Figure 4.2 provides an overview of the results of the study selection process. Once all 

search terms were applied and duplicates were removed, 1,620 studies remained. 

After screening titles and abstracts, 1,526 were excluded leaving 94 studies to be 

screened at full-text. During the full-text screening stage, 44 studies were excluded. 

Two additional studies were found through manual searches of reference lists and 

forward citations, resulting in a final sample of 52 studies.  
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Figure 4.2: PRISMA diagram for systematic review adapted from Moher et al. (2009) 
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4.3.3.1 Quality assessment of reporting: adherence to best-practice guidelines 
 

The results of the quality assessment can be found in Appendix 4.5. Scores ranged 

from 12 to 29 (mean=24) out of 30. On average, studies received the highest scores 

in criteria relating to the justification of research question and methods (question 1, 

mean score 2.9 out of 3), attribute and level selection methods (question 2, mean 

score 2.8/3.0 and the validity of results and conclusions (2.8 out of 3). Common issues 

related to the reporting and justification of sample size calculations (54%; 28/52), 

experimental design (62%; 32/52) and model estimation methods (46%; 24/52).  

Although in many instances it was hard to differentiate between poor practice and a 

lack of detail in reporting. For example, assessing the appropriateness of attribute 

presentation was difficult because access to survey instruments was often limited and 

the wording and definitions used in manuscripts often differed from what was shown 

to respondents. 

 

4.3.3.2 Study characteristics 
 

A summary of study characteristics is provided in Table 4.3 and a study-level summary 

can be found in Appendix 4.6. 

 

The application of DCEs to cancer testing has increased in recent years, with 19/52 

(37%) of the studies being published in the last five years. Studies were primarily 

clustered around five countries; Australia (13/52; 25%), USA (10/52;19%), UK 

(8/52;15%), Netherlands (8/52; 15%), France (7/52; 13%).  

 

Of the 52 included studies, 49 focused on preferences towards cancer screening. 

Screening studies commonly considered cancer sites where there is clear existing 

evidence supporting the efficacy of population-based screening (cervical 11, breast 

8), with colorectal cancer being the most common (26/52; 50%). The remaining studies 

considered prostate (Charvin et al., 2020; de Bekker-Grob et al., 2013b; Howard et 

al., 2015; Pignone et al., 2013), oesophageal (Peters & Siersema, 2020) and skin 

cancer screening (Snoswell et al., 2018; Spinks et al., 2016) where the potential 

benefits and harms of national screening programmes are debated (Light et al., 

2019). More than half (27/49) compared preferences for multiple screening options, 

most commonly when considering colorectal cancer, where the dominance of a single 
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modality is unclear. The remaining 22 studies explored preferences for a single 

screening modality: these studies typically related to screening programmes where 

there was an established modality with no close alternatives, such as the use of 

mammograms for breast cancer screening. 

 

The remaining three studies focused on diagnostic testing. Studies elicited 

preferences relating to innovation and emerging technologies across three different 

cancer sites; colorectal (Howard et al., 2011; Miles et al., 2019), prostate (Ellimoottil 

et al., 2018) and lung (Miles et al., 2019). 

 

4.3.3.3 Key components of DCEs 
 
 

Conceptualising the choice process 

 

For most studies, the choice format consisted of a series of two choice alternatives 

with little justification and regardless of the overall number of modalities being 

compared within the study or available when making decisions in real life (44/52, 85%). 

Studies commonly allowed participants to express dislike for test options by providing 

an opt-out alternative (33/52; 64%). Less common choice formats included the 

provision of a ‘status quo’ (5/52; 10%) (Hendrix et al., 2020; Howard et al., 2011; 

Salkeld et al., 2000; Snoswell et al., 2018; Spinks et al., 2016) or indifference 

alternative (1/52; 2%) (Pignone et al., 2012). 

 

In total, eight studies (15%) utilised a labelled design by using alternative-specific titles 

for each choice profile (e.g. FOBT, colonoscopy, flexible sigmoidoscopy etc.) (Benning 

et al., 2014a; Benning et al., 2014b; Fiebig et al., 2009; Hol et al., 2010; Howard et al., 

2011; Johar et al., 2013; Jonker et al., 2019; Peters & Siersema, 2020; Raginel et al., 

2020). The remaining studies (44/52; 85%) applied an unlabelled approach by 

assigning neutral titles to each alternative (e.g. “Test 1”, “Screening option A”, 

“Program 1” etc.), however, in many instances the use of detailed/specific levels meant 

that interventions were often identifiable, particularly where a “process” attribute, 

describing the nature of the test, was included.  
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Table 4.3: Summary characteristics of DCE studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristic  n (%) 

Year of publication 2000-2005 4 (8%) 

2006-2010 9 (17%) 

2011-2015 16 (31%) 

2016- present 23 (44%) 

Country* Australia 13 (25%) 

Canada 2 (4%) 

France 7 (13%) 

Netherlands 8 (15%) 

UK 8 (15%) 

USA 10 (19%) 

Other 8 (15%) 

Cancer site and 
intervention(s)* 

Breast 9 (17%) 

Mammogram 7 (13%) 

Other 2 (4%) 

Cervix 11 (21%) 

Standard care/Pap-smear 8 (15%) 

Liquid-based cytology 3 (6%) 

                Human papillomavirus (HPV) testing 2 (4%) 

Visual inspection 1 (2%) 

Self-sampling 3 (6%) 

Other 2 (4%) 

Colon 28 (54%) 

                 Faecal occult blood test (FOBT) 22 (42%) 

                 Faecal Immunochemical Test (FIT) 5 (10%) 

Colonoscopy 11 (21%) 

CT colonography 11 (21%) 

Sigmoidoscopy 10 (19%) 

Barium enema 3 (6%) 

Blood test 5 (10%) 

Other 3 (6%) 

Oesophagus   1 (2%) 

Upper endoscopy 1 (2%) 

Nasal endoscopy 1 (2%) 

Pill on a string 1 (2%) 

Breath test 1 (2%) 

Blood test 1 (2%) 

Prostate 5 (`0%) 

               Prostate-specific antigen (PSA) test 4 (8%) 

               Other 1 (2%) 

Skin 2 (4%) 

Teledermoscopy 2 (4%) 

Self-examination 2 (4%) 

Examination by professional 2 (4%) 

Lung 1 (2%) 

Whole-body MRI 1 (2%) 

Conventional staging 1 (2%) 

Population* General public- mixed experience 34 (65%) 

General public- Screening naïve only 1 (2%) 

Patients/ previously screened individuals only 12 (23%) 

Healthcare providers 10 (19%) 

Sample size* < 50 2 (4%) 

50-100 7 (13%) 

101-200 11 (21%)  

201-500 22 (42%) 

501-1000 9 (17%) 

>1000 8 (15%) 

Response rate (%)* <20 5 (10%) 

20-50 13 (25%) 

51-80 17 (33%) 

>80 8 (15%) 

Not stated 12 (23%) 

Survey administration 
method* 

Self-completed- online 22 (42%) 

Self-completed- postal 21 (40%) 

Interview-led/ in-person 15 (29%) 

Not specified 1 (2%) 

*Some studies fall into multiple categories so n>52 
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Attribute and level selection 

 

The number of attributes per choice task ranged from 2 to 13, with a median of five. 

Most studies stated the attribute selection method; however, the level of detail on how 

these methods were applied was often limited, particularly where qualitative methods 

were utilised. When selecting attributes, 72% (37/52) of studies took a multi-method 

approach, most commonly combining literature reviews (40/52; 77%) with an 

additional qualitative and/or quantitative source such as expert opinion (17/52; 33%). 

Over half the studies (29/52) reported consulting the target population throughout the 

attribute selection process, typically using qualitative methods such as interviews 

(16/52; 31%) and focus groups (10/52; 19%). Four studies (8%) did not report any 

sources of attribute selection; instead, attributes were chosen according to the 

research question and the assumptions of authors. 

The assignment of attribute levels was generally described in less detail than attribute 

selection, with eight studies not describing the process at all or relying on the 

assumptions of authors. The number of levels ranged from two to 12, averaging three 

per attribute. Where described, literature reviews (30/52; 58%) were the most common 

source for obtaining attribute levels, with existing policy (8/52; 15%), qualitative 

methods (5/49; 8%), trial data (6/52; 12%) and expert opinion (4/52; 8%) also cited.  

Experimental design 

 

Almost all studies (92%, 48/52) utilised a fractional factorial design to reduce the 

number of possible combinations of attributes and levels to a manageable size. Main 

effects only designs appeared to be most popular (21/52; 40%) compared to designs 

allowing for selected or all two-way interactions to be analysed (14/52; 27%); however, 

fifteen (29%) studies failed to clearly specify which approach had been utilised, 

although presented results suggest most of these studies also applied a main-effects 

approach (Table 4.4). The decision of whether to apply blocking during the 

experimental design (i.e. spread the choice tasks across multiple questionnaires) was 

generally well-reported and typically motivated by piloting results or methodological 

guidelines. Overall, 63% (33/52) of studies applied a blocked design to manage the 

cognitive burden for respondents by minimising the total number of choice tasks per 



 
 
 

101 
 

respondent. Alternatively, sixteen (37%) studies opted for an unblocked design, with 

these studies requiring respondents to complete 16 choice tasks on average- 4 more 

than the average study applying blocking.  

 

The use of software to aid the experimental design development process appeared to 

be popular amongst authors with the use of specialist software such as Ngene (9/52; 

17%) and Sawtooth (9/52; 17%) being common. Even so, SAS (10/52; 19%) was most 

frequently used overall. Thirteen studies failed to acknowledge any software they had 

used.  

 

Reporting on design properties used to assess the quality of the experimental design 

varied in detail, with over a quarter of studies (14/52) providing no clear details 

whatsoever. Of the remaining studies, maximising the d-efficiency was the most 

commonly reported objective during selection of the optimal experimental design 

within a study (27/52; 52%). Orthogonality (9/52; 17%), level balance (9/52; 17%), 

attribute overlap (8/52; 15%) and the restriction of improbable combinations (5/52; 

10%) were also used and reported by the authors of several studies but to a much 

lesser extent.  

 

Piloting  

 

Reporting on piloting was mixed but generally descriptions of the purpose, process 

and outcomes of piloting across studies were limited in detail. Overall, 39 of 52 (75%) 

studies reported performing some form of piloting and 34 of these studies specified 

applying an iterative, adaptive approach (Table 4.5). Authors reported testing three 

primary areas during piloting; attribute coverage (30/52; 58%), understand and 

complexity of the choice task (34/52; 65%) and length and timing of the final 

questionnaire (29/52; 56%). Thirty-one (60%) studies described the population and 

sample size of the piloting study, however just 16 (31%) studies described the method 

of administration which varied between interviews (9/52; 17%), focus groups (2/52; 

4%) and self-completion of an early version of the final questionnaire (6/52; 12%). 
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Table 4.4: Summary of experimental design features from included studies 

Characteristic  n (%) 

Design type Full factorial 4 (8%) 

Fractional factorial 48 (92%) 

Design plan Main effects only 21 (40%) 

Main effects and two-way interactions 14 (27%) 

Not applicable 2 (4%) 

Not reported 15 (29%) 

Blocking Yes 33 (63%) 

No 16 (31%) 

Not reported 3 (6%) 

Design software Ngene 9 (17%) 

SAS 10 (19%) 

Sawtooth 9 (17%) 

SPEED 2 (4%) 

Other 2 (4%) 

Not reported 21 (40%) 

 

 

Table 4.5: Summary of pilot studies carried out within included studies prior to final data collection 

 

 

 

 

Characteristic   n (%) 

Was piloting carried out? Yes 39 (75%) 

Not reported 12 (25%) 

Was piloting iterative? Yes 34 (65%) 

Not reported 18 (35%) 

What did piloting cover? Attribute coverage 30 (58%) 

Understanding and complexity 34 (65%) 

Length and timing 29 (56%) 

Was piloting population described? Yes 31 (60%) 

Not reported 21 (40%) 

Method of administration Interviews 9 (17%) 

Focus groups 2 (4%) 

Postal/online questionnaire 6 (12%) 

Not reported 36 (69%) 
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Sampling and data collection process 

 

Preferences of the general public (35/52; 67%) were most commonly collected, with 

the preferences of HCPs (10/52; 19%) and patients (11/52; 22%) considered less 

frequently. Five (10%) studies collected the preferences of multiple populations within 

a single study (Arana et al., 2006; Boone et al., 2013; Fiebig et al., 2009; Marshall et 

al., 2009; Plumb et al., 2014).  

 

Sample size calculations were described in less than half of studies (24/52; 46%) and 

final sample size varied vastly from 35-2067, with a median of 316 participants per 

study. For the most part, data was collected using a self-completed survey instrument 

administered via post (20/52; 38%) and/or online (22/52; 42%), just thirteen (25%) 

studies opting to collect data in a face-to-face format. Response rates were described 

inconsistently across studies and varied widely from 5-91% where reported. Self-

completed questionnaires predictably reporting lower rates than researcher-

administrated studies on average.  

 

Econometric analysis 

 

Reported methods used to analyse discrete choice data were diverse. Multinomial logit 

(13/52; 25%) and mixed logit (14/52; 27%) were used most frequently. Probit models 

appeared to be popular in earlier studies with a shift towards logit-based models in 

more recent years. In more recent studies, there also appears to be a move towards 

more complex methods such as latent class or hierarchical Bayes models that capture 

heterogeneity in preferences and/or scale across respondents. 

 

Incorporating sociodemographic information 

 

All but one study (Salkeld et al., 2000) collected and reported sociodemographic 

characteristics of respondents. For 38% (20/52) of studies, utilisation of 

sociodemographic data was limited to narrative descriptions only. Remaining studies 

incorporated respondent characteristics into analyses by examining associations with 

uptake (10/52; 19%), preferred test modality (6/52; 12%) and attribute utility using 
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subgroup analysis (8/52; 15%), interaction terms (9/52; 17%) and/or latent class 

membership (4/52; 8%). The inclusion and influence (both significance and direction) 

of sociodemographic characteristics varied across studies and are visually 

summarised in Figure 4.3. Evidence was generally mixed but in general significant 

interactions between preferences and demographic characteristics appeared limited. 

 

Reliability/validity of responses 

 

Table 4.6 demonstrates the range of validity tests included within studies. External 

validity relates to the ability of a DCE to produce reliable inferences about the true 

behaviour of individuals beyond the confines of the hypothetical experiment. None of 

the studies within this review carried out external validity checks. Almost half (25/52; 

48%) of the studies reported the inclusion of at least one internal validity check. Most 

commonly this was a test to check the axiom of non-satiation by including a choice 

task where one alternative within a choice set was irrefutably preferable to the other 

alternatives (dominant alternative) (18/52; 35%). Alternative or complimentary validity 

measures included across studies were test-retest reliability to check the stability of 

choice by repeating a choice set twice within a questionnaire to see if the respondent 

answers were consistent (5/52; 10%), identification of attribute domination by 

identifying non-traders (i.e. decisions based on a single attribute) (5/52; 10%), 

transitivity (2/52; 4%) and flat-lining (2/52; 4%).  

 

Respondents who failed validity checks were generally interpreted to be irrational in 

their choice behaviour. Exclusion of irrational responders is debated; many studies 

opted to include all respondents by default (6/52; 12%) or following sensitivity analysis 

(7/52; 13%). Alternatively, six studies (12%) excluded failing responders automatically 

and a further three studies (6%) following sensitivity analyses. Two studies (4%) 

received no irrational responses and two did not report the outcomes or consequences 

of validity check questions.  
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Figure 4.3:Summary of interactions between respondent characteristics and preferences towards cancer testing including in DCEs 
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Table 4.6: Summary of rationality check questions included within studies 

Characteristic  n (%) 

Type of validity check External validity 0 (0%) 

Test-retest stability 5 (10%) 

Monotonicity (dominant profile) 18 (35%) 

Transitivity  2 (4%) 

Attribute domination (non-traders) 6 (12%) 

Flatlining 1 (2%) 

Other 2 (4%) 

None/ not reported 27 (52%) 

What happened to failing 
respondents? 

Reported only 5 (10%) 

Sensitivity analysis-kept 7 (14%) 

Sensitivity analysis- excluded 3 (6%) 

Excluded automatically 5 (10%) 

Unclear/not reported 2 (4%) 

NA- not included/ no failures 29 (56%) 

 

Qualifying questions 

 

Eighteen studies (35%) reported the inclusion of one or more questions used to qualify 

or validate responses. Qualifying questions included alternative preference elicitation 

methods (e.g. ranking or rating tasks, stated WTP), debriefing questions (e.g. self-

reported task difficulty, choice certainty or satisfaction) and exercises to evaluate 

respondents’ ability to engage with tasks (e.g. health literacy, numeracy, 

comprehension questions) 

 

The utilisation and reporting of qualifying question results was limited. Five studies 

incorporated results into the econometric modelling of DCE responses, for example to 

understand scale heterogeneity or interactions with attributes (de Bekker-Grob et al., 

2020; Peters & Siersema, 2020; Ryan & Wordsworth, 2000; Salkeld et al., 2003; Vass 

et al., 2018a). Seven studies used results to aid the interpretation of DCE results 

(Boone et al., 2013; Brenner et al., 2014; Kistler et al., 2015; Osborne et al., 2018; 

Pignone et al., 2012; Pignone et al., 2014; Pignone et al., 2013). For remaining studies 

it was unclear if/how results were utilised (Charvin et al., 2020; de Bekker-Grob et al., 

2013b; Ghanouni et al., 2014; Mansfield et al., 2018; Miles et al., 2019; van Dam et 

al., 2010) 
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4.3.3.4 Study type 
 

Figure 4.4 shows the link between the stated purpose (or research question), 

measurable outcomes and the application results for each study. The purpose of 

mapping the application of results was to determine if and how findings from studies 

are being used, given the high volume of published studies. The application of DCE 

results were mapped according to details about the broader context of the studies 

given by authors within the paper (particularly within the introduction and discussion 

sections) as well as tracking forward citations and ongoing work by authors. This is an 

imperfect method but gives a general idea of the application of results. A small number 

of studies had a clear practical application such as a HTA submission (Kitchener et 

al., 2016), other studies were used to inform further research on preference elicitation 

by authors, but for the majority of studies, it was unclear if and how results had been 

used in any practical way. 

 

Patterns in study design and the types of outcomes measured were distinguishable by 

study-type rather than according to cancer site. Studies broadly sought to address 

policy-centric or methodological research questions and could be grouped in to eleven 

common study-types. 

 

Policy 

 

The objectives of these studies directly relate to policy issues surrounding the design 

and implementation of current and future screening programmes and can be 

described by seven categories:    

 

i. Increasing uptake for existing technologies (n=3) 

Three studies aimed to understand preferences to improve uptake of existing breast 

(Gerard et al., 2003; Mandrik et al., 2019) or cervical  (Li et al., 2019) screening 

programmes. Attributes primarily centred around experiential factors relating to 

screening whereas the inclusion of outcomes was limited to as single attribute in one 

study (Li et al., 2019). The number of attributes within this group was also higher than 

average, with Gerard et al. (2003) and  Mandrik et al. (2019) including ten attributes 

each. Alongside, standard regression coefficients, the primary outcome of these 
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studies was uptake rates and/or changes to uptake rates according to screening 

modality.   

 

ii. Demand for competing technologies (n=4) 

In some instances, several screening technologies exist and have all been consistently 

found to be cost-effective compared to no screening with no clear dominating modality 

(Ran et al., 2019). However, tests differ greatly in terms of patient burden and potential 

harms and benefits. In response, four studies estimated the share of demand for 

multiple, competing screening modalities alongside overall uptake rates. Three studies 

focused on colorectal cancer (Hol et al., 2010; Marshall et al., 2007; van Dam et al., 

2010) whereas Peters and Siersema (2020) considered alternative screening tests for 

oesophageal cancer. Hol et al. (2010) used a specific, labelled design, designing test 

attributes in accordance with each of the screening modalities considered and 

providing extensive background information on each test. The remaining studies 

estimated demand for each technology by mapping predetermined attributes to each 

modality to provide a profile of test characteristics. Attributes heavily focused on 

differences between tests captured via test-specific characteristics and outcomes, 

giving very little attention to service delivery or costs. Common outcomes included 

demand for screening, elasticity of demand and demand for each available screening 

test. Results varied across tests; Hol et al. (2010) and Peters and Siersema (2020) 

found respondents valued test process most highly with less invasive tests being 

preferred, whereas Marshall et al. (2007) and van Dam et al. (2010) found outcomes 

such as effectiveness and accuracy to be most important, resulting in respondents 

preferring more invasive but accurate tests such as colonoscopy.  
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Figure 4.4 Visual summarisation of the purpose, outcome measures and utilisation of DCE results 
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iii. Changes to a single aspect of screening (n=4) 

Four studies examined the importance of an improvement to a single aspect of 

colorectal tests, traditionally considered a barrier to screening. All DCEs estimated 

overall demand for screening and share of demand according to test modality. 

Ghanouni et al. (2013) examined preferences relating to hypothetical improvements 

to currently intense preparation procedures performed prior to undergoing a CT 

colonography, using a generic, unlabelled design. The remaining studies focused on  

the impact of reduced invasiveness of either newly-emerging screening tests (Benning 

et al., 2014a; Groothuis-Oudshoorn et al., 2014) or follow-up testing (Benning et al., 

2014b). These studies used a test-specific design with three profiles representing each 

screening technology compared within each question. Due to the hypothetical nature 

of the technologies examined and the specific research questions, attribute selection 

was less rigorous compared to other studies within this review- relying more on 

author’s assumptions with no utilisation of qualitative research. 

 

iv. Acceptability of new technology (n=7) 

Seven studies examined how technological advances, particularly the introduction of 

new screening modalities affected demand (Chamot et al., 2015; Hendrix et al., 2020; 

Johar et al., 2013; Kitchener et al., 2016; Oberlin et al., 2019; Snoswell et al., 2018; 

Spinks et al., 2016). Four of the studies (Chamot et al., 2015; Johar et al., 2013; 

Kitchener et al., 2016; Oberlin et al., 2019) focused on cervical screening programs. 

Alternative research aims included the impact of the potential introduction of 

teledermoscopy for melanoma screening (Snoswell et al., 2018; Spinks et al., 2016) 

and the use of AI in breast screening (Hendrix et al., 2020). The primary aim of these 

studies was to estimate demand for a proposed or newly introduced test compared to 

existing test modality, meaning share of demand or elasticity of demand were key 

outcomes alongside standard estimates of attribute utility. Despite the emphasis on 

uptake and demand for screening, only two studies of this kind to estimate overall 

demand for screening (Oberlin et al., 2019; Spinks et al., 2016). The objectives of 

these studies focused on differences between tests, therefore all used a test-specific 

or mapped design. Kitchener et al. (2016) elicited preferences of women who 

previously opted out of screening. Remaining studies focused on retesting amongst 
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previously screened patients. Studies typically included a range test-specific and 

structural attributes and interestingly, did not consider outcomes at all. 

 

v. Barriers to screening (n=5) 

Five studies focused on preferences for screening in vulnerable or low uptake 

populations such as low income or uninsured (Martens et al., 2016; Pignone et al., 

2014; Ramezani Doroh et al., 2019), elderly (Kistler et al., 2015) or previous non-

attenders (de Bekker-Grob et al., 2020) groups, where underlying needs may differ 

systematically and observed screening rates are traditionally lower than the national 

average. The aim of the studies was to understand what drives demand in under-

screened population groups to improve screening adherence. All studies examined 

preferences surrounding colorectal cancer screening and typically examined 

preferences towards multiple, widely available screening modalities. All DCEs allowed 

for preference heterogeneity by utilising hierarchical Bayes (Kistler et al., 2015; 

Martens et al., 2016; Pignone et al., 2014), latent class (de Bekker-Grob et al., 2020) 

or segregation (Ramezani Doroh et al., 2019) approaches to model estimation. 

Alongside average utility scores for each attribute level, a common outcome within 

these studies was attribute importance scores. Despite the emphasis on improving 

uptake rates, only de Bekker-Grob et al. (2020) attempted to estimate demand for 

screening by conducting sensitivity analysis examining the impact of test and personal 

characteristics on uptake.  

 

vi. Introduction of and changes to national screening policies (n=5) 

Five DCEs examined general public preferences with the purpose of designing 

national screening policies, specifically examining marginal rates of substitution 

between the benefits and harms of screening. The publication of these studies tended 

to coincide with the introduction of new mass screening programs (Salkeld et al., 2003) 

or changes to existing policy (Nayaradou et al., 2010; Ryan & Wordsworth, 2000) or 

the consideration of potential national screening programs with ambiguous efficacy 

(de Bekker-Grob et al., 2013a; de Bekker-Grob et al., 2013b; Howard et al., 2015).  

 

Studies did not attempt to draw conclusions on the most acceptable test; therefore, 

they used generic survey designs avoiding test-specific attributes and instead selected 
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levels based on the accepted screening modality. Selected attributes were wide-

ranging; however, these studies included the highest number of attributes per study. 

This group also had a greater focus on the associated risks of screening than other 

DCEs, with each study including at least two attributes incorporating risk. Despite the 

emphasis on the importance of participation, uptake was not estimated within these 

studies. Instead, the primary outcome was trade-offs between attributes using WTP or 

WTA calculations. Results varied across studies but outcome attributes, particularly 

reduction in cancer-related mortality, were consistently ranked more important than 

structural attributes.   

 

vii. HCPs vs Public (n=3) 

Three papers compared the preferences of doctors and the public to evaluate 

discrepancies that may impact screening behaviours (Arana et al., 2006; Fiebig et al., 

2009; Marshall et al., 2009). Arana et al. (2006) and Marshall et al. (2009) both used 

a single questionnaire across population groups but differed slightly in research 

questions: Arana et al. (2006) asked doctors about their own screening behaviour to 

assess the impact of medical experience whereas Marshall et al. (2009) required 

HCPs to answer of behalf of their patients (i.e. predict patient preferences). 

Alternatively, Fiebig et al. (2009) asked HCPs about their own preferences for patient 

care using different surveys for the different populations. The use of different surveys 

limited comparability across attributes but was more representative of real practice 

where doctors consider issues such as patient age, screening history and 

remuneration when making screening recommendations. These studies generally 

found that the order of importance of attributes was consistent between doctors and 

their patients; however, the relative importance consistently differed across studies. 

Perhaps due to information and experience asymmetry, responses of HCPs tended to 

be less variable than the general public (Fiebig et al., 2009) and predictions of uptake 

and willingness to pay were much more reflective of real practice compared to patient 

responses (Marshall et al., 2009).    

 

viii. Provider-focused (n=4) 

Four studies focused specifically on the preferences of HCPs towards mass screening 

programmes, primarily colorectal cancer (Berchi et al., 2006; Papin-Lefebvre et al., 
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2017; Raginel et al., 2020; Sicsic et al., 2016). All four studies were set in France and 

typically coincided with changes in national screening policies such as the initial 

introduction of colorectal screening in 2008 or change in the standard screening 

modality from FOBT to FIT in 2015 (Leuraud et al., 2013; Pellat et al., 2018). DCEs 

aimed to understand how idiosyncrasies of the French healthcare system may hinder 

promotion of screening by doctors directly impacting participation rates for their 

patients. For example, Berchi et al. (2006) and Sicsic et al. (2016) examined the 

optimal level of remuneration to increase willingness to engage with screening 

programs under the fee-for-service system that pays for curative medical treatments 

but can hinder screening uptake if preventative services are not compensated. 

Alternatively, Papin-Lefebvre et al. (2017) focused on preferences relating to legal 

responsibility for incorrect results or late detection of cancer. Finally, Raginel et al. 

(2020) focused on the promotion of cervical screening in the context of social 

inequalities.  Studies typically included attributes capturing structural characteristics of 

screening programs rather than outcomes or features of specific tests and only 

considered screening modalities approved for mass screening.  

 

ix. Attribute trade-offs (n=6) 

The objective of these studies was to estimate the trade-offs between attributes of 

screening tests (Boone et al., 2013; Kohler et al., 2017; Mansfield et al., 2018; Osborne 

et al., 2018; Plumb et al., 2014; Sicsic et al., 2018). Osborne et al. (2018) and 

Mansfield et al. (2018) specified levels according to existing screening modalities. All 

remaining studies applied a generic design using non-specific attributes and levels 

that could be applied across current and future modalities. The aim was not to predict 

screening behaviour or preferences for competing tests therefore, with the exception 

of Sicsic et al. (2018), studies did not include an opt-out option or attempt to estimate 

uptake. Instead, common outcomes included the MRS between attributes using WTP 

or WTA methods with false-positive results as the numerator. Alternatively, Kohler et 

al. (2017) assessed the relative importance of attributes by calculating mean attribute 

importance scores.  
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x. Diagnosis studies (n=3) 

Three studies focused on diagnostic testing for cancer (Ellimoottil et al., 2018; Howard 

et al., 2011; Miles et al., 2019). All studies elicited preferences of patients towards 

existing tests compared to recent or emerging innovations in diagnostic imaging. All 

were embedded within a wider clinical trial comparing technologies. Ellimoottil et al. 

(2018) was the only study to provide an opt-out alternative. Remaining studies justified 

the omission on the basis that participants had previously undergone the diagnostics 

under investigation within the DCE and were unlikely to decline testing when 

experiencing cancer symptoms. All studies measured trade-offs with WTA (Howard et 

al., 2011; Miles et al., 2019) or WTP (Ellimoottil et al., 2018). Additional outcomes 

included the probability of choosing the existing test or new test under different 

scenarios according to changes to attribute levels or personal characteristics (Howard 

et al., 2011; Miles et al., 2019).  

 

Methodological studies 

 

A second group of studies used cancer testing as a case study to demonstrate 

underlying practical issues relating to the design and implementation of DCEs within 

health economics. Research questions focused on specific methodological issues and 

results primarily focused on implications and recommendations for future practice. 

Interpreting how results may impact cancer testing was less common across these 

studies. Within the methodological studies three broad categories were identified:  

 

i. Comparison of preference elicitation techniques (n=3) 

Three studies used cancer screening to compare the outcomes of DCEs with 

alternative conjoint analysis methods including ranking and rating tasks (Brenner et 

al., 2014; Pignone et al., 2012; Pignone et al., 2013). This group focused the least on 

consequences for cancer screening policies; underreporting on issues such as 

attribute selection and experimental design, and inconsistently including results from 

DCE tasks.  
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ii. Underlying theoretical issues (n=5) 

Five studies focused on issues relating to the theories underpinning DCEs using 

cancer screening as an exemplar (Bilger et al., 2020; Charvin et al., 2020; Howard & 

Salkeld, 2009; Salkeld et al., 2000; Vass et al., 2018a). Salkeld et al. (2000) used the 

case of colorectal cancer screening to examine whether people prefer a service they 

have previously experienced compared to hypothetical new policies- a question which 

incorporates several economic and psychological principles within decision theory 

such as status quo bias, hypothetical bias and regret aversion. Results confirmed the 

existence of a ‘veil of experience’ but authors did not interpret results in terms of 

consequences for screening. Howard and Salkeld (2009) used the example of 

colorectal cancer to assess the influence of attribute framing on preferences and 

specifically WTP estimates. Results demonstrated significant differences in model 

estimates based on negative and positive framing of the sensitivity and specificity of 

competing tests. Due to comprehensive descriptions of the development process, 

experimental design and outcomes, this study provides more insights into the 

implications for colorectal screening than other methodological papers. Vass et al. 

(2018a) investigated the impact of presentation of risky attributes on preferences in 

the context of breast screening, finding no differences in model estimates when risk 

was presented visually or numerically. Finally, two studies investigated the impact of 

increased information on decision processes relating to prostate screening (Bilger et 

al., 2020; Charvin et al., 2020) with contrasting results. Charvin et al. (2020) found 

increased information on the benefits and harms of screening significantly increased 

the intention to abstain screening given the current ineffectiveness of test strategies. 

Alternatively, findings from Bilger et al. (2020) suggested differences in the information 

relating to breast and cervical screening had no impact on uptake or preferences. 

 

4.3.4 Discussion 
 
 

4.3.4.1 Main findings 
 

This review demonstrates that the number of DCEs for cancer testing continues to 

grow. Almost all studies within this review focused on preferences towards cancer 

screening. The publication of DCEs eliciting preferences towards diagnostic testing is 

comparatively limited; however, the three studies included within this review 
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demonstrate a willingness to engage with choice tasks and form preferences in 

relation to this topic. DCEs relating to testing for colorectal cancer were particularly 

popular and represented 52% (27/52) of studies. Oppositely, preferences relating to 

ovarian cancer is a clearly underexplored area, with no studies identified.  

 

Studies covered a broad range of research questions, particularly focusing on policy-

based issues such as barriers to uptake of existing screening programmes and 

acceptability of newly developed or emerging screening technologies. Preference-

based evidence emerging from the DCEs provides valuable insights given the current 

status of screening in the UK. The effectiveness of screening programmes in 

maximising health gains and reducing mortality relies on the willingness of individuals 

to participate. In recent years screening rates have become stagnant, inconsistently 

meeting participation targets (Hirst et al., 2018; Shahidi & Cheung, 2016) and even 

declining in some instances (NHS Digital, 2018). Preference-based studies mean test 

procedures can be refined and barriers or misconceptions of screening can be 

identified and addressed through public health campaigns to increase uptake and 

improve patient satisfaction. Simultaneously public pressure for extending cancer 

screening to other tumour sites, particularly prostate cancer is enduring despite 

evidence that any benefits are outweighed by harms at present. In this instance, 

understanding preferences provides understanding of minimum thresholds new tests 

must fulfil to be acceptable to the public.   

 

Despite the emphasis on policy-based research and continued growth in published 

literature relating to cancer testing, it was often unclear how the results of DCEs can 

and have been applied in practice. The conclusions of studies frequently recommend 

the most appropriate screening modality or approaches to increase participation; 

however due to the relative nature of results, inconsistencies in research 

practice/quality and heterogeneity in attribute inclusion, these conclusions frequently 

differ from study to study and are unable to be effectively pooled. This inability to 

externally validate or even effectively compare results across DCEs impacts the 

reliability of results and likely limits the practical application of findings. 
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Amongst the more pragmatic studies, Kitchener et al. (2016) developed a DCE to 

assess the acceptability of self-testing cervical screening kits and timed appointments 

among women who did not initially respond to a routine screening invitation. The DCE 

was submitted as part of HTA application although it is unclear what weighting this 

held for any decision-making as both interventions were found to be effective at 

increasing screening uptake and cost-effective at £7,593 and £8,438 per QALY based 

on traditional cost-utility analysis using trial-based data. Additionally, several other 

studies including all three diagnostic studies were set in the broader context of a 

randomised trial that aimed to measure the feasibility and acceptability of new testing 

modalities (Ellimoottil et al., 2018; Howard et al., 2011; Miles et al., 2019; Osborne et 

al., 2018; Snoswell et al., 2018). 

 

However, for most studies (32/40, 62%), it was unclear if and how results had been 

utilised to inform clinical practice or policy making decisions. The most common 

observable purposes were for the design of a subsequent DCE (9/40) or secondary 

analysis of the data with the purpose of exploring methodological issues associated 

with DCEs (6/10).  

 

Areas of limitation 
 

To reflect the growth in the use of DCEs in healthcare in recent years, several 

formative guidelines have been published to offer methodological advice for 

conducting and reporting DCEs covering topics such as survey development, 

experimental design, model specification and interpretation of results (Bridges et al., 

2011; Lancsar & Louviere, 2008; Coast et al. (2012). This section highlights a few 

examples of mismatches between “best practice” and methods used within the DCE 

included in this review. Although it should be noted that fourteen (27%) of the studies 

were published prior to the publication of the checklist used to assess the quality of 

studies in this study (Bridges et al., 2011). It is also likely that several of the studies 

published in subsequent years were also designed and conducted prior to publication 

or dissemination and widescale adoption of the guidance as best practice. 

Encouragingly, results of the critical appraisal suggest the quality of studies continues 

to improve over time as dissemination of guidance documents increases. Additionally, 
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in many instances it is difficult to distinguish between inadequate reporting and 

suboptimal research design.   

 

Guidance acknowledges that attribute selection requires a balance between the 

factors relevant to respondents and the specific policy or research question of interest 

(Bridges et al., 2011). In general, descriptions of attribute development were brief, 

making the ability to assess the rigorousness of the selection process difficult and 

limiting replicability in future research. This was particularly true for studies which 

included qualitative elements, with descriptions of how evidence was collected and 

utilised underreported in most instances, an issue that has been discussed in depth 

by Coast et al. (2012). The perceived importance of attributes is entirely dependent on 

the other attributes included (or excluded) within the DCE. This means attribute 

selection must strike a balance between avoiding omitted variable bias by excluding 

key attributes and increasing complexity of choice tasks due to too additional attributes 

(Bridges et al., 2011). To limit omitted variable bias, the importance of consulting the 

target population during the attribute selection stage is widely acknowledged. 

However, only 55% (29/52) of the studies within this review directly incorporated the 

views of the target population during the attribute selection process.  

 

To further reduce the risk of excluding potentially relevant attributes, guidelines stress 

the importance of an iterative face-to-face piloting (Lancsar & Louviere, 2008). Lancsar 

and Louviere (2008) recommend pretesting to check the choice of attributes during 

attribute selection and understanding, complexity and timing of the final questionnaire 

to identify common areas of misunderstanding or non-compliance early in the 

development process to ensure validity of the final questionnaire. Although three 

quarters (39/52) of studies reported conducting some form of piloting, descriptions of 

purpose, methods and outcomes of piloting were under-reported.  

 

The level of detail relating to the reporting of the more quantitative elements of DCEs 

(i.e. sample size calculations, experimental design and econometric analysis) varied 

considerably across studies making judgements of research quality difficult. There 

remains no gold standard for these aspects of DCEs, meaning it is important for 

researchers to describe, evaluate, and document how the particular design meets the 
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goals of the study (Bridges et al., 2011). In general, it appears that the experimental 

design and econometric modelling of responses continue to become increasingly 

sophisticated to maximise the information that can be obtained from choice 

experiments and incorporate more complex issues such as preference or scale 

heterogeneity. However, increased complexity does not appear to be matched with in-

depth descriptions of the underlying methods and features, which were often 

insufficient according to the leading guidance available. Shortcomings in reporting may 

be due to word count restrictions of journals but also appear to be exacerbated by the 

increasing use of software packages such as Sawtooth where advanced methods are 

made more accessible but lead to a potential ‘black box’ effect.  

 

4.3.4.2 Ongoing issues/ areas of debate 
 

This review includes examples of high-quality DCE studies applied to the elicitation of 

preferences for cancer screening and diagnostic testing. However, previous sections 

highlighted that DCEs generally appear to be somewhat self-referential in nature (i.e. 

largely used to inform other DCEs). To be useful to decision-making bodies, DCEs 

must provide reliable, reproducible, comparable and generalisable results to the 

relevant population and/or healthcare system of interest. In a commentary on the use 

of healthcare-focused DCEs to inform quantitative benefit-risk assessment in 

regulatory decision-making, Vass and Payne (2017) highlight a number of key areas 

where more supportive evidence on the readiness of DCE evidence is required, 

including the role of training materials and defining the appropriate study population.  

 

The high volume of methodological papers included within this review indicate steps 

to consolidate many unresolved debates in the best practice in the application of DCEs 

to health-related questions. The results of this current review identify several additional 

areas of methodological debate where additional evidence may improve the uptake 

and application of DCE findings in policy decisions.  Many of these areas have been 

long debated in the broader DCE literature but investigation within the healthcare 

setting remains largely unaddressed. 

 

Validation of DCE results 
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Maximising the validity of DCE responses is a fundamental requirement for the 

incorporation into decision-making contexts. Validity checks, both internal and 

external, provide a way of assessing the quality and accuracy of the experimental data 

collected in DCEs regarding the ability to capture the true preferences of respondents 

and applicability to real world decision-making.  External validity requires observation 

the actions respondents in a real world setting and is therefore notoriously hard to 

measure since an inability to observe true behaviour is typically the motivation for the 

application of stated preference methods such as DCEs in the first place (Lancsar & 

Swait, 2014).  In the absence of, or complementary to external validity measures, 

internal validity tests provide an accessible way of checking the logic, consistency and 

underlying assumptions of choice behaviour within discrete choice experiments.  

 

Twenty-five studies in this review included at least one additional choice set to test the 

rationality/validity of respondent’s choices. Qualifying or debriefing questions provide 

an alternative method to evaluating the quality and validity of results. Sixteen (31%) 

studies reported the use of debriefing questions. The interpretation of both validity 

check and debriefing questions varied greatly across studies and in many instances it 

was unclear how/if responses were utilised. Currently there is no widely accepted or 

standardised set of questions which are recommended to assess the quality of 

responses and many questions regarding the application of rationality check and 

debriefing questions for the purpose of assessing the validity of findings remain 

(Pearce et al., 2020). For instance, how many and which questions to include? What 

is level of failures is acceptable at both an individual-level and sample-level? What 

should be done about respondents who appear to ‘fail’ rationality checks? How does 

the inclusion of validity check questions impact responses to choice tasks? 

 

The presence of indifference  

 

Guidance on the use of an opt-out option is mixed; Lanscar and Louviere (2008) 

discourage the use of forced-choice, particularly when considering interventions that 

rely on voluntary participation (e.g. screening), as results can only be interpreted under 

the implicit assumption that all respondents choose to participate even when both 

options are unappealing and would not be chosen in practice - a particularly relevant 
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issue when considering uptake. Bridges et al. (2011) however, acknowledge that the 

appropriateness of an opt-out is entirely dependent on the research objectives and is 

not necessary and often not suitable when estimating underlying preference structures 

due to the censoring of data (since the selection of the opt-out alternative provides no 

information on trade-offs between attributes).  

 

Despite these differences in guidance, the use (or disuse) of opt-out alternatives was 

generally well-justified within the studies within this review. Furthermore, there is a 

growing evidence-base surrounding unresolved debates such as the consequences 

of including or excluding no choice alternatives (Determann et al., 2019; Veldwijk et 

al., 2014) and guidance on how such responses should be incorporated into the 

analysis of responses (Campbell & Erdem, 2019; Ryan & Skåtun, 2004). 

 

Conversely, despite being explicitly listed as a criterion in the ISPOR Conjoint Analysis 

guidelines (Bridges et al., 2011), the inclusion of “indifference” or “no preference” 

alternatives has been less considered within the healthcare literature to date. An 

indifference alternative allows respondents to express neutrality between test profiles 

within each choice task. Absence of an indifference alternative may force respondents 

to artificially assign a preference to an alternative which could potentially lead to 

stochastic decision-making, reducing the overall quality and reliability of data (Cantillo 

et al., 2010) Despite this, just one study in this review included a “no preference” 

alternative, and it is unclear how such responses were analysed (Pignone et al., 2012). 

A key obstacle in the inclusion of indifference alternative is the current lack of evidence 

on how such responses should be modelled during econometric analysis. Previous 

studies investigating indifference in the broader DCE literature have used a variety of 

methods no leading/ clear analytical approach has emerged (Cantillo et al., 2010; 

Dekker, 2014) meaning studies remain largely theoretical in nature and use in applied 

studies remains uncommon. 

 

Attribute non-attendance 

 

Attribute nonattendance (ANA) is widely acknowledged to have detrimental impact of 

bias in parameter estimates and can be particularly misleading when attempting to 
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make comparisons on the marginal rates of substitution between attributes (e.g. WTP 

measures). Under standard theories of behavioural choice (such as Random Utility 

Theory), discrete choice models assume all attributes are considered by individuals 

and are traded off in a compensatory manner. Non-attendance presents a challenge 

to this assumption whereby one or more attributes within a choice alternative is 

ignored by a subset of respondents (i.e. it has no influence on the choice made). 

 

ANA can be measured using a variety of approaches; self-reported non-attendance 

through debriefing questions, observed through methods such as eye or mouse 

tracking or inferred through econometric analysis methods.  

 

In total, six (12%) studies included a check for non-attendance, sometimes referred to 

as ‘non-trading’. However, no studies attempted to adjust model estimates to account 

for these respondents beyond excluding them from analysis. Attempts to measure and 

address attribute non-attendance (ANA) is an area of neglect within the studies within 

this review. Furthermore, despite gathering large amounts of attention in disciplines 

such as transport economics debates remain about how to best measure attribute non-

attendance and how to analyse non-trading responses (Alemu et al., 2013; 

Heidenreich et al., 2018; Lew & Whitehead, 2020). 

 

Risk communication 

 

The balance of risks and benefits are central to decision-making relating to testing as 

a result risk-based attributes feature heavily in the studies within this review (Appendix 

4.1). The incorporation of risk increases the cognitive burden of choices, particularly 

when applied to already complex medical concepts such as test sensitivity and 

specificity. If risk information is not well presented or well understood, it may be 

detrimental to the validity of results. A few studies within the review focused on how 

variations risk presentation may affect results (Howard & Salkeld, 2009; Vass & 

Payne, 2017). Despite the growth in methodological papers addressing challenges 

around risk communication challenges still remain.  
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Challenges specifically relating to risk communication within DCEs have also been 

highlighted in (Harrison et al., 2014) and include framing effects, optimal visual aids 

and relative versus absolute risks. Although, there is currently no gold standard 

method for risk communication, outside of the DCE literature a number of emerging 

guidelines and best practices continue to evolve (Fagerlin et al., 2011; Naik et al., 

2012). Much of this guidance has not been applied within healthcare DCEs to date. 

Improved understanding of risk communication applied to risky attributes in necessary 

to limit bias and demonstrate the robustness of results of DCEs. 

 

4.3.4.3 Limitations with review 
 

This review was conducted using a rigorous search strategy, performed and reported 

with full transparency. However, a few limitations remain. First, the search was limited 

to published peer-reviewed studies meaning some unpublished studies that add to the 

knowledge base may have been excluded. Second, analysis was limited to what was 

reported by authors of the original studies; where supporting documents such as the 

survey instrument and further contextual information were unavailable this may have 

led to an unduly critical assessment of a study. Finally, quality assessment was 

performed using a methodological checklist because of the unavailability of an 

established risk-of-bias assessment tool to evaluate discrete choice studies (Bridges 

et al., 2011). This enabled discussions of the quality and limitations of included studies 

in a broad sense, specifically in relation to the quality of reporting within DCEs, but the 

methodological quality cannot be fully inferred meaning it was not possible to calculate 

a measure of the risk of bias or make decisions on the inclusion/exclusion of studies 

based on quality.  

 

4.4 Chapter summary  
 

This chapter summarised and critically appraised existing evidence relating to the 

application of DCEs to testing for cancer in both asymptomatic (screening) and 

asymptomatic (diagnosis) settings. The chapter began by performing an overview of 

existing systematic reviews on the topic. In total, five systematic reviews were 

identified, all of which focused on cancer screening. The overview identified several 

gaps in the existing literature such as evidence relating to methodological aspects of 

DCEs.  
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Next, a systematic review of DCEs eliciting preferences towards cancer screening and 

diagnostic testing was conducted. The systematic review built on existing reviews by 

expanding the search terms, dates and databases.  

 

Studies relating to cancer screening were common and appeared increasingly popular 

over time. The exploration of preferences towards diagnostic testing were 

comparatively unexplored, with only three studies identified. Studies typically focused 

on policy-based questions such as increasing uptake, assessing the acceptability of 

potential screening programmes and improving access for underserved populations. 

Despite the continued growth in the application of DCEs to cancer testing, the 

application of findings to policymaking appears limited at present.  

 

The inability to externally validate DCE findings means refining DCE methods to 

ensure quality and minimise bias in estimates is crucial to improving the utilisation of 

results by decision-making context. This chapter highlighted several areas where more 

evidence may help to improve the methodological quality and consistency of future 

DCEs applied to cancer testing. These areas include the use of alternatives to allow 

individuals to express indifference between test options, clearer reporting of methods 

and results within studies and refining the communication of risk-based attributes. 

Findings from this chapter were used to refine the methodological research questions 

addressed within the DCEs described in future chapters. Furthermore, in-depth 

analysis of attribute selection, importance and significance was a fundamental step for 

attribute selection for the DCEs within this thesis (Appendix 4.1).  
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Literature update: September 2022 

 

Searches were rerun on 10th September 2022 to account for the time between completion of 

the systematic review and submission of the thesis. In total, 162 new publications were 

identified to be screened. No new systematic review fitting the criteria of the scoping review 

were identified, however, four newly published primary DCE studies were identified. All 

studies related to cancer screening; no additional studies eliciting preferences towards 

diagnostic testing for cancer were identified. Similar to the majority of studies included as 

part of the full systematic review, new studies all focused on policy-based questions, in 

particular the acceptability of potential new programmes such as endoscopic screening for 

gastrointestinal cancer (Liu et al., 2022) , lung cancer (Zhao et al., 2021)  and multi-cancer 

screening using a blood test (Gelhorn et al., 2022) . Alternatively, (colorectal) aimed to 

compare preferences towards an existing colorectal screening between HCPs and patients 

(Heidenreich et al., 2022). 

 

Three of the four studies included a combination of service delivery, test-specific, cost and 

outcome characteristics. For (multi test and colorectal) test accuracy was the most important 

attribute overall, while respondents in (endoscopy) prioritised the pain associated with a test 

above all else. Interestingly, Zhao et al. (2021) focused only on service delivery attributes with 

screening interval being the most important determinant of choice of lung screening test 

overall.  

 

Data for these studies were all collected during the Covid-19 pandemic, however no studies 

discussed the potential impacts on the pandemic on preferences. It is likely that preferences 

for screening may have changed since the pandemic due to a refreshed focus on physical 

health and new exposure to the intricacies of screening and diagnostic testing as discussed 

in Chapter 3. Future DCEs in this area may be useful to explore changes in preferences and 

attitudes towards screening. For instance, by repeating pre-pandemic experiments in 

matched populations. 

 

https://universityofexeteruk-my.sharepoint.com/personal/rh591_exeter_ac_uk/Documents/0%20Thesis%20draft/PhD%20corrections/(Heidenreich%20et%20al.,%202022)
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5 Preferences towards diagnostic testing: attribute 

development 
 

5.1 Introduction 
 

This chapter describes the process of selecting attributes and levels to be included in 

a DCE aiming to explore preferences towards diagnostic testing for ovarian cancer in 

primary care. Attribute development in this chapter utilised a multi-method approach 

by combining a range of methods, including literature reviews, quantitative 

questionnaires, and qualitative workshops. The chapter takes a sequential approach 

describing each of the methods and outcomes in turn before summarising all the 

results at the end and describing the final outcomes. Next, a summary section 

describes the process of consolidating evidence from the different stages of attribute 

selection and provides a description of the selected attributes and level assignment. 

The chapter finishes by discussing challenges relating to attribute development, in 

particular, the complexities of combining multiple methods during attribute selection.  

 

5.2 Background 
 

Attribute selection is an early step in the development of any DCE. During a DCE, a 

combined set of attributes is used to describe the alternative choices available to 

respondents. To generate high quality data, alternatives must reflect the choice 

context as realistically as possible to respondent (Bridges et al., 2011).  

 

To manage the complexity and cognitive burden of decisions, DCEs typically limit the 

number of attributes to between four and nine (Soekhai et al., 2019). However, 

decisions relating to medical testing are complex and multifaceted. It is therefore 

important to identify and include the attributes that are most relevant to decisions for 

the maximum number respondents (Lancsar & Louviere, 2008). Respondents may 

make their own assumptions about any motivating factors that are omitted from the 

DCE task, reducing the quality and validity of results.  

 

Methods for developing attributes within DCEs are varied. Current guidance places 

emphasis on the importance of target population involvement using qualitative 
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methods such as focus groups or interviews (Bridges et al., 2011; Kløjgaard et al., 

2012).  

 

This chapter builds on the increasing number of published studies by adopting a multi-

method approach to attribute development (De Brún et al., 2018; Helter & Boehler, 

2016; Obadha et al., 2019; Webb et al., 2021), A combination of quantitative and 

qualitative methods were utilised and combined to select attributes in the context of 

the primary research question: what are women’s preferences towards diagnostic 

testing for ovarian cancer? Figure 5.1 summarise the methods used during attribute 

aims and purpose of each of the methods utilised during attribute development. The 

remainder of this chapter describes each stage of the development process 

chronologically. Attributes and levels were then further refined during the pilot study 

described in Chapter 6. 

 

A summary of attribute inclusions and exclusions at each stage of the development 

are shown in Figure 5.2. 
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Development 
stages: 

Development 
aim(s): 

Methods: 

Literature 

Internal reduction 
exercise 

Prioritisation 
exercise with target 

population 

Online workshops 
with target 
population 

Piloting 

Identification . Selection   . Refinement

     

Understanding 
Relevance 

to UK 
setting 

Relevance 
to cancer 
diagnosis 

Relevance 
to target 

population 

Relevance 
to ovarian 

cancer 

Overlap 
between 
attributes 

Presentation 

Wording 
and 

descriptions 

Level 
assignment 

Identify any attributes of diagnostic testing 
that may be potentially relevant to the 

target population 

3 2 3 4 3  

Figure 5.1: Overview of the attribute development process  
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 Figure 5.2: Summary of inclusions and exclusions during each stage of attribute development 

Source: 

 ● Cancer screening and diagnostic systematic review 

 ▲Diagnostic testing DCE literature search 

 ■ Qualitative literature 



 
 
 

130 
 

5.3 Literature reviews 
 

5.3.1 Methods 
 

The primary source of attribute identification was the systematic review of previous 

cancer screening and diagnostic DCEs presented in Chapter 4. To compensate for 

the heavy emphasis on cancer screening within the review, a complimentary literature 

search of discrete choice experiments towards diagnostic testing for any medical 

condition was conducted and any additional attributes were extracted. The literature 

search utilised the existing Endnote database used during Chapter 4 and applied 

search terms relating to diagnosis (“diagnose”, “diagnostic”, “diagnosis” and “test”) to 

identify relevant studies. Searches took place in March 2019.  

 

The final source of attribute identification was qualitative studies relating to the 

experiences of women diagnosed with ovarian cancer, discussed in Chapter 3 (Fitch 

et al., 2002; Jelicic et al., 2019).  

 

Existing literature was also used to identify initial wording and descriptions of potential 

attributes to be refined throughout the development process. 

 

5.3.2 Results 
 

In total, 50 additional DCEs on diagnostic testing were identified. Studies covered a 

range of disease areas, most commonly; antenatal testing (n=16), genetic testing 

(n=16) and testing relating to sexual health (n=13). Analysis of included attributes was 

conducted and results are found in Appendix 5.1.   

 

The attributes identified from the literature are shown in Figure 5.2. Seventy-seven 

attributes were identified in total, 17 of which were exclusive to the additional search 

of diagnostic DCEs and qualitative literature. 

 

 

 

 

 

Summary of findings from the literature: 
- Seventy-seven attributes were identified from multiple literature searches 

covering DCEs on cancer screening and diagnostic testing, DCEs of diagnostic 

testing in healthcare and qualitative studies on experiences of women 

diagnosed with ovarian cancer. 
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5.4 Internal reduction exercise 
 

5.4.1 Methods 
 

To condense the extensive list of potential attributes identified from the literature, the 

first step was to carry out an internal reduction exercise. This consisted of three stages: 

  

i. Each member of the PhD team independently evaluated each attribute using 

a template in excel. This involved stating whether they believed attributes 

should be included or excluded according to a set of pre-specified criteria 

ii. Reponses were merged and areas of agreement or disagreement were 

highlighted using a colour coded spreadsheet 

iii. Results were discussed as a group in multiple rounds until consensus was 

reached 

To minimise speculative judgements, attributes were excluded according to the 

specific criteria listed below: 

 

• Relevance to the research question  

• Relevance to tests available for ovarian cancer  

• Relevance to diagnosis (given most attributes were identified from cancer 

screening literature)  

• Relevance to a UK setting  

• Relevance to population  

• Overlap between attributes 

Exclusions were made on the full agreement of the team; attributes were retained 

where a consensus could not be reached. The internal reduction process was not 

intended to be final. Attributes could be reintroduced at later stage if deemed important 

after engagement with the target audience.  

 

5.4.2 Results 
 

After two rounds of responses and discussion, fifty-two attributes were excluded upon 

the full agreement of the research team. Reasons for exclusion at this stage are 

indicated in Figure 5.2 by colour. Following this stage, twenty-five attributes remained. 
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5.5 Prioritisation exercise with the target population 
 
 

5.5.1 Methods 

 

Object case best-worst scaling (BWS) was used to determine the prioritisation of the 

remaining twenty-five attributes to the target population following internal reduction 

exercise. Included attributes and definitions used in the BWS survey are shown in 

Table 5.1. 

In object case (Case 1) BWS, items are defined at the “object” level (e.g policies, 

products, medical treatments or attributes of policies, products or medical treatments) 

but the “levels” or range of each item is not specified to respondents (Figure 

5.3)(Louviere et al., 2013). The object case is the broadest approach to BWS and is 

often used as an alternative to ranking or rating tasks using a Likert scale. This 

approach is useful where there are many items of interest and the aim is to gain an 

understanding of the overall order of importance. Object case BWS provides a full 

ranking of attributes, however, due to the simplicity of the approach outcomes are 

somewhat limited compared to the other BWS approaches and DCEs (Mühlbacher et 

al., 2016).  

 

Figure 5.3: Example of a BWS object case (case 1) choice task 

Most important Characteristics of the test Least important 

 Mode of administration  

X Risk of side effects  

 Test duration X 

 Out-of-pocket costs  

 

 

Summary of findings from the internal reduction exercise: 
- Twenty-five attributes remained following the internal attribute reduction 

exercise 

- Fifty-two attributes were excluded based on five pre-determined exclusion 

criteria 
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5.5.1.1 Experimental design 
 

A balanced incomplete block design (BIBD) for the remaining attributes (n=25) was 

constructed using SAS 9.4. A BIBD is used when it is not possible to include all 

attributes in every block (choice task), instead a subset of the attributes of interest are 

shown in each block (i.e. an incomplete block design). To be balanced, the design was 

constructed such that each attribute occurs an equal number of times and attributes 

occur together an equal number of times across choice tasks. 

 

Eight potential designs were identified ranging from 4-16 attributes per choice set and 

between 25-50 choice sets in total. A final design consisting of 30 choice tasks with 5 

attributes each was selected, based on a trade-off between the complexity of the 

survey for respondents and the efficiency of the design (final d-efficiency of 83.3%). 

Each attribute occurred six times across the choice tasks and every pair of attributes 

occurs together once (i.e. concurrence of one). Comparing attributes with each other 

more frequently would increase the internal validity of the survey but at the expense 

of increased length and repetitiveness. The position of the attributes within choice 

tasks was optimised such that attributes were listed in 1st-5th position as equally as 

possible and the order of choice tasks was randomised between participants. Each 

participant completed all thirty choice tasks. An example choice task is shown in Figure 

5.4. 
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Table 5.1: Summary of the twenty-five attributes included in the BWS study 

 Attribute and definition 

1 Test sensitivity 
Chance that the test will miss cancer in a patient who actually does have the disease 

2 Chance of dying from ovarian cancer 
How much having the test decreases the chance of dying from ovarian cancer 

3 Choice of appointment time 
Whether a person can choose an appointment time or if the appointment time is assigned by the healthcare provider 

4 Who explains the results 
Type of healthcare provider who explains the test results e.g. Nurse, doctor etc. 

5 Pain and discomfort 
The level of pain and/or discomfort experienced during and after the test 

6 Notification of negative test results 
Whether you are contacted if your results are normal  

7 Chance of diagnosing another condition 
If symptoms are not caused by cancer, the chance the test can identify other reason for the symptoms 

8 Pre-test support 
Level of support received before having the test describing what will happen during the test and what the results might show 

9 Test procedure 
What having the test will involve. For ovarian cancer this could be a blood test or an transvaginal ultrasound (internal ultrasound of 
the reproductive organs)  

10 Staff attitude 
How the healthcare provider treats you while conducting the test 

11 Post-test support 
Level of support received after getting the results of the test relating to the meaning of your results and what will happen next 

12 Time away from usual activities 
The total amount of time spent having the test instead of doing your usual daily activities 

13 Test specificity 
Chance of unnecessary further invasive testing  

14 Travel time 
The total amount of time spent travelling to and from the test  

15 Time to notification of results 
The length of time it takes to hear the results after having the test 

16 Openness of healthcare providers 
How open healthcare providers are with their thoughts about the cause of your symptoms and the tests they recommend 

17 Number of follow up tests 
How many additional tests are needed to confirm a diagnosis 

18 Chance of an inconclusive result 
The chance the results are unclear and the test would need to be repeated after a waiting period 

19 Out of pocket costs 
How much it will personally cost a person to have the test e.g. Travel costs, childcare costs, time off work etc. The cost of the test 
is covered by the NHS 

20 
Gender of healthcare provider 
Gender of the staff member giving you the test 

21 
How test results are returned  
e.g. in person, phone, letter 

22 
Test location 
Where the test takes place 

23 
Test duration 
The length of time spent having the test 

24 
Information included with the invitation 
The level and type of information received about the test  

25 
Waiting time for the test 
How long a person has to wait to have the test after being referred by their GP 
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5.5.1.2 Questionnaire development 
 

 

The questionnaire was developed and collected using LimeSurvey. A full version of 

the questionnaire is provided in Appendix 5.2. The survey consisted of four stages:  

 

i. Sociodemographic questions (e.g. age, ethnicity, education, employment 

status) 

ii. Best-worst questions (including a warm-up task)- Respondents completed 

32 choice tasks; a warm up task, thirty choice tasks from the experimental 

design plus an additional attention check.  

iii. Follow up questions relating to the best-worst questions (e.g. task difficulty, 

the importance of included attributes and if there were any additional 

attributes, they considered important) 

iv. Background questions relating to health history and behaviours (e.g. 

behaviours such as smoking, conditions such as endometriosis etc.), health 

and testing history, risk attitude  

Figure 5.4: Example of a choice task from the BWS study 
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Question framing and answer categories were copied directly or adapted from 

established national surveys such as the census where possible. Early piloting with a 

subset of women (n=5) suggested the survey would take 30 minutes to complete. 

Given the length of the survey and the online administration method, three attention 

checks were embedded into the survey to ensure adequate attention throughout the 

survey. Attention checks were designed following the instructional manipulation format 

and were designed in line with LimeSurvey ‘fair attention check’ guidelines (e.g. 

“Select ‘very important’ to indicate you are paying attention”) (Hauser & Schwarz, 

2015). Respondents who failed all three attention checks were removed from the 

analysis.  

 

5.5.1.3 Participants 
 

The target sample size was 150 women and was estimated alongside the 

experimental design generation in SAS. Participants were recruited via an online 

platform explicitly targeting researchers conducting social and economic science 

experiments (Prolific). Prolific offers higher transparency in terms of subject pool and 

screening compared to other online platforms; results have been shown to be of 

comparable or better quality than university research lists and has been used widely 

in within hundreds of published studies across disciplines (Palan & Schitter, 2018; 

Peer et al., 2017). Participation was limited to women over the age of forty years (no 

upper limit) living in England or Wales, no other limitations were applied. Electronic 

consent was obtained at the outset of the survey and participants received a payment 

of £3.50 (£7 per hour) for their time.  

 

5.5.1.4 Analysis 
 

Online survey data was downloaded to SPSS Statistics 26. Analysis of data was 

conducted in R using the Support.BWS (Aizaki, 2014) and mlogit (Croissant, 2012) 

packages.  

 

Importance scores for each attribute were calculated using the counting approach; 

whereby the number of times an item was picked as ‘most important’ is subtracted 

from the number of times it was chosen as ‘least important’. Each item appeared 6 

times across all choice tasks, meaning best-worst scores could range from -6 to +6 at 
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the individual level. Individual scores were aggregated to calculate an overall mean 

score for the population. Scores were then standardised to a scale from -1 to +17.  

Confidence intervals for all estimates were defined as ±1.96 times the standard error 

(SE). 

 

Importance scores represent the relative importance of each item across the women 

in the sample. A score tending toward +1 indicates an attribute is highly influential to 

decision-making around testing whereas attributes with scores tending towards -1 

demonstrate less salience. This simplistic approach provides an easily calculable and 

interpretable results and scores have been demonstrated to lead to similar results as 

coefficients from logit models (Finn & Louviere, 1992; Flynn et al., 2007; Marley et al., 

2012). 

 

A multinomial logit (MNL) model was also estimated and results between the two 

approaches were compared for completeness.  

 
 

5.5.2 Results  
 

Survey responses were collected in March 2020. In total, 159 responses were 

collected; four submissions were incomplete, two were removed due to failing all 

attention checks and a further three responses were removed due to incorrect 

completion of the best-worst section of the survey (e.g. ignoring the ‘least important’ 

column across all choice tasks), resulting in 150 responses being included in the final 

analysis. The average response time for the questionnaire was 29 mins 51 seconds. 

Respondents varied substantially in how difficult they found the best-worst portion of 

the questionnaire with 42% (63/150) finding it easy or very easy but 38% (57/150) 

finding it difficult or very difficult.  

 

5.5.2.1 Individual characteristics 
 

 

Descriptive statistics of the sample are presented in Appendix 5.3. The age of 

respondents ranged from 40 to 87 years old with a mean age of 51.4 years (SD=9.1). 

 
7Scores were standardised using the following equation: best-worst score/(number of times item appeared x 
total sample size) 



 
 
 

138 
 

The majority of participants were white (120/150; 80%), married or in a relationship 

(97/150; 65%) and employed on a part-time or full-time basis (79/150; 52%).  

 

The majority of women perceived their risk of cancer as low or average (116/150; 77%) 

and anxiety relating to ovarian cancer was generally moderate-low amongst 

respondents (90/150; 60%). Forty (27%) women reported being previously tested for 

ovarian cancer, with CA125 blood test being the most common test. Overall, fifty 

women (33.4%) reported undergoing a TVUS for any reason. Twenty-five respondents 

reported knowing someone who had previously been diagnosed with ovarian cancer, 

seventeen of whom were immediate blood-relatives. 

 

Crucially, when asked, 127 out of 150 women (88.7%) stated they wished for a great 

deal/a lot of involvement in decisions relation to their own care but only 34/150 (22.7%) 

currently feel this was achieved, with 17/150 (11.3%) respondents reporting feeling 

currently unable to be involved in medical decisions at all.  

 

5.5.2.2 Best-worst results 
 

Counting results are presented in Figure 5.4, in which differences in relative 

importance are represented spatially by the distance between each circle. Scores 

were bound between -1 and 1. Scores tending toward the extremes of the scale imply 

homogeneity across respondents and consistency between responses across 

questions on an individual level. Importance scores ranged from -0.224 to 0.380, 

suggesting high levels of heterogeneity in preferences regarding test characteristics 

across respondents (Appendix 5.4).  

 

Overall, “Chance of dying from ovarian cancer” (0.380, 95% CI [0.26–0.49]) was the 

most important attribute to women when considering ovarian cancer testing, followed 

by “Test sensitivity” (0.308, C I[0.21–0.40]). Conversely, “Time away from usual 

activities” (-0.244, 95% CI[-0.33–(-0.15)]) and “Gender of healthcare provider” (-0.243, 

95% CI[-0.35–(-0.14)]) were considered least important to women when facing 

diagnostic testing and were statistically indistinguishable from each other. The most 

important attributes to respondents were clear and distinct: however, spatial 
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visualisation of results (Figure 5.5) demonstrated clustering towards the centre and 

bottom of the scale. Clusters are distinct to other attributes but preferences between 

attributes within clusters is less distinguishable.  

 

MNL results are shown in Appendix 5.5. The order of importance remained consistent 

across the two analysis methods and the estimates were highly correlated; (Appendix 

5.6) therefore subsequent subgroup analyses utilised the counting methods to 

facilitate ease of interpretation.  

 

 

5.5.2.3 Self-reported importance of attributes  
 

Following the BWS exercise, respondents were asked to indicate any attributes that 

they would always consider important if faced with a decision between competing tests 

for ovarian cancer and which factors, if any, they would never consider important. 

Figure 5.6, shows the responses for each attribute. Results generally mirrored “most” 

and “least” scores from the BWS section of the survey. “Chance of dying from ovarian 

cancer” was considered to be always important by 80.6% (121/150) of respondents, 

with just one individual responding with “never important”. Except for “time away from 

usual activities”, at least 50% of respondents found all attributes important to some 

degree, demonstrating the relative nature of BWS results. 
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Sensitivity 
0.31 [0.21–0.40]

Chance of dying from ovarian cancer 
0.38 [0.26–0.49]

Choice of appointment time
-0.22 [-0.29–(-0.15)]

Who explains the results
-0.17 [-0.26–(-0.09)]

Pain and discomfort
0.17 [0.10–0.24]

Notification of negative test results
0.04 [-0.02–0.09]

Chance of diagnosing another condition
0.20 [0.13–0.27]

Pre-test support
-0.04 [-0.09–0.01]

Test-procedure
0.06 [0.00–0.11]

Staff attitude
-0.01 [-0.06–0.05]

Post-test support
0.02 [-0.02–0.07]

Time away from usual activities
-0.24 [-0.33–(-0.15)]

Specificity
0.13 [0.06–0.19]

Travel time
-0.21 [-0.28–(-0.14)]

Time to notification of test results
0.09 [0.03–0.15]

Openness of healthcare providers
0.04 [-0.01–0.09]

Number of follow up tests
0.03 [0.00–0.07]

Chance of an inconclusive result
0.11 [0.06–0.16]

Out-of-pocket costs
-0.08 [-0.16–(-0.01)]

Gender of healthcare provider
-0.24 [-0.35–(-0.14)]

How test results are returned
-0.21 [-0.27–(-0.14)]

Test location
-0.15 [-0.22–(-0.07)]

Test duration
-0.07 [-0.12–(-0.02)]

Information included with the invitation
-0.05 [-0.10–0.01]

Waiting time for the test
0.11 [0.05–0.17]

Figure 5.5: Best-worst scaling results. The distance between attributes is a spatial representation of 
the difference in relative importance between attributes on the latent importance scale. 

       Attribute classification: 
● Service delivery              

   ● Test performance 
         ● Outcome 
           ● Cost 
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5.5.2.4 Additional attributes 

 

As part of the questionnaire, women were given the opportunity to suggest additional 

factors which they would consider important if they were experiencing symptoms and 

making decisions in real life. Answers were collected in a free-text format. Responses 

were content analysed within Microsoft Excel and similar responses were grouped 

together. Results are shown in Figure 5.7; 38% of respondents indicated that the 

twenty-five attributes we included were sufficient for decision-making. Remaining 

respondents suggested additional attributes covering thirteen categories.  
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Figure 5.6: Number of respondents that indicated each attribute was "always important" or "never important" to 
them when considering ovarian cancer testing 
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Interestingly, responses relating to accuracy were most common, despite the inclusion 

and high importance of, both test sensitivity and specificity. Responses used a number 

of terms reflective of accuracy including “reliable”, “safest”, “best” or “false-positive” 

results.  

 

Almost all of the remaining suggestions had been previously identified and excluded 

during the development of the survey due to lack of lack of relevance to tests available 

for diagnosing ovarian cancer (e.g. preparation, recovery time, side effects). On the 

other hand, the exclusion of items such as “doctor’s recommendation” and “test 

reputation” were more discretionary, based on researcher assumptions and 

highlighted a need to verify this decision through qualitative investigation.  

 

Finally, there were several additional attributes that had not previously been identified 

within the literature, including the reputation of the HCP or facility performing the test 

and the experiences of previously tested women.  
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Figure 5.7: Additional attributes identified from the free text question inviting respondents to add any 
additional attributes they consider important 
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5.5.3 Discussion of BWS results 
 

The results of the BWS study highlight the importance and current neglect of 

incorporating the preferences of patients into medical decisions, particularly those 

around medical testing. When asked, almost 90% (134/150) of the women in this study 

stated they wished to be heavily involved in medical decision-making, however, at 

present less than a quarter of women felt they are able to do so. Best-worst scaling 

provides a straightforward method for capturing the priorities of women that is 

preferable to ranking/rating tasks due to its ability to measure the relative importance 

of a large number of attributes whilst also limiting complexity and cognitive burden for 

respondents by requiring the comparison of just five attributes at a time.   

 

BWS results were particularly useful in identifying attributes at either extreme of the 

scale, clearly demonstrating several attributes that were most important and least 

important to women when considering testing for ovarian cancer. Overall, “chance of 

dying from ovarian cancer”, “sensitivity” and “chance of diagnosing another condition” 

were the most important attributes across all estimation methods and subgroup 

analyses. Oppositely, “time away from usual activities” was always scored as the least 

important factor, with “choice of appointment time” and “who explains the results” also 

consistently featuring amongst the lowest scoring attributes. Perhaps due to the low 

concurrence between attributes and high levels of heterogeneity, discrimination 

between mid-range attributes was less clear.  

 

The prioritisation of outcome and test-specific attributes and the relative lack of 

importance placed on service delivery attributes mirrors findings from the wider 

literature examining preferences towards cancer screening and diagnosis (De Bekker-

Grob et al., 2013c; Howard et al., 2011; Mansfield et al., 2018; Miles et al., 2019), 

previously highlighted within (Hall et al., 2021).  

 

5.5.3.1 Limitations 
 

Differences between tested and untested women also serve to highlight the limitations 

of the object case (case 1) BWS approach. Using the object case approach meant 

respondents were given limited context about the potential range (levels) of attributes. 
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Feedback during the piloting stage revealed respondents tended to make assumptions 

about likely levels during choice tasks, particularly for more familiar concepts such as 

“travel time”. This may be problematic in cases where there are significant gaps 

between the predicted levels and reality, for example testing-naive women may have 

anticipated higher levels of pain and discomfort during tests than actually experienced 

by the majority of women. Perhaps for this reason, case 2 (“profile case”) BWS, which 

includes levels, have been predominately used in health research to date (Cheung et 

al., 2016). However, the inclusion of levels increases the cognitive burden for 

respondents and was not deemed appropriate or necessary due to the large number 

of attributes and choice tasks within this study and given the ultimate aim was 

prioritisation.  

 

The length of the survey and the high number of attributes considered throughout the 

survey are another potential limitation of this study and reflected by the high proportion 

of respondents that reported the task as difficult or very difficult. However, drop-out 

rates were low (3%; 4/150). Additionally, there were no statistical differences between 

responses according to reported task difficulty.  

 

Despite these shortcomings, BWS provides a straightforward method for capturing the 

priorities of women. The method remained preferable to ranking/rating tasks for the 

purpose of this chapter due to the ability to measure the relative importance of a large 

number of attributes whilst also limiting complexity and cognitive burden for 

respondents.   
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5.6 Online workshops and questionnaire with women over 40 
 

5.6.1 Methods 
 

BWS findings were supported by qualitative engagement with the target audience 

through online workshops and a supplementary follow up questionnaire. Workshops 

were broader in topic—asking women to identify and discuss features of medical 

testing that were most important to them. This was an introduction to thinking about 

this issue, since women would have different knowledge and experience of ovarian 

cancer and testing for ovarian cancer. This approach was adopted to avoid 

overwhelming participants particularly due to the time constraints and online format of 

sessions. Findings from the workshops were then used to generate a follow up 

questionnaire which asked participants to reconsider their priorities specifically in 

relation to ovarian cancer testing. 

 

 

Summary of findings from the BWS prioritisation exercise: 

BWS scores demonstrate the importance or unimportance of an attribute, relative 

to the other attributes within the study and do not necessarily signal absolute 

importance. An issue that highlights the importance of combining BWS findings 

with other methods to ensure a rigorous selection process to avoid excluding any 

potentially important attributes. Uncertainty around the importance of mid-scale 

items combined with heterogeneity across respondents means BWS results were 

used for attribute exclusion rather than identification of attributes to include.  

 

Excluded attributes consisted of those with an importance score of less than zero. 

This meant the exclusion of 11 attributes, leaving fourteen for consideration during 

the subsequent stages. 

 

Findings also highlight potential misunderstanding/misinterpretation of some 

attributes, especially relating to test performance/accuracy 
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5.6.1.1 Workshops 
 

Three workshops, each with three participants were held in May and June 2020. 

Smaller groups were preferred to maximise collaboration and manage discussions 

during the sessions to give all participants the opportunity to contribute.  The 

workshops were designed to be as interactive as possible with researchers acting as 

facilitators rather than leaders of the sessions.  Workshops were facilitated using 

Conceptboard (conceptboard.com), an online platform that allows participants to 

collaborate by adding to and editing communal work pages, known as boards, in real-

time. Conceptboard was chosen because it has integrated video and audio calling, 

meaning participants would not have to load multiple programmes to take part in the 

workshop.  

 

Boards with background information and tasks were designed and piloted prior to the 

workshops (Appendix 5.8). Participants were sent the link to the board and instructions 

on how to access conference calls before the session. Participants were unfamiliar 

with Conceptboard prior to the session so the smaller groups also allowed participants 

to have more help whilst practising using the tools needed during each session. Online 

workshops are considered more demanding than in-person for many, therefore 

sessions were limited to a maximum of 1.5 hours.  

 

The workshops consisted of three main tasks: 

1. Women were asked to think about a time when they or someone close to them 

had been offered a medical test. They were then asked to identify up to five 

factors or features of the test they wanted or would have wanted to know about 

before deciding whether to accept the test.  The answers were added to the 

board as post-it notes so everyone could view them and each woman could 

explain their answers. 

 

2. The attributes from the best-worst study (n=14) were introduced to the women. 

The women discussed their understanding and agreement with the attribute 

wording and definitions. They then compared their responses from task 1 with 

the existing attributes and grouped similar responses together.  
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3. Voting- women were shown a board with all the unique attributes discussed 

throughout the workshop (BWS plus additional attributes identified by the 

women). Each woman was assigned 5 colour-coded icons and asked to place 

these on the five attributes they felt were most important overall. Women were 

then shown the five attributes that were most important during the BWS and 

discussed this. Finally, women were asked if there were any attributes they 

thought were unimportant to them or any additional attributes they still felt were 

missing.  

 

Recruitment 

 

Women were invited to take part via social media (Facebook) and word-of-mouth 

through personal contacts. Interested individuals were contacted to discuss the project 

and were sent a plain language summary of the study before confirming participation. 

 

5.6.1.2 Follow up questionnaire 
 

All workshop participants were invited to complete a questionnaire on the importance 

and acceptability of remaining attributes. The purpose of the questionnaire was to 

consolidate the findings from the workshops in the context of ovarian cancer testing. 

Attributes were revised based on workshop findings and preliminary levels were 

assigned based on available literature relating to ovarian cancer testing and insights 

and expertise of the PhD team. These levels would be formalised following attribute 

finalisation.   

 

Questionnaire description 

An invitation to complete the online questionnaire was sent via email. Participants 

were now familiar with the themes of study allowing more detail and contextual 

information to be introduced to ensure responses were of maximum relevance to 

ovarian cancer testing. Information about ovarian cancer and tests available were 

provided in an interactive presentation hosted on Prezi and embedded in to the survey 

(https://prezi.com/p/6llukfnhqmgv/?present=1) .  

 

https://prezi.com/p/6llukfnhqmgv/?present=1
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Respondents were introduced to the revised attributes and newly assigned levels 

and asked to complete two rating tasks:   

 

1. The importance of each attribute on a 5-point Likert scale (Not at all 

important—Very important) 

2. The acceptability of each of the levels assigned to each attribute on a 5-point 

Likert scale (Highly unacceptable—Highly acceptable). 

This two-dimensional approach allowed the attributes of most relevance to be 

identified. For instance, an attribute may be considered highly important but if all levels 

were acceptable this attribute may be considered less relevant for inclusion. A copy of 

the questionnaire is provided in Appendix 5.9. 

 

5.6.2 Results  
 

A visual summary of the results from all three workshops is shown in Figure 5.8. Full 

results can be found in Appendix 5.10.  

 

5.6.2.1 Understanding of existing attributes 
 

Most attributes were well understood by participants, although as expected, some 

difficulties understanding and interpreting attributes relating to accuracy were 

expressed across all three workshops.  

 

During the first workshop, women struggled to distinguish between test reputation, 

sensitivity and specificity attributes. Terms like “false positive” were viewed as “too 

medical”, instead participants chose to focus on “test reputation and evidence” which 

was interpreted as a combination of how established the test was (i.e. how long it had 

been used for) and accuracy (i.e. receiving a correct result). Subsequent groups were 

more familiar with these terms and even had direct experience of such results; 

however, incorrect results were viewed more as mistakes that needed to be reported 

and corrected by test manufacturers rather than an inherent risk associated with 

medical tests. 

 

These findings highlighted the need to re-work and simplify the definitions for 

sensitivity and specificity attributes. To provide more clarity, “test reputation or 
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evidence” was reworded into two attributes with wording based on the literature 

reviews and workshop discussions: “Length of use” and “Acceptability of the test to 

GPs”. 

 

5.6.2.2 New attributes 
 

Seventeen additional attributes were introduced across the three workshops. Many of 

the newly introduced attributes had been previously ruled out during the BWS or 

internal reduction stage (e.g. preparation, procedure, side effects, test duration, test 

location).  

 

New attributes and discussions throughout the workshops heavily focused on 

communication and information-sharing throughout the testing process (e.g. 

information about the possible outcomes, information provided before the test, reason 

for the test, and alternative options to the test). Women also discussed issues about 

feeling dismissed or unheard by doctors (e.g. knowing their own bodies/symptoms and 

the need to self-advocate). These themes were reflective of the importance placed on 

communication within the existing qualitative literature (Fitch et al., 2002). In response, 

these issues were combined with the “openness of healthcare providers” attribute to 

create a new attribute; “communication skills of HCPs”.  

 

Access to treatment was also a common new theme (e.g. “quick treatment if needed”, 

“access to right specialists”, “future options”); although important issues they were 

deemed beyond the scope of the research question which specifically focuses on 

diagnostic testing.  

 

5.6.2.3 Most important attributes 
 

In all workshops, participants stated that they found all the attributes important and 

could not pick any to eliminate. Despite the large number of “new” attributes, when 

selecting the five most important attributes, 82% of votes were assigned to the existing 

attributes identified during the earlier stages of attribute development. There was 

substantial variation in the most important attributes, mid-range attributes during the 

BWS were frequently identified as among the most important (e.g. post-test support, 



 
 
 

150 
 

waiting time, inconclusive results) and every pre-existing attribute was chosen as 

important by at least one participant across the three workshops.  

 

All attributes that received at least one vote for “most important” during the workshop 

were maintained at this stage provided they had not been excluded based on 

relevance earlier in the selection process. This meant sixteen potential attributes 

remained and further refinement was needed. 
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 Figure 5.8: Visual summary of results from the three workshops 
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5.6.2.4 Follow up questionnaire 
 

Seven of the nine women from the workshops responded to the questionnaire and 

completed all questions. Results are summarised graphically in Figure 5.9. The 

attributes are listed in order of importance from left to right, meaning “communication 

skills of HCPs” was considered most important and “length of use” was least important 

to respondents.  

 

Higher levels of attribute importance were typically accompanied by larger ranges of 

acceptability between the highest and lowest levels, as demonstrated by 

“communication skills of HCPs”, “waiting time for the test” and “improvement to life 

expectancy”. Oppositely, attributes which were rated less important typically 

experienced little variation in the acceptability of attribute levels (e.g. “is a follow up 

test needed”, “what does the test entail?” and “pain and discomfort”) demonstrating 

evidence of greater apathy towards changes in these attributes. 

 

 

5.6.3 Discussion and reflection of workshops and questionnaire with target 

audience 
 

The workshops provided invaluable insights into the importance and understanding of 

potential attributes. There were disparities between findings from the BWS and 

workshops. Most noticeable was the importance relating to communication with HCPs. 

These differences highlighting the importance of engaging with the target population 

during attribute selection and the use of a multi-method approach.  

 

Workshops were initially intended to be in person but were moved online in light of the 

COVID-19 pandemic. The use of smaller groups and interactive task-led worked well 

for the online setting by allowing everyone to share their views whilst limiting the length 

of the sessions as recommended when using virtual methods (Rupert et al., 2017). 

However, there were also some challenges. Feedback from participants was largely 

positive; but there were some technical difficulties within each session, mainly when 

joining the session and during familiarisation tasks. Overall, the main limitation of the 

online setting was decreased scope for discussion and debate between participants, 

introducing the need for a follow up questionnaire to consolidate findings.
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Figure 5.9: Summary of results from the workshops follow up questionnaire 
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5.7 Consolidating evidence—attribute finalisation 
 

5.7.1 Methods 
 

Final attribute selection was determined through discussion amongst the research 

team. Evidence from all previous stages was consolidated and considered alongside 

any additional emerging evidence published since attribute development stage began.  

Selection was based on specific criteria meaning the top attributes from each stage 

were not automatically included.  

 

To be included attributes must: 

i. Be anticipated to be highly important to the target audience (BWS and PPI 

evidence) 

ii. Be clearly explained and understood by the target audience (BWS and PPI 

evidence) 

iii. Be able to be assigned realistic levels that differ distinctly across available test 

modalities and/or healthcare settings 

iv. Be modifiable or implementable within the current healthcare system if found 

to be important (Existing literature) 

Summary of findings from the online workshops and questionnaire for 

attribute selection: 

- Workshops helped to gauge understanding of existing attributes and identify 

and additional attributes. 

- All 14 attributes remaining from the BWS were voted most important during 

the workshops meaning further exclusions could not be made 

- Two further attributes were added meaning 16 were considered during the 

follow up questionnaire where attributes were ranked in terms of importance 

and acceptance 

- The follow up questionnaire introduced potential attribute levels to the target 

audience for the first time 

- No exclusions were made based on workshop findings alone 
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Following guidance and previous studies, the target number of attributes was limited 

to between 4-6 to control the cognitive burden of the final DCE.  

 

5.7.2 Results 
 

Four attributes were selected for inclusion:  

i. Test sensitivity 

ii. Identifiable conditions 

iii. Time to completion of testing (combined two previous attributes: waiting 

time for test and waiting time for results) 

iv. Communication skills of HCPs 

Descriptions of these attributes can be found in Table 5.2. Reasons for the exclusion 

of other attributes considered during this phase are shown in Appendix 5.11. The 

primary reason was due to evidence of low importance relative to the final attributes. 

Notably, two seemingly important attributes “Improvement in life expectancy” and 

“specificity” were excluded. This was based on newly published evidence that 

demonstrated these attributes were unlikely to vary substantially between available 

ovarian cancer tests when used in a diagnostic context for symptomatic patients 

(inclusion had previously been based on best available evidence which considered the 

screening setting) (Funston et al., 2020a).  

 

 

5.8 Level assignment 
 

5.8.1 Methods  
 

The levels of attributes were reviewed upon final selection of attributes to incorporate 

best-available evidence from patient information forms, policies and latest peer-

reviewed published evidence. 

 

5.8.2 Results 
 

Levels assigned to each attribute are shown Table 5.2. Attributes were selected based 

on a combination of available literature surrounding tests for ovarian cancer and the 

expertise of the PhD supervision team.   
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Sensitivity: Existing evidence on the sensitivity of CA125 and TVUS in primary care 

were limited at the time level selection took place. Levels were adapted from a study 

estimating the rate of false negative results of CA125 blood tests in primary care 

(Funston et al., 2020a). Funston et al. (2020a) analysed routinely collected data from 

50,780 women who had undergone CA125 testing, results indicated a sensitivity rate 

of 77% (95% CI: 73-81%). However, results also indicated sensitivity was age 

dependent, with younger patients (<50 years) subject to a lower sensitivity rate of 63% 

(95% CI: 51-73%) . It was assumed TVUS would achieve more sensitive results, so 

coverage of levels was extended to accommodate this assumption (Doubeni et al., 

2016). The implications of this assumption are explored in Chapter 7. 

 

Identifiable conditions: Compared to CA125 testing, TVUS benefits from the ability to 

identify other conditions which may the underlying cause of symptoms given the low 

prevalence of ovarian cancer (e.g. ovarian cysts or fibroids) (Farghaly, 2014; Guerriero 

et al., 1997; Levens et al., 2009). Recent studies have demonstrated raised CA125 

levels may also be an indication of range of other conditions, many of which are 

unrelated to symptoms of ovarian cancer (e.g. non-ovarian cancers, liver cirrhosis, 

lung disease) (Funston et al., 2020a; Tahmasebi et al., 2018). However, given the 

non-specific nature of CA125 testing, identification of alternative conditions requires 

additional testing. Incidental findings from arising from tests vary in terms of 

consequences and the benefits and harms to patients, therefore it was considered 

important to consider public preferences for tests where such results may arise (Ells 

& Thombs, 2014; Luu et al., 2021; Smith-Bindman, 2018). 

 

Time to completion of testing focused on the time to completion of primary care testing 

where cancer could either be ruled out or when a patient enters secondary care for 

confirmatory testing. Levels aimed to covered waiting times for a range of test 

strategies: CA125 only, ultrasound only and CA125 plus ultrasound (sequentially or 

concurrently). Levels were selected based on NHS target waiting times and actual 

waiting times (pre-pandemic) (NHS England, 2018). Waiting times for CA125-based 

testing were assumed to be 2 weeks since this is a routinely performed blood test 

(NHS 2022).  
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Communication of skills of HCPs was assigned qualitative levels. Level descriptions 

were kept general given the diversity of what was considered “good” or “bad” 

communication highlighted during the qualitative stages of attribute development.  

 

Levels were further refined following piloting, as described in Chapter 6. 

 

 Table 5.2: Summary of the final selection of attributes and levels 

 

 
 
 

Attribute Wording Levels Ranking 

BWS PPI 

Sensitivity If 100 people with ovarian 
cancer had this test, the test 
would:  

L1: correctly identify 65 with 
cancer but miss 35 cases 
L2: correctly identify 75 people 
with cancer but miss 25 cases 
L3: correctly identify 85 people 
with cancer but miss 15 cases 
L4: correctly identify 95 people 
with cancer but miss 5 cases 

2 2 

Identifiable 
conditions 

What conditions can the 
test identify? 
Definition: Most women will 
not have ovarian cancer but 
the test may be able to 
identify other conditions. 
Some conditions may be the 
cause of the symptoms but 
other conditions might be 
completely unrelated (not 
caused by the symptoms that 
you went to the GP about) 

L1: ovarian cancer only 
L2: ovarian cancer plus 
alternative conditions related 
to your symptoms (e.g. ovarian 
cysts) 
L3: Ovarian cancer plus 
unrelated conditions 
 

3 7 

Time to 
completion of 
testing 

Time to completion of 
testing 
Definition: The time from the 
test being ordered to 
receiving the results. Includes 
the time spent waiting for the 
test and time waiting for the 
results 

L1: 2 weeks 
L2: 5 weeks 
L3: 8 weeks 
 

6 (test), 

8 (results) 
3 (test), 

8 (results) 

Communication 
of HCPs 

Communication skills of 
the healthcare providers 
Definition: Ability of staff to 
listen and explain things 
clearly throughout the testing 
process 

L1: Good 
L2: Fair 
L3: Poor 

10 1 
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5.9 Chapter summary 
 

The inclusion of attributes that accurately capture the most important and relevant 

aspects of the research question to the target population is fundamental to the quality 

and validity of findings. This chapter utilised a rigorous multi-method approach and 

placed increased emphasis on transparency of reporting. It is important to note results 

of this section were not final and were subject to change during the piloting stage prior 

to final data collection. 

 

Attribute identification through the analysis of attributes used in previous DCEs 

highlighted the volume and diversity of attributes relating to cancer testing.  

 

Small group workshops allowed in-depth exploration of issues most important to the 

target population. A key finding highlighted across all three workshops but less 

apparent in other stages of development, was the heavy emphasis placed on the 

doctor-patient relationship and the importance of communication. Workshops were 

also crucial for refining the wording and definitions used to describe attributes. Overall, 

the addition of this qualitative stage helped to gain a deeper understanding of the 

complexities around medical testing and the scale of attributes that patients consider 

important. However, findings were somewhat at odds with the ultimate goal of reducing 

attributes into a manageable number for a choice experiment. Coast and Horrocks 

(2007) have previously highlighted similar findings describing the tension between the 

typical purpose of qualitative work (i.e. obtaining a deep understanding of phenomena) 

and DCEs which reduce phenomena to a limited number of key concepts. In this 

instance the challenge was exacerbated by the online format of the workshops which 

limited discussion and debate during the sessions.  

 

Quantitative elements of attribute development, primarily the BWS study but also the 

follow up questionnaire with workshop participates provided a more a pragmatic 

approach to reduce attributes whilst still ensuring attributes remain relevant to the 

target population. Best-worst scaling had the added benefit of allowing input from a 

larger sample of the target population increasing the representativeness and 

generalisability of findings. Comparisons of BWS and DCE findings reveal similar 

patterns in preferences between the two methods further increasing the motivation for 
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utilising best-worst scaling during attribute selection (Potoglou et al., 2011). However, 

BWS scores imply the importance or unimportance of an item, relative to the other 

items within the study and do not necessarily signal absolute importance or relevance 

overall. This shortcoming highlights the importance of combining with other methods 

to ensure a rigorous selection process- through literature and qualitative work to avoid 

missing important attributes. 

 

Overall, each phase of attribute development extended the cumulative evidence with 

complementary but also contrasting viewpoints. To date, guidance on attribute 

development has strongly emphasised the importance and authority of qualitative work 

during the development of attributes (Bridges et al., 2011; Coast et al., 2012; Lancsar 

& Louviere, 2008). However, the results of this chapter demonstrate that reliance on 

a single method during attribute selection may lead to inconclusive or suboptimal 

evidence on the which attributes to include. Instead, this chapter demonstrates the 

value of a multi-method approach and in particular alternative approaches such as 

prioritisation surveys.   

 

Combining contrasting evidence from multiple sources was a key challenge 

throughout attribute development. Despite the increasing number of published 

frameworks for attribute selection, advice on reconciling contrasting viewpoints and 

final selection of attributes from a shortlist remains limited. This crucial step was the 

most subjective component of the selection process, relying on discussion amongst 

the research team. In this instance, specific criteria were outlined during this phase to 

provide a systematic and transparent approach and limit the subjectivity of 

judgements. However, the reconciliation of competing evidence appears to an area of 

future research within attribute development.  
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6 Preferences towards diagnostic testing: Development 

and testing of stated choice survey 
 

6.1 Introduction 
 

The previous chapter described the attribute development process for a DCE 

investigating preferences towards investigative testing for ovarian cancer in primary 

care. This chapter builds on these results by describing the accompanying stages 

necessary to develop a DCE study. DCE development is a multi-stage procedure 

requiring the use of multiple techniques. The chapter draws on best practice guidance 

to ensure a rigorous approach and there is an emphasis on transparent reporting to 

allow the quality of the study design to be fully assessed by readers. 

 

The remainder of the chapter describes the stages of development, including refining 

the research question and choice context, generation of an appropriate experimental 

design using specialist software, survey design and programming. The later stages of 

the chapter focus on the pilot study used to refine the survey instrument prior to final 

data selection. A two-stage iterative approach was utilised combining qualitative and 

quantitative methods. Analysis of pilot responses resulted in several changes to the 

study and survey instruments. The chapter ends by providing an overview of the final 

research questions, experimental design and survey instrument.  

 

6.2 Aims 
 

The aim of this chapter is to describe the design and pilot testing of an online survey 

with an integrated DCE study aiming to measure women’s preferences towards 

diagnostic testing for ovarian cancer.  

 

The objectives were: 

• To develop a discrete choice experiment instrument using leading guidance 

(Bridges et al., 2011; Lancsar & Louviere, 2008)  

• To develop an online questionnaire to collect demographic data to enable 

subgroup analyses of DCE data allowing relationships between respondent 

characteristics and choice behaviour in the final study 
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• To test the feasibility and acceptability of the online DCE survey instrument to 

the target population through pilot testing 

• To refine and finalise the survey instrument through an iterative process based 

on piloting feedback  

 

6.3 DCE Development 
 

The preference elicitation tool was developed and tested using a multi-method 

approach. The development process is summarised in Figure 6.1 and followed good 

research practice guidance (Bridges et al., 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1: Summary of the discrete choice development process. Figure adapted from Bridges et al. (2011) 
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6.3.1 Stage 1: Defining the research question 

 

The primary research aim was to understand preferences towards tests used to 

investigate possible ovarian cancer in primary care settings. The purpose was to 

understand how members of the public make trade-offs between attributes of tests. 

For example, how much longer are people prepared to wait for a test that provides 

increased accuracy?  

 

Best-worst scaling results in the previous chapter highlighted the importance of the 

attribute ‘risk of cancer’ when making testing decisions. In response, a secondary aim 

was to understand how preferences vary as the risk of ovarian cancer increases. 

Banks et al. (2014) previously demonstrated willingness to undergo investigative 

testing was high even when the risk of cancer was low, using a vignette study. This 

thesis aims to extend this finding by exploring how preferences for the type of test vary 

based on the underlying risk of cancer. For example, it is hypothesised those with a 

lower risk of cancer would place greater importance on a test that can identify other 

conditions, since it is less likely their symptoms are caused by cancer. Addressing this 

question provides useful insights into delivery of care for low risk but not no risk 

patients, who are common within primary care.  

 

6.3.2 Stage 2: Attribute development 
 

Four attributes were selected for inclusion in the DCE. Attribute descriptions and 

associated levels for the pilot version of the study are shown in Table 6.1 (full details 

on attribute development can be found in Chapter 5). The combination of included 

attributes allows many questions relating to ovarian cancer to be explored. For 

example, the use of quick, less accurate triage testing vs longer waiting time for a 

more accurate test. Or non-specific testing versus a test capable of identifying multiple 

conditions. 

 

The use of generic attributes allows uncertainties relating to aspects of testing 

(particularly test performance) to be accommodated. While the incorporation of 

existing evidence when specifying levels means scenario analysis can be used to 
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explore changes in demand based on test profiles with differing test performance 

assumptions. 

 

Table 6.1: Attributes and levels used in the pilot study 

 

 

6.3.3 Stage 3: DCE composition 

 

6.3.3.1 Construction of tasks 
 

Choice tasks should aim to create a decision context that closely simulates the real-

life choices faced by respondents. Currently, patient-led diagnostic testing decisions 

are limited: therefore within this study, task construction aimed to balance respondent 

burden with realism should greater patient input be an option in the future (e.g. feasible 

testing options). Numerous factors should be considered during the construction of 

choice tasks; the use of full or partial profiles, an assessment of the appropriate 

number of alternatives per task, and the inclusion of opt-out, status-quo and 

indifference options. 

 

Attribute Wording Levels 

Sensitivity If 100 people with ovarian cancer had this test, the 
test would:  

L1: correctly identify 65 with 
cancer but miss 35 cases 
L2: correctly identify 75 people 
with cancer but miss 25 cases 
L3: correctly identify 85 people 
with cancer but miss 15 cases 
L4: correctly identify 95 people 
with cancer but miss 5 cases 

Identifiable 
conditions 

Identifiable conditions 
Definition: Most women will not have ovarian cancer 
but the test may be able to identify other conditions. 
Some conditions may be the cause of the 
symptoms but other conditions might be completely 
unrelated (not caused by the symptoms that you 
went to the GP about) 

L1: ovarian cancer only 
L2: ovarian cancer plus 
alternative conditions related to 
your symptoms (e.g. ovarian 
cysts) 
L3: Ovarian cancer plus unrelated 
conditions 
 

Time to 
completion of 
testing 

Time to completion of testing 
Definition: The time from the test being ordered to 
receiving the results. Includes the time spent 
waiting for the test and time waiting for the results 

L1: 2 weeks 
L2: 5 weeks 
L3: 8 weeks 
 

Communication  Communication skills of the healthcare 
providers 
Definition: Ability of staff to listen and explain things 
clearly throughout the testing process 

L1: Good 
L2: Fair 
L3: Poor 
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Full or partial profiles: Within each choice set, alternatives may be presented with 

all attributes or with only a sub-set of the attributes (partial profile). The use of full-

profiles is generally considered best practice (Bridges et al., 2011) provided the 

complexity of profiles is manageable to respondents. It was anticipated that limiting 

the number of attributes to four would control for complexity; therefore, a full profile 

format including all attributes in each choice task was selected and tested during the 

piloting stage. 

 

Number of test alternatives: Choice tasks involved the comparison of two unlabelled 

test alternatives: ‘Test A’ and ‘Test B’. A paired format was selected on the basis of 

limiting complexity and current practice in healthcare research (Soekhai et al., 2019). 

Furthermore, given the choice context, the inclusion of additional choices would not 

reflect current clinical practice and may be counterintuitive or overwhelming to 

respondents.  

 

Opt-out alternative: As with any healthcare intervention the final decision to undergo 

diagnostic testing is at the discretion of patients. Previous research suggests that 

willingness to be tested for cancer is high (Banks et al., 2014), however, in certain 

instances, available tests may be deemed too burdensome or poor quality to 

respondents and some patients may wish to avoid testing altogether (e.g. due to age 

or pre-existing conditions).  Ultimately, given the voluntary nature of testing it was 

considered necessary to include a “neither test” alternative to reflect the clinical 

context of the experiment. The wording used to describe the alternative throughout the 

survey was: “Neither: I would not have either test”. No information on attribute levels 

for the opt-out alternative were provided. Inclusion of a “neither” option also helps to 

understand demand for testing under different conditions such as alternative 

modalities or symptom severity (Campbell & Erdem, 2019).  

 

Indifference alternative: Efficient experimental aim to maximise the information that 

can be gained from each choice tasks by pairing alternatives with similar levels of 

predicted utility (i.e. utility balance) (Huber & Zwerina, 1996). Inherently, utility balance 

also makes distinguishing between alternatives more difficult or sometimes 

impossible. Therefore, an additional alternative was included to allow respondents to 
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express indifference between alternatives. An indifference alternative avoids forcing 

respondents to arbitrarily chose between alternatives which they value equally 

reducing stochastic decision-making and therefore improving the quality of information 

that can be obtained from responses (Bahamonde-Birke et al., 2017).  

 

Alternative versions: To investigate how the underlying level of cancer risk affects 

preferences for testing, two alternative sets of DCE questions were created (V1: 3% 

cancer risk) and (V2: 1% cancer risk).  Both versions followed the same experimental 

design. The risk level was described in percentage and frequency format plus a 

description of symptoms that pertain to the selected risk. 

 

To provide additional context, respondents were asked to imagine they were 

experiencing a set of symptoms which corresponded to the level of cancer risk within 

each survey. Symptoms were identified from (Hamilton et al., 2009) based on positive 

predictive values. The symptoms were: 

 

• 1% risk of cancer: Persistent abdominal pain and a loss of appetite 

• 3% risk of cancer: Persistent bloating and a build-up of fluid or gas in the 

abdomen  

 

6.3.3.2 Experimental design 
 

The experimental design determines the combinations of attribute levels used to 

construct alternatives and assigns them to choice tasks. The goal when generating an 

experimental design is to create a set of choice tasks which maximise the statistical 

information which can be obtained from respondents and used to precisely estimate 

model parameters (Johnson et al., 2013).  

 

Based on findings from the systematic review in Chapter 4, a main-effects only design 

was considered appropriate, with previous authors finding no evidence of interaction 

effects between similar attributes in the context of cancer screening. 

 

A full factorial design would result in 21 x 31 x 42 = 96 choice tasks and 4560 paired 

combinations. This was considered too large; instead, a fractional factorial 
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experimental design was subsequently chosen.  A d-efficient experimental design was 

identified using Ngene 1.2 (Choice Metrics). This is a model-specific approach which 

optimises efficiency by minimising the uncertainty around parameter estimates (i.e. 

minimise the standard errors associated with each model parameter) (Rose & Bliemer, 

2009). Standard errors are estimated and minimised during the generation process 

based on the asymptotic variance-covariance matrix of the experiment combined with 

information about the probable parameter values (“priors”) (For further information, 

see (Rose & Bliemer, 2009).  For the purposes of piloting, an experimental design was 

selected assuming categorical attribute levels and using very small priors to indicate 

direction and allow dominated pairings to be avoided.  

 

 The optimal number of choice tasks was determined by normalising the d-error for the 

most efficient designs (after 10,000 evaluations) and detecting where the point of 

stabilisation. This approach was first suggested by Rose and Bliemer (2013) and 

utilises the normalisation formula:  

 

S(J-1) > K 

where S = choice tasks,  

J = alternatives 

K = number of parameters. 

 

 

A design with twelve tasks was chosen for the pilot since there no longer appeared to 

be an increase in information gained per additional choice task beyond this point 

(based on the most efficient design after 10,000 evaluations) (Figure 2). A design with 

12 tasks also allowed level balance to be achieved (i.e. each attribute level appears 

equally across the experiment). Evidence about the appropriate number of choice 

tasks per respondent is mixed. In health-based applications researchers typically opt 

for between 9-16, with a median of 12 (Soekhai et al., 2019). Based on previous 

studies, blocking was not considered necessary—an assumption that was later tested 

during piloting.  
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Following piloting, the experimental design was modified to a Bayesian efficient 

approach incorporating pilot estimates as priors to improve the statistical efficiency of 

the design and determine the final sample size (Bliemer et al., 2008). The suitability of 

each generated design was evaluated by examining post-generation output. Including 

level valance and level overlap. The correlation between parameters was checked to 

determine whether a main-effects design was appropriate or whether interaction 

effects should be accounted for within the final experimental design. An upper value 

on 0.70 was applied when examining correlation matrices (Bliemer et al., 2008). 

 
 
 
Figure 6.2: Normalised d-error of designs with different numbers of choice tasks 

 

 
 
 

6.3.4 Stage 4: Instrument design 
 

A multi-stage online survey was created and hosted on Limesurvey (limesurvey.org).  

An overview of the survey is shown in Figure 6.3.  
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Figure 6.3: Overview of the survey instrument containing the DCE used to elicit preferences 

 

 

Respondent questions 3: Health beliefs and behaviour

Additional questions to help further understand respondents and potential drivers of preferences. Questions included self-reported 
health, personality (BFI-10), risk attitude and decsision-making style during GP consultations

Respondent questions 2: Demographics

Series of sociodemographic questions including  age, education, relationship status, employment status, education. Questions 
were taken from validated/ governmental qustionnaires (e.g. census) where available. 

Qualifying questions

After each discrete choice task respondents were asked to qualify the level of certainty in their decision on a scale of 1 (very
uncertain) to 10 (very certain). Following completion of all tasks respondents were asked follow up questions about the DCE task

elicit difficulty of choices and non-attendance of attributes.

Discrete choice experiment

Participants completed 12 choice tasks. Each task consisted of 2 test alternatives, a "neither"alternative and 
"indifferent"alternative. Four additional choice tasks were included to assess the rationality of respondents choices. These 

rationality checks checked the monotonicity, transitivity and stability of choices.

Contextual information 3: Descritption of discrete choice experiment task

Participants were given instructions and introduced to the format of a DCE question. An introductory vignette was also provided 
describing the symptoms and associated risk of cancer participants were required to imagine experiencing whilst completing the 

discrete choice questions

Contextual infromation 2: Introduction to attributes

Attributes and levels uswere introduced and described to respondents. Wording and presentation was identical to those used 
within the choie tasks including visual aids used used for risk presentation. 

Respondent questions 1: knowledge and experience of ovarian cancer

Participants completed questions included to guage the level of prior knowledge and experience of ovarian cancer. Questions 
included test experience,  symptom awareness, perceived risk and anxiety around ovarian cancer.

Contextual information 1: ovarian cancer information

Background information about the purpose of the study and ovarian cancer were provided to contextualise the subsequent study.

Consent and screening

Information sheet and consent form are presented to repondents prior to the start of the survey. Participants were also asked if
they had ever undergone surgury to remove both ovaries to further screen for eligiblity
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6.3.4.1 Contextual information 
 

The level of information provided to respondents requires balance. Respondents 

should be given enough information to feel motivated and able to meaningfully 

complete the tasks. Whereas, too much information can cause information overload 

or lead to strategic responses (Bridges et al., 2011).  

 

The survey provided contextual information on ovarian cancer and the reasons for the 

study. Attributes and levels were introduced prior to the start of choice tasks. Attribute 

development indicated that the ideal communication style differs between people, 

therefore an additional open-text question was added to understand what participants 

considered 'good' communication in the context of healthcare. 

 

Respondents were provided with instructions on how to complete choice tasks, and a 

vignette explaining the hypothetical context respondents should consider when 

making their decisions prior to the start of the DCE tasks (Figure 6.4). The pilot study 

also began with a practice question consisting of a choice task with a dominant 

alternative, designed to introduce respondents to the style of question and to check 

for non-satiation (i.e. more is always preferable) (Figure 6.5).  

 

Figure 6.4: Introductory vignette presented to respondents before and during the DCE section of the 
survey to provide context for their decisions 
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Figure 6.5: Dominant choice task used as a warm-up question during piloting 

 

 

6.3.4.2 Respondent questions 
 

Respondents were required to complete additional questions alongside the DCE 

tasks. These questions related to ovarian cancer knowledge, health behaviours and 

beliefs and general sociodemographic characteristics. Questions adopted wording 

from established surveys (e.g. census, ONS survey) or previous DCE surveys where 

available. These questions aimed to gain a better understanding of the population and 

enabled investigation of preference heterogeneity. These questions were seperated 

into two sections appearing before and after the discrete choice portion of the survey.  

 

6.3.4.3 Discrete choice tasks 
 

Respondents were randomised and completed one of the two versions of DCE tasks 

(i.e. 1% or 3% cancer risk). The experimental design for each survey was the same.  

 

6.3.4.4 Rationality checks 
 

The use of rationality checks to assess the internal validity and reliability of responses 

is recommended (Johnson et al., 2013; Johnson et al., 2019). In addition to the 12 

choice tasks included within the experiment design, respondents also completed four 
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extra questions to evaluate different dimensions of rationality. These validity checks 

are derived from utility theory axioms of choice which assume decision behaviour 

should be monotonic, transitive and stable (Plott, 1993). Descriptions of alternative 

rationality check questions are provided in Appendix 6.1. In total, five aspects of 

rationality were assessed: 

 

• Monotonicity: An additional choice task with a dominant alternative (objectively 

better) was included to test to check non-satiation assumption (i.e. more is 

always preferred) (requires 1 additional choice task) 

• Transitivity: Transitive responses imply that if a respondent prefers option A to 

B and B to C they must also prefer A to C (requires 2 additional choice tasks) 

• Stability of preferences: An early choice task was repeated later in the 

questionnaire to test the stability in choice responses (requires 1 additional 

choice task)  

• Non-trading behaviour: A simple test to investigate non-compensatory 

behaviour by examining responses for evidence of decisions made based on a 

single attribute (no additional choice tasks required) 

• Flat-lining: This is a straightforward inspection of responses to check whether 

any participant has repeated chosen a choice task in the same position 

throughout all question (e.g. selected “Test A” for all tasks) (no additional choice 

tasks required). 

 

6.3.4.5 Qualifying questions 
 

DCE tasks were followed up with qualifying questions to further understand the 

responses of participants and the decision-making process. Immediately following 

each DCE choice task respondents were asked to state confidence in their decision 

on a scale of 1 (‘Not confident at all’) to 10 (‘Extremely confident’) (Figure 6.5). 

Following completion of all choice tasks, respondents were asked how difficult they 

found the DCE questions. Respondents were also asked to rank the attributes from 

highest to lowest in terms of importance. Responses were later compared with the 

DCE for consistency (Figure 6.6). The placement of the ranking task was randomised 

to before and after the choice tasks to control for position bias. 
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 Finally, similar to the BWS survey in Chapter 5, two attention check questions were 

placed throughout the survey to screen for inattention. An example question was: 

 

“On average, how often do you visit your GP every year? 

Please enter 'yes' to show that you are paying attention”. 

 

 

  

 

 

6.3.5 Stage 5: Piloting 
 

The pilot aimed to determine: i) the relevance and understanding of attributes and 

associated levels to the target audience; ii) understanding of the DCE task and ability 

and willingness to trade between attributes; iii) the decision process associated with 

the completion of choice tasks; iv) the acceptability and feasibility of online data 

collection; v) relevance and acceptability of the survey instrument including 

accompanying demographic questions. 

 

To fulfil these aims, a two-stage iterative approach was adopted, combining qualitative 

and quantitative evidence from the target population. Results were used to refine the 

final survey instrument and embedded DCE design.  

 

6.3.5.1 Qualitative testing: Think-aloud interviews 
 
 

Figure 6.6: Ranking exercise included in the questionnaire 
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Methods 
 

Five interviews were conducted using the think-aloud method (also known as cognitive 

interviews). The purpose of the interviews was to provide in-depth feedback on the 

DCE choice task, exploring the acceptability and clarity of the survey instrument 

(including wording and attribute framing attributes) and interface (Willis, 2004). The 

think-aloud method has been successfully used in DCEs during piloting in many 

studies to assess the internal validity, acceptability and cognitive processes 

associated with the completion of choice tasks (Cheraghi-Sohi et al., 2007; Ryan et 

al., 2009; Whitty et al., 2014). The aim was to assess the survey itself and therefore 

survey responses from interviews were not analysed. 

 

Recruitment  

The sample population was people with ovaries over the age of 40. Respondents were 

recruited via social media (e.g. Nextdoor, Facebook), advertisement posted is shown 

in Appendix 6.2. Participants received a £10 gift voucher to thank them for their time. 

 

Interview process 

Interviews took place online using Microsoft Teams or Zoom, according to the 

preferences of the participant. The online setting was adopted to align with national 

and university-level Covid-19 guidance. Prior to the interview, participants were sent 

an information sheet (Appendix 6.3) and asked to complete an electronic consent form 

(Appendix 6.4) Participants were then emailed instructions, including a link to the 

survey, which went live at the start of the interview and were asked to share their 

screen whilst completing tasks.  

 

The interview began with a short warm up task to introduce the participant to the 

process of thinking aloud. For the main task, participants were asked to complete the 

discrete choice section of the survey, verbalising thoughts about what they were 

reading, seeing, thinking, doing and feeling throughout. Tasks were completed with 

minimal interruptions from the interviewer. Where necessary neutral prompt questions 

such as “what are you thinking now?” or “why did you do that?” were used to 

encourage the participant to continue think-aloud or to probe for more detail. Before 

ending the interview, participants were given the opportunity to share any further 
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observations about the tasks and asked a few follow up questions. In total interviews 

were designed to last for approximately 45 minutes, with a maximum length of 90 

minutes. Two facilitators were present during each interview; one acted as the lead 

during the sessions (RH) and one observed and took notes (AML). A full interview 

schedule is provided in Appendix 6.5. 

 

Analysis  

Data from think-aloud interviews were formed from two distinct perspectives: firstly, 

from the participant verbalising their thoughts and feelings whilst navigating the 

interface and completing the questionnaire but also from direct observation by the 

researchers of what the subject was doing. Interviews were digitally recorded and 

transcribed verbatim before being analysed thematically according to the purposes of 

piloting. Thematic analysis refers to the analysis of qualitative data through the 

identification of common codes or “themes” (Castleberry & Nolen, 2018).  

 

Think-aloud results  

 

Five interviews were conducted with women living in South West England, aged 

between 42-73 years old. Interviews lasted between 33 and 57 minutes.  

 

Interviewees were randomly assigned a survey version once the interview was 

scheduled: 

• 1% cancer risk (p1, p2, p5) 

• 3% cancer risk (p3, p4) 

 

Think aloud themes 

 

i. Interpretation and understanding of attributes and attribute levels 

Feedback during the interviews identified a number of areas of misunderstanding or 

misinterpretation of attributes.  

 

Time to completion of testing was frequently misunderstood and was interpreted as 

either the time to receiving a final diagnosis or time to start of treatment by all 
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participants. Participants also had trouble contextualising the attribute and associated 

levels. For instance, participants expressed difficulty in establishing a time scale that 

seemed too long without prior knowledge of average waiting times: 

 

“I’m obviously not an expert to know how long this test actually takes to do” (p1)  

 

A lack of information on the implications of longer waiting times was also highlighted 

as a point of difficulty when interpreting the attribute:  

 

“I’m not familiar with how progressive ovarian cancer can be, I don’t know if that’s 

something you want me to factor in, you know? How critical eight weeks could be in 

terms of, what the outcome might be or how time sensitive it might be” (p4) 

 

“I mean, I’m guessing. Just from the knowledge I do have that it’s not, it wouldn’t be 

that time sensitive” (p5) 

 

Participants had problems distinguishing between related and unrelated conditions 

when considering the identifiable conditions attribute and also felt the attribute 

lacked contextual information relating to the type and severity of potential alternative 

conditions: 

 

“That one’s got cancer plus the conditions. Additional related conditions, unrelated? 

Just noticed that, unrelated conditions?” (participant 1, q9- noticing that there are two 

different levels)”  

 

“test A is picking up alternative conditions and test B is picking up additional conditional 

unrelated ones. I don’t, I don’t really differentiate there” p4 

 

The attribute appeared to be well-considered during early questions but as tasks 

progressed identifiable conditions were viewed as less important by some participants:  

 

 “It would come down to the reliability and the alternative conditions is again another, 

is a bonus” p5 
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“They both pick up other conditions but ovarian cancer would be the primary concern.” 

P4 

 

Accuracy appeared to be well understood by most participants. During the early 

questions one participant wrongly interpreted the attribute as referring to specificity (or 

false-positive results). Encouragingly, their understanding appeared to change as 

questions progressed: 

 

 “So, I’m homing in straight away on wrongly being told because that’s the case I know 

with breast cancer there are a lot of false positives aren’t there” p2 (q3)  

 

“…a couple of rows there of people being told they haven’t got cancer” Q7 

 

“…you’ve got half of the people being told that they’ve got cancer, half told they haven’t 

when they have. Wrongly told they’ve not got it.” Q11 

 

Accuracy was the only attribute to include a risk element and accompanying visual 

aid. Responses to the visual aid were mixed, with some participants commenting that 

it was helpful whilst others appeared to find it more confusing:  

 

“My confidence is waning rather because they just look so peculiar these, these 

pictures really” p2 

 

“The colours were good. That was really helpful” p5 

 

Overall, it appeared that visual aids were somewhat distracting to respondents 

regardless of how helpful they were perceived to be.  

 

Communication throughout the testing process appeared to be well understood 

and the most relatable to participants early on, with several participants sharing their 

personal experiences with different styles and quality of communication within their 

medical care and using this as a baseline of what is expected/acceptable. The attribute 
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offered an accessible way for participants to familiarise themselves with the task and 

was focused on more heavily during early questions by all participants. However, 

similarly to identifiable conditions, as choice tasks progressed, for some 

participants, improvements in communication were viewed as a bonus rather than a 

crucial deciding factor: 

 

“Communication is poor against fair, that, there isn’t a lot of, that wouldn’t really affect 

my decision” p4 

 

For others communication appeared to remain highly important throughout: 

 

“It depends on who communicates and how well I know them” p3 

 

ii. Hypothetical nature of the task 

Realism of scenarios was an issue for some participants, particularly at the start of the 

questions. Some participants felt the test profiles “seem a bit too good to be true” (p2) 

in comparison to their personal experiences with the medical system:  

 

“It seems so unbelievable that I still can’t feel very confident” p2  

 

Whilst other participants expressed disbelief at the attribute levels or combination of 

attributes, particularly in relation to the communication attribute: 

 

 “How can they end up with poor communication? That just doesn’t. If they are in this 

business, how can they have poor communication?” p1 

 

“Well, how would I know how accurate the result was if the communication was poor?” 

p3 

 

Other participants had less trouble immersing themselves in the scenarios: 

 

“I was thinking about it as I would really feel in those shoes, rather than just as a sort 

of number” p4 
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And even participants that struggled with the hypothetical nature towards the 

beginning of survey expressed increased realism as the survey progressed and they 

began to feel more familiar with the question format:  

 

 “When I first started out it felt, it felt completely theoretical so I felt quite confident 

because it felt like a made up exercise but as the questions went on you actually 

started to feel a bit like you were actually having to consider these questions…so my 

confidence became less because it felt, I know it’s not real but it felt a bit more real if 

that makes sense” p2 

 

 

iii. Number of choice tasks: adaptive preferences throughout the choice task 

Since the total number of choice tasks was on the higher end of current practice within 

healthcare, the length of the survey was important to explore during the interviews.  

 

Two participants expressed frustration or fatigue during the later stages:   

 

“Not another one” p3 

 

“I was ready to finish. I was a bit fed up of seeing all the charts really” p2 

 

The remaining participants did not have any problems with the length when asked. 

One participant even viewed the number of questions as a positive aspect, allowing 

more time to gain familiarity and think more deeply about their true priorities: 

 

“I think it was actually better for me because it did make me think about it more, so it, 

actually reason it more than I did when I first started.” P1 

 

Increasing familiarity and evolving preferences described above were also observed 

in other participants as questions progressed: 

 



 
 
 

179 
 

“…it wasn’t until later on that I really thought that actually speed might be of the 

essence and I wasn’t at the beginning considering speed” p2 

 

“I started off wanting good communication…but when you then start to look at it, I did 

know that I changed over time because I changed my thought pattern” p1 

 

Participants also demonstrated greater familiarity with the question format and 

attributes during the later stages of the questions. For instance, one participant did not 

acknowledge the opt-out alternative until question 9: 

 

“Now funny enough, I just realised the other box on the end there that says “not choose 

either test”” p5 

 

“Ah. That’s not something I’ve actually been thinking about properly really” (p2, 

regarding the relationship between waiting times and survival, q14) 

 

However, participants also displayed signs of heuristic behaviour as tasks progressed, 

particularly, non-attendance:  

 

 “I think I might be ruling out the other conditions” p2 q15 

 

Although this may be due to irrelevance rather than simplification since most 

participants said task difficulty was manageable when asked although some difficulty 

with accuracy and visuals was expressed p2  

 

“Oh blimey, this is complicated looking at these isn’t it?” p2 

 

“It was confusing looking at so many” p2 

 

iv. Trade-off behaviour 

Participants appeared to be daunted when first presented with the first-choice set. 

Though, once acclimatised, the purpose and process of considering the choice sets 
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appeared to be well understood and respondents verbalised comparing and equating 

attributes across the test options well:  

 

“So it looks like we’re trying to find balance here between the accuracy and the 

communication and the time of testing” p1 

 

“…test A for the accuracy and communication and the fact that is picks up other 

conditions at the same time, even though you have to, completion will take twice as 

long as test B” p4 

 

As choice tasks progressed, despite acknowledging each attribute when presented 

with a new choice task, some respondents appeared to narrow down the attributes 

they considered during trade-off decisions suggesting potential issues of non-

attendance of simplifying heuristics: 

 

“Communication I’m ruling out because I don’t, that just, I’m looking at the length of 

time”p2 

 

“When you’ve got variations to play with, it’s not so easy. Should I get it done quickly, 

or shall I have an accurate one?” p3 

 

In particular, one participant began to focus solely on accuracy, suggesting non-

attendance could be a potential issue and something to be conscious of during 

quantitative piloting: 

 

“Accuracy is just the most important thing. It seems a false economy to have a quicker 

answer if it’s not the right one” p4 

 

v. Opt-out and indifference alternatives 

Despite expressing difficulty, participants were always able to decide between the two 

test options and did not use the indifference alternative at any point. Similarly, the opt-

out alternative was not selected by any participants during the pilot interviews and the 
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consequences of selecting the opt-out appeared clear (i.e. you would not receive any 

test rather than receiving an existing ‘status quo’ option):  

 

“I don’t see why you wouldn’t have any test at all” p4 

 

“I didn’t really consider the box on the end that said neither because I think, I looked 

and thought, well actually you wouldn’t, because at the end of the day you want a test 

at some point” p1 

 

vi. Choice certainty 

There was some ambiguity around the wording of the choice certainty question which 

accompanied each choice task asking, “How confident are you about your answer?” 

with one participant asking for further clarification and another interpreting the question 

to be asking how happy they were about the test they had chosen. The question also 

did not appear to be generally well-considered with responses not seeming to match 

the level of deliberation observed during each question within the interview, with one 

participant even stating:  

 

“I just went for seven or eight or nine” p3 

 

vii. Difficulty 

The perceived difficulty of the choice tasks was mixed across participants, some 

participants reported finding making the choices easy whilst others verbalised difficulty 

during the early stages for choice tasks with greater utility balance but also noted that 

this reflected the real process of decision-making:  

 

“It was very difficult to try and do it quickly and try and weigh things up, to compare 

and contrast…but I guess maybe that’s a bit naturalistic because maybe people don’t 

have a lot of time when you’re in the surgery” p2 
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6.3.5.2 Changes following qualitative piloting 
 

Based on feedback during the think-aloud interviews several changes were made to 

the survey prior to quantitative piloting.  

 

i. Attribute wording and levels 

The levels associated with identifiable conditions were reduced to two: “cancer 

only”, and “cancer plus alternative conditions related to your symptoms”. Additional 

information was also added to the description of the attribute at the beginning of the 

survey to provide examples of what conditions may be identified e.g. fibroids.  

 

Communication throughout the testing process was retained as it appeared very 

important to some participants and provided an accessible entrance to the survey for 

participants to familiarise themselves at the start of the survey. Aware that non-

attendance may be an issue for some participants- a stated non-attendance question 

was added to be able to account for this during modelling (Figure 6.7). 

 

Time to completion of testing was reworded to Time to diagnosis to address 

misinterpretation during interviews. Attribute levels were updated to reflect the new 

wording based on literature (Funston et al., 2020a; Lim et al., 2016).  

 

 

 

 

 

 

Figure 6.7: Self-reported attribute non-attendance question 
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ii. Prominence of accuracy/distraction of accuracy visuals 

Accuracy appeared to be dominant for participants during the interviews. Interview 

findings suggested that the focus on the attribute for some participants is likely a 

rational and conscious decision based on their strong preference for accuracy.  

 

Contrastingly, other participants commented on the prominence of the attribute, both 

in terms of placement (first attribute across all choice tasks for all participants) and 

visually, due to the accompanying visual aid. Other participants commented on the 

usefulness of the visual prompt so it was retained with a few changes to help 

interpretation (font size, wording). An additional version of the survey was created for 

piloting to investigate whether attribute position had any impact on importance. The 

additional version randomised the order of the attributes in each choice task. A survey 

using the same constant order across all individuals was also piloted for comparison.  

 

iii. Clarifying relationship between diagnostic interval and survival 

Interviews highlighted uncertainty and variations in the interpretation of the 

implications of longer diagnostic intervals, particularly relating to disease progression 

and survival. To address this issue, time to diagnosis was amended to include an 

explicit statement about any survival impact. 

 

The relationship between time to diagnosis and outcomes for patients with ovarian 

cancer is currently unclear and evidence is mixed (Figure 6.8). Many studies find no 

association between diagnostic delays and stage of diagnosis or survival, whilst others 

find longer waiting times are associated with lower QoL outcomes, decreased 

satisfaction and reduced survival. A third strand of literature reveals an inverse 

relationship between diagnostic delays and survival. These studies demonstrate the 

“Waiting Time Paradox” (Neal et al., 2015), whereby patients with the most severe 

symptoms (possibly indicating advanced or aggressive cancers) are most likely to be 

referred quickly, resulting in a faster diagnosis but also a poor prognosis.  

 

Given this uncertainty, an additional research aim was identified—exploring the impact 

of diagnostic delays on preferences. To address this question, existing versions of the 

survey included a statement that indicated delays in diagnosis had no impact on 



 
 
 

184 
 

survival. An additional version of the survey was created to explore a potential 

relationship. In this version, respondents were told that the chance of survival was 

reduced by 1% per 1 week delay (a delay was a diagnostic time beyond 1 month). 

This was a placeholder estimate based on unpublished work by a research team 

member (WH), to assess the feasibility of the research question during piloting.  

 

iv. Additional changes 

The interviews also identified some smaller problems relating to the survey instrument 

which decreased accessibility such as font size and question formats (e.g. the use of 

a sliding scale rather than checkboxes) which were also adapted prior to the 

quantitative pilot. The choice certainty question was also reworded to increase the 

clarity “On a scale of 1-10, how confident are you in your answer?” 

 

.
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Patient interval 
Smith and Anderson (1985) found no association 

between delayed presentation following the onset of 
symptoms and stage of disease at time of diagnosis. 
Tokuda et al. (2009) found a shorter patient interval 

significantly increases the likelihood of distant 
metastasis.  

Symptom onset to diagnosis interval  
Most studies find no association between time to diagnosis and survival (Nagle et al., 2011) or stage of diagnosis (Fruchter & 
Boyce, 1981; Menczer, 2000; Nagle et al., 2011). Time to diagnosis described as onset of symptoms to confirmed diagnosis. 

Lurie et al. (2010) find a shorter duration of symptoms significantly increased the likelihood of advanced stage diagnosis. 

Total interval 
Shorter waiting times were associated with increased quality of life (EORTC-C30) and increased patient satisfaction (Robinson et al., 2012). 

Referral interval 
No difference in survival or stage 

of diagnosis between those 
diagnosed following urgent referral 

and patients diagnosed through 
other routes (Neal et al., 2007). 

Secondary care interval 
Based on analysis of COVID-lockdown effects. A three-month delay in urgent referral 

appointments were predicted to reduce 10-year survival by ~17% (aggregate level). The 
impact of delays had different impacts dependent on patient age (Sud et al., 2020). 

Mixed evidence 

No relationship 

Delays in diagnosis significantly 

affects outcomes 

Figure 6.8: Relationship between delays along the diagnostic pathway and outcomes for ovarian cancer 
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6.3.5.3 Quantitative pilot study 
 

The pilot study aimed to determine whether the survey was able to be completed 

online, check trading behaviour and experimental design, and determine sample size 

requirements for the final study. 

 

Based on the findings and methodological questions arising from the think-aloud 

interviews, four versions of the survey were piloted: 

 

Version 1: 3% cancer risk, constant attribute order 

Version 2: 1% cancer risk, constant attribute order 

Version 3: 3% cancer risk, randomised attribute order 

Version 4: 3% cancer risk, constant attribute order, time to diagnosis--survival 

relationship introduced 

 

Each version of the survey was completed by 25 respondents recruited via Prolific 

(Prolific.co). The sample was limited to women over 40 living in England and Wales 

with at least one ovary to align with the intended final sample demographics.  

Each participant completed the full survey including 12 choice tasks within the 

experimental design, plus four additional rationality checks 

 

Pilot data were cleaned and analysed using SPSS 26 and Stata 16. Results were 

analysed using multinomial logit (MNL) model introduced in the previous chapter 

(McFadden, 1974). 

 

Gauging participant understanding and engagement was a primary aim of the pilot 

study and was evaluated in a number of ways: 

 

1. Length of time taken to complete the survey  

2. Self-reported task difficulty 

3. Frequency of attention and rationality check failures 

4. MNL results 

5. Selection of the opt-out and indifference alternatives 

6. Self-reported non-attendance  
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Results of quantitative piloting 

 

Key summary statistics for respondents of the pilot study are shown in Appendix 6.6.  

Respondents were aged between 40 and 80 years old, were predominately white 

(94%) and were mostly test-naïve (88%). 

 

The median completion time across the four survey versions was 15 minutes and 10 

seconds (range: 6 minutes 34 seconds – 39 minutes 42 seconds). 

 

i. Self-reported task difficulty  

Table 6.2 shows the perceived difficulty of the choice tasks as reported by respondents 

across the four survey versions. Respondents from versions 1 and 2 were equally split 

in finding the task easy or difficult. Versions 3 and 4 were viewed as more difficult by 

respondents, reflecting the methodological variations of these versions. Version 3 

(randomised attribute order) was the only version where respondents considered the 

task to be very difficult.  

 

 
Table 6.2: Self-reported task difficulty from quantitative pilot study 

 
V1: 3% cancer 

risk 
V2: 1% cancer 

risk 

V3: 
Randomised 

attribute order 

V4: Timing-
survival 

relationship 

Very easy 
Easy 
Neither easy nor difficult 
Difficult 
Very difficult 

- 
9 (36%) 
9 (36%) 
7 (28%) 

- 

1 (4%) 
8 (32%) 
8 (32%) 
8 (32%) 

- 

1 (4%) 
6 (24%) 
8 (32%) 
5 (20%) 
5 (20%) 

- 
5 (20%) 
10 (40%) 
10 (40%) 

- 

 
 

ii. Frequency of attention and rationality check failures 

In total, two respondents failed the embedded attention check questions. These 

respondents were excluded and replaced within the final analysis. A summary of the 

rationality check failures is shown in Table 6.3. Failures were generally low across all 

versions. The most common failure across all versions was decision-making based on 

a single attribute (dominant attribute test), specifically respondents who failed based 

their choices on the alternative with the highest accuracy level in all cases.   
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Table 6.3: Number of respondents failing rationality checks during the pilot study 

 
V1: 3% cancer 

risk 
V2: 1% cancer 

risk 

V3: 
Randomised 

attribute order 

V4: Timing-
survival 

relationship 

Monotonicity  0 (0%) 0 (0%) 1 (4%) 0 (0%) 

Transitivity 0 (0%) 0 (0%) 1 (4%) 0 (0%) 
Stability 0 (0%) 0 (0%) 2 (8%) 1 (4%) 
Non-trading  2 (8%) 3 (12%) 5 (20%) 2 (8%) 
Flatlining 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

 
iii. MNL results 

 Results of multinomial logit analysis for each pilot version can be found in Table 6.4. 

Coefficients generally followed the expected direction of preferences, although results 

from version 3 (randomised attribute order version) suggested higher utility was 

associated fair rather than good communication. Despite the small sample size, almost 

all parameters were significantly significant. 

 

Table 6.4: MNL results from the quantitative pilot study 

 
V1: 3% 

cancer risk 
V2: 1% 

cancer risk 

V3: 
Randomised 

attribute 
order 

V4: Timing-
survival 

relationship 

 Coefficient 
(95%CI) 

Coefficient 
(95%CI) 

Coefficient 
(95%CI) 

Coefficient 
(95%CI) 

Accuracy 

Per 1% 
0.06*** 

(0.04 – 0.08) 

0.06*** 
(0.04 – 0.08) 

0.09*** 
(0.07 – 0.11) 

0.09*** 
(0.06 – 0.11) 

Time to diagnosis 

Per month -0.25*** 
(-0.42 – [-0.09]) 

-0.31*** 
(-0.48 – [-0.14]) 

-0.60*** 
(-0.82 – [-0.37]) 

-0.52*** 
(-0.77 – [-0.27]) 

Identifiable conditions 

Cancer only Ref Ref Ref Ref 

Cancer plus additional related conditions 
0.67*** 

(0.36 – 0.98) 

0.41** 
(0.02 – 0.81) 

-0.02 
(-0.47 – 0.43) 

0.55** 
(0.11 – 0.99) 

Communication 

Poor Ref Ref Ref Ref 

Fair 
0.93*** 

(0.42 – 1.43) 

0.57*** 
(0.16 – 0.97) 

0.89*** 
(0.55 – 1.24) 

0.84*** 
(0.32 – 1.36) 

Good 
1.34*** 

(0.90  – 1.78) 

0.67*** 
(0.23  – 1.10) 

0.53** 
(0.03  – 1.03) 

1.05*** 
(0.49  – 1.61) 

Neither test 
-1.99** 

(-3.74 – [-0.23]) 

-1.05 
(-2.43 – 0.33) 

-1.89*** 
(-3.19 – [-0.58]) 

-1.08 
(-2.60 – 0.43) 

ASC 
-0.10 

(-0.29  – 0.10)  

0.16* 
(-0.03  – 0.35)  

0.05 
(-0.21  – 0.30)  

-0.14 
(-0.39  – 0.11)  

Log-likelihood -163.58 -203.79 -151.39 -161.90 

Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% 
confidence level 
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iv. Selection of the opt-out and indifference alternatives 

The indifference alternative was selected 55 times out of the 1,200 across all versions, 

representing 4.5% of total choices: 26% of respondents selected the alternative on at 

least one occasion. The ‘neither test’ alternative was chosen slightly more frequently 

(59/1200; 4.9%) but fewer respondents utilised the option (21/100) indicating serial 

selection was more likely (Table 6.5).  

 

Table 6.5: Selection of indifference and opt-out alternatives during the pilot study 

 
 

v. Self-reported non-attendance  

Self-reported attribute attendance was variable across the survey versions. Accuracy 

was consistently well-attended in all versions of the survey (Table 6.6). Self-reported 

non-attendance for all other attributes ranged from 24-68% across the survey 

versions, suggesting non-attendance should be an important consideration within the 

full version of the survey.   

 

Table 6.6: Self-reported attribute non-attendance during quantitative piloting 

 Version 1 Version 2 Version 3 Version 4 

Accuracy 1 (4%) 4 (16%) 3 (12%) 2 (8%) 

Time to diagnosis 11 (44%) 6 (24%) 10 (40%) 8 (32%) 

Identifiable conditions 9 (36%) 6 (24%) 13 (52%) 11 (44%) 

Communication throughout the testing process 14 (56%) 12 (48%) 17 (68%) 12 (48%) 

 

6.3.6 Stage 6: Refinement  
 

A summary of all the changes made following piloting are summarised in Table 6.7.

 
V1: 3% cancer 

risk 
V2: 1% cancer 

risk 
V3: Randomised 
attribute order 

V4: Timing-
survival 

relationship 

Indifference alternative 
14/300 

(7 individuals) 
15/300 

(8 individuals) 
12/300 

(6 individuals) 
14/300 

(5 individuals) 

Neither alternative 
5/300 

(2 individuals) 
19/300 

(4 individuals) 
13/300 

(6 individuals) 
22/300 

(9 individuals) 
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Table 6.7: Summary of changes throughout the piloting process 

 Before piloting Changes after qualitative piloting Final instrument 

Defining the research question 

Research 
questions 

1. What is the relative 
importance of attributes 
relating to investigative 
testing for ovarian cancer in 
primary care? 

2. How does the underlying 
level of cancer risk impact 
preferences towards 
testing? 

3. How does the inclusion of 
an indifference alternative 
impact responses within a 
DCE? 

 

1. What is the relative 
importance of attributes 
relating to investigative 
testing for ovarian cancer in 
primary care? 

2. How does the underlying 
level of cancer risk impact 
preferences towards 
testing? 

3. How does the inclusion of 
an indifference alternative 
impact responses within a 
DCE? 

4. How does the order of 
attributes affect attribute 
non-attendance? 

 
 

1. What is the relative 
importance of attributes 
relating to investigative 
testing for ovarian cancer in 
primary care? 

2. How does the underlying level 
of cancer risk impact 
preferences towards testing? 

3. How does the inclusion of an 
indifference alternative impact 
responses within a DCE? 

4. How does the relationship 
between time to diagnosis 
and survival impact 
preferences towards testing? 

5. To what extent is attribute 
non-attendance an issue? 
How does accounting for 
attribute non-attendance 
impact model estimates? 

6. How does the number of 
choice tasks per respondent 
impact responses? Is there 
evidence of a learning or 
fatigue effect? 

 

Survey 
versions 

1% risk of cancer, indifference 
3% risk of cancer, indifference 

1% risk of cancer, indifference 
3% risk of cancer, indifference 

1% risk of cancer, indifference 
2% risk of cancer, indifference 
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 3% risk of cancer, attribute order 
randomised 
3% risk of cancer, timing-diagnosis 
relationship 

3% risk of cancer, indifference 
3% risk of cancer, no indifference 
3% risk of cancer, timing-diagnosis 
relationship 

Attributes and levels 

Accuracy Wording: Accuracy- If 100 people 
with ovarian cancer had this test, 
the test would: correctly identify x 
(x%) with cancer but miss x (x%) 
cases 
Levels: (65%, 75%, 85%, 95%) 
Presentation: Visual aid 

Wording: unchanged 
Levels: unchanged 
Presentation: unchanged 

Wording: unchanged 
Levels: unchanged 
Presentation: unchanged 

Time to 
diagnosis 

Wording: Time to completion of 
testing 
Levels: 2 weeks, 4 weeks, 6 
weeks, 8 weeks 
Presentation: Words only 
Timing-survival relationship: not-
specified  

Wording: Time to diagnosis 
Levels: 1 month, 2 months, 3 
months, 4 months 
Presentation: words only 
Timing-survival relationship: no 
impact (v1-3) 1 week delay = 1% 
reduction in survival (v4) 

Wording: Time to diagnosis 
Levels: 1 month, 2 months, 3 
months, 4 months 
Presentation: words only (v1-4), 
visual aid (v5) 
Timing-survival relationship: no 
impact (v1-v4), age-stratified 
survival reduction per additional 
month (v5) 

Identifiable 
conditions 

Wording: Identifiable conditions 
Levels: ovarian cancer only, 
ovarian cancer plus alternative 
conditions related to your 
symptoms, ovarian cancer plus 
additional unrelated conditions 
Presentation: words only 

Wording: unchanged 
Levels: ovarian cancer only, 
ovarian cancer plus alternative 
conditions related to your 
symptoms 
Presentation: unchanged 

Wording: unchanged 
Levels: ovarian cancer only, 
ovarian cancer plus alternative 
conditions related to your 
symptoms 
Presentation: unchanged 

Communication 
throughout the 
testing process 

Wording: Communication 
throughout the testing process  
Levels: Good, fair, poor 
Presentation: words only 

Wording: unchanged 
Levels: unchanged 
Presentation: unchanged 

Wording: unchanged 
Levels: unchanged 
Presentation: unchanged 
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DCE composition 

Construction of 
choice tasks 

Full or partial profiles: Full 
Test alternatives: Test A, Test B 
(generic) 
Opt-out alternative: Yes 
Indifference alternative: Yes (1 
version with no indifference) 

Full or partial profiles: unchanged 
Test alternatives: unchanged 
Opt-out alternative: unchanged 
Indifference alternative: All 
versions included indifference 

Full or partial profiles: unchanged 
Test alternatives: unchanged 
Opt-out alternative: unchanged 
Indifference alternative: Yes, 
except v4 

Experimental 
design 

Fractional factorial design 
Main effects only 
D-efficient design using very small 
priors 
12 choice tasks, no blocking 
4 rationality check questions 

Updated to reflect change in 
identifiable conditions levels 

Fractional factorial design 
Main effects only 
Bayesian d-efficient design using 
priors from pilot study 
Joint estimation of versions (1,3,5)  
Optimised for MNL and evaluated 
for MMNL 
16 choice tasks, no blocking 
4 rationality check questions 

Instrument design 

Survey design See section 6.3.4  Additional questions: self-reported 
non-attendance, reasons for non-
attendance  
Question changes: Choice 
certainty question reworded 
Other changes: Choice certainty 
question format changed from 
slider to radio  

Additional questions: reasons for 
selection of indifference (if 
selected at least once) 
Question changes: none 
Other changes: attribute order 
varied between respondents but 
kept constant for each respondent 
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6.3.6.1 Re-defining the research question 
 

Following piloting, the primary research question remained unchanged—to 

understand women’s preferences towards diagnostic testing for ovarian cancer and 

understand how these preferences vary according to sociodemographic 

characteristics. However, as a result of piloting, methodological research questions 

were refined, and new research aims were introduced.   

 

Additional research aims for the final study are: 

 

i. How does the underlying level of cancer risk impact preferences towards 

testing? 

ii. How does the inclusion of an indifference alternative impact responses within 

a DCE? 

iii. How does the relationship between time to diagnosis and survival impact 

preferences towards testing? 

iv. To what extent is attribute non-attendance an issue? How does accounting for 

attribute non-attendance impact model estimates? 

v. How does the number of choice tasks per respondent impact responses? Is 

there evidence of a learning or fatigue effect? 

 

i. How does the underlying level of cancer risk impact preferences towards 

testing? 

During piloting, preferences did not appear to significantly differ based on the risk of 

cancer and/or symptoms experienced. This research question has important 

implications for clinical practice and future guideline revision. On this basis, alternative 

versions with differing risk levels were included in the final study. In addition to the 1% 

and 3% cancer risk versions piloted within this chapter, a 2% cancer risk version was 

included for completeness. Current urgent referral guidelines are specified on the 

basis of symptoms suggestive of a 3% cancer risk. Future changes are likely to be 

incremental, therefore when thinking about improvements to earlier diagnosis 

reducing this threshold to 2% appears to be a logical step- understanding preferences 

(and potential demand) at these different incremental risk levels is likely to be useful 

to policymakers. This approach also follows previous studies (Banks et al., 2014). 
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ii. How does the inclusion of an indifference alternative impact responses 

within a DCE? 

Exclusion of indifference alternatives may be detrimental to the quality of responses 

by forcing respondents to decide between test alternatives artificially. In response, all 

versions of the survey included an indifference alternative. To investigate the drivers 

of indifference, an additional debriefing question was added following the completion 

of all DCE questions for those who selected the indifference alternative at least once. 

Finally, to understand how indifference may influence results an additional version 

which excluded the indifference alternative added the final study. This additional 

version is reflective of current practice in healthcare DCEs, which do not typically 

include an indifference alternative (Chapter 4). 

 

iii. How does the relationship between time to diagnosis and survival impact 

preferences towards testing? 

From the pilot study it was unclear whether differences in the relationship between 

timing and survival were influential to preferences. However, cognitive interviews 

clearly demonstrated that this information was important to participants when 

considering choices. Given the current uncertainty around the relationship between 

time to diagnosis and survival it was deemed necessary to maintain the two alternative 

versions; (i) no survival impact and (ii) longer waiting times reduce the chance of 

survival.  

 

Following piloting, a study assessing the impact of diagnostic delays on survival in the 

context of COVID-19 was published (Sud et al., 2020). The study estimated age-

stratified, 10-year survival probabilities associated with increased delays, specific to 

individual cancer sites, including ovarian cancer. For this thesis, the results from Sud 

et al. (2020) were extrapolated and used to update the DCE version with a time-

survival relationship. Respondents were shown different 10-year survival risks 

according to their age (Table 6.8). Given the introduction of risk, a visual aid similar to 

the one used to describe the accuracy attribute was added. 
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Table 6.8: Age-stratified reduction in 10-year survival from ovarian cancer adapted from Sud et al 
(2020) 

 

 Age 

40-49 50-59 60-69 70+ 

T
im

e
 t

o
 d

ia
g

n
o

s
is

 

(m
o

n
th

s
) 

1 0% 0% 0% 0% 

2 3% 4% 7% 8% 

3 9% 11% 12% 12% 

4 14% 18% 18% 17% 

 
 

iv. To what extent is attribute non-attendance an issue? How does accounting 

for attribute non-attendance impact model estimates? 

Randomising the order that attributes appeared seemed to increase irrational 

responses, self-reported difficulty and crucially non-trading behaviour therefore, this 

version of the survey was removed from the final study.  

 

Self-reported non-attendance responses confirmed findings from the think-aloud 

interviews—that non-trading behaviour would be an important issue in the final study. 

The removal and/or replacement of the highly non-attended attributes 

(communication, identifiable conditions) was discussed by the research team, 

however, all attributes were maintained based on their importance throughout the 

attribute development stages. However, given the high likelihood of attribute non-

attendance by a subsection of the sample an additional research question exploring 

the extent and impact of attribute non-attendance was added to the final study.  

 

v. How does the number of choice tasks per respondent impact responses? Is 

there evidence of a learning or fatigue effect? 

During qualitative piloting, some participants appeared to exhibit learning behaviour, 

developing their knowledge and preferences as the choice tasks progressed. 

Contrastingly, other respondents appeared to become fatigued by the seemingly 

repetitive choice tasks. The optimal number of choice tasks within DCEs remains 
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unclear and there is also contrasting literature on whether respondents experience 

learning or fatigue effects as choice tasks increase (Campbell et al., 2015).  

 

Given the mixed evidence from this pilot study, as well as the DCE literature more 

widely, the study was adapted to incorporate an investigation of this issue in the 

context of preferences for diagnostic testing. 

 

Accommodation of this additional research question involved no additional survey 

versions but did require manipulation of the experimental design and an extension 

from 12 to 16 choice tasks. Further explanation of the methods used are presented in 

Chapter 8. 

 

To address all the research aims, there were five sub-versions of the DCE choice tasks 

embedded within the online survey in total. Surveys were identical in all other ways. 

Respondents were randomised to a version and could only complete a single version. 

An example of a choice task from each version is shown in Figures 6.9-6.13. 

 

6.3.6.2 Experimental design  
 

A Bayesian efficient experimental design incorporating the pilot changes was 

generated in Ngene. Estimates from the pilot study as priors. The aim was to generate 

a single experimental design to be used across all survey versions. To do so, a multiple 

model approach was taken during experimental design generation. All available and 

relevant data was utilised (1% cancer risk, 3% cancer risk and timing-survival pilot 

results) to maximise the efficiency of the final design across all survey versions to 

generate the most efficient design. The Ngene syntax for the final design is found in 

Appendix 6.7. A final design with 16 choice tasks was selected. The final design is 

provided in Appendix 6.8.  

 

The final survey instrument can be found in Appendix 6.9. 
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Figure 6.9: Example of a choice task from DCE version 1: 3% risk of cancer 

 
 
 
Figure 6.10: Example of a choice task from DCE version 2: 2% risk of cancer 
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Figure 6.11: Example of a choice task from DCE version 3: 1% risk of cancer 

 
 
 
Figure 6.12: Example of a choice task from DCE version 4: 3% risk of cancer, no indifference 
alternative 
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Figure 6.13: Example of a choice task from DCE version 5: 3% risk of cancer, increased time-to-
diagnosis has an age-adjusted negative affect on 10-year survival 

 
 
 

6.4 Chapter summary  
 

This chapter described the process of developing a DCE to investigate preferences 

towards diagnostic testing for ovarian cancer following best practice guidelines. The 

rigorous design process and transparent reporting aimed to maximise the quality and 

validity of subsequent results and are a strength of this chapter. 

 

Two-stage piloting with a qualitative element allowed the survey instrument to be 

refined, ensuring it was well-understood and completed as intended by the target 

population. In particular, think-aloud interviews provided a valuable insight into how 

respondents engaged with the DCE tasks. Results motivated changes to many 

elements of the DCE design including attribute levels and wording and question 

formats. Quantitative survey piloting ensured the online format was acceptable to 

respondents and the survey length was appropriate. Results confirmed assumptions 

about the directionality of model parameters were correct. Pilot estimates were used 

to generate an updated Bayesian efficient experimental design for the final study.  
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In general, DCE instructions appeared to be well understood and respondents were 

willing and able to engage with the task of trading between attributes within choice 

sets.  However, for a subsection of respondents, attribute non-attendance may be an 

issue. 

 

The final DCE study on preferences towards diagnostic testing will include five 

versions of the survey. Each version will utilise the same experimental design and 

questionnaire but variations in the decision-context, available alternatives and choice 

task order will allow multiple additional methodological questions to be addressed. 

These additional questions were identified and refined during the piloting stage of the 

study. Additional research questions will improve the interpretability of responses 

within the final study and also add to the evidence and debate within the wider DCE 

literature. 
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7 Women’s preferences towards testing for ovarian 

cancer in primary care: Results from a DCE 
 
 

7.1 Introduction 
 
This chapter describes the final data collection, analysis and results of a discrete 

choice experiment designed to elicit women’s preferences towards diagnostic testing 

for ovarian cancer. The chapter utilises the survey instrument developed and piloted 

in the previous chapter. The chapter begins by outlining the research aims, followed 

by a description of the key methods including sample size calculations and data 

analysis plan. Finally, results are presented and interpreted in the context of ongoing 

debates regarding current inefficiencies and uncertainties surrounding investigative 

testing for ovarian cancer in primary. Research aiming to elicit preferences towards 

diagnostic testing for cancer is uncommon and results from this chapter are likely to 

be generalisable to diagnostic testing for cancer more broadly, particularly for sites 

where primary care-based tests are currently offered or may be offered in the future.  

 

7.2 Aims and objectives 

 

The primary aim of this chapter was to quantify preferences for diagnostic testing for 

ovarian cancer described in terms of key characteristics (attributes) and how 

preferences vary according to the level of cancer risk, as indicated by symptoms. 

Results from pilot testing (Chapter 6) resulted in adding a secondary research question 

aiming to investigate how current uncertainties in the relationship between the time to 

diagnosis and chance of survival impacts preferences for testing.  

 

Given these research questions, this chapter sought to address the following 

objectives: 

 

1. To measure the relative importance of key characteristics relating to ovarian 

cancer testing for people facing a 1%, 2% and 3% chance of cancer.  

2. To examine the willingness to trade between attributes based on marginal rates 

of substitution at different cancer risk levels 
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3. To identify sociodemographic characteristics which may influence stated 

preferences for testing (i.e. explore preference heterogeneity) 

4. To understand how uncertainties in the relationship between diagnostic interval 

and survival influence preferences and demand for ovarian cancer testing  

 

7.3 Methods 
 

7.3.1 Survey versions 

 
Four versions of the survey were used to fulfil the research objectives (see Chapter 6 

for more details). Surveys differed only in terms of the risk of cancer described to the 

respondents in the introductory vignette and the relationship between time to diagnosis 

and chance of survival. Respondents completed one version of the questionnaire 

assigned at random following electronic consent.  The four versions were: 

 

a. Version 1: Respondents were told there is a 1% chance their symptoms are caused 

by ovarian cancer and time to diagnosis has no impact survival 

b. Version 2: Respondents were told there is a 2% chance their symptoms are caused 

by ovarian cancer and time to diagnosis has no impact survival 

c. Version 3: Respondents were told there is a 3% chance their symptoms are caused 

by ovarian cancer and time to diagnosis has no impact survival  

d. Version 4: Respondents were told there is a 3% chance their symptoms are caused 

by ovarian cancer and time to diagnosis has an incremental age-adjusted impact on 

survival 

 

7.3.2 Study population  
 
Participation was limited to women over the age of 40 with one or both ovaries based 

on current tasting guideline and risk of developing ovarian cancer (NICE, 2015). A 

general public population (i.e. women with mixed experience of cancer testing and 

recruited in a non-clinical seetiing) was chosen since the focus was on exploring the 

preferences of people who may be offered testing in primary care in the future.  

 

7.3.3 Sample size 
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Sample size requirements for DCEs are a subject of debate. A number of different 

methods exist, with no accepted best-practice approach (de Bekker-Grob et al., 2015). 

This study applies the s-estimate approach developed by Rose and Bliemer (2013). 

The approach utilises the results from the pilot study to estimate the minimum sample 

size for each attribute estimated as part of the utility function.  

 

The minimum sample size N, for attribute 𝑘 to achieve parameter estimates with 95% 

certainty is estimated following the equation below: 

 

𝑁𝑘 ≥  (
1.96 ∙  𝑠𝑒1(�̅�𝑘)

�̅�𝑘

)

2

 

 
 

Where �̅�𝑘 is the parameter estimate from the pilot study and 𝑠𝑒1(�̅�𝑘) is the associated 

standard error. The use of a d-optimal experimental design results in some parameters 

being estimated with much higher levels of reliability (i.e. lower standard errors) than 

others, since efficiency is globally optimised for the whole utility function.  As a result, 

the minimum sample size will be the lower bound for finding a statistically significant 

parameter estimate for the attribute with the highest standard error in the pilot study.  

 

Based on this approach, the minimum sample size for the final experimental design 

was 78 per survey version. This represents the theoretical lower bound for statistically 

significant parameters at the 95% confidence level, assuming that pilot estimates were 

completely accurate. A final larger sample size of 150 respondents per survey version 

was decided based to accommodate the uncertainty around pilot results and to allow 

for variability in sociodemographic covariates used to assess drivers of preference 

heterogeneity.  

 

7.3.4 Recruitment  
 
An online questionnaire was developed using the survey platform, Limesurvey 

(limesurvey.org) as described in Chapter 6. Following the successful pilot study, 

Prolific (Prolific.co) was used to recruit participants for the study. Participants were 

screened based on sex and age initially, with a follow up question designed to identify 

people without ovaries who were ineligible for inclusion. Participants were paid a 
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completion fee of £2.50 (based on a target average hourly rate of £7) directly into their 

prolific account. Participants who were interested in taking part were then given further 

information about the study and completed an online consent form prior to the 

beginning of any study questions.  

 

7.3.5 Data analysis plan: survey questions 
 

Anonymised data were downloaded and cleaned in SPSS v27 and data analysis was 

performed using Stata 17.  

 

7.3.5.1 Respondent characteristics 

 

Respondent characteristics were summarised using descriptive statistics to provide 

an understanding of the sample. ANOVA tests were used to identify any differences 

between the respondents across the different survey versions.  

 

7.3.5.2 Qualitative analysis- communication 

 

The survey included an open-ended question to understand what “good 

communication” meant to respondents. Answers to this question were coded into 

common themes and visually presented.  

 

7.3.5.3 Ranking results 

 
Respondents were asked to rank the attributes within the survey in terms of 

importance from 1(most important) to 4 (least important). Results were analysed to 

understand the frequency of ranking position for each attribute and the overall order 

of ranking in each survey version.  

 

7.3.6 Data analysis plan: stated choice data  
 
 

7.3.6.1 Preferences based on cancer risk 
 

The first stage of analysis focused on understanding preferences towards ovarian 

cancer testing for women facing different risks of cancer. This stage related to the 
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analysis of data from survey versions 1-3 and addressed objectives i-iii. As described 

in Chapter 6, each choice task included 4 alternatives; test A, test B, opt-out and 

indifference. Indifferent responses were removed from analysis in this chapter to align 

with current practice in healthcare DCE literature, where indifference alternatives are 

not routinely provided (Soekhai et al., 2019). The implications of including or excluding 

indifference alternatives within DCEs is explored further in Chapter 8.  

 

Initially, main effects multinomial logit (MNL) models were estimated for each version 

of the DCE separately following the utility function:  

 

𝑉 = 𝛼𝐵 +  𝛼𝑂𝑝𝑡−𝑜𝑢𝑡 + 𝛽1Accuracy75 + 𝛽2Accuracy85 + 𝛽3Accuracy95 + 𝛽4Timing2 + 𝛽5Timing3 

+ 𝛽6Timing4 + 𝛽7RelatedConditions + 𝛽8CommunicationFair 

+ 𝛽9CommunicationGood   

 

Relative utility weights for each level are represented by beta coefficients, 𝛽1to 𝛽9 in 

the utility function. The opt-out alternative was assumed to indicate a respondent 

would not undergo any testing. To incorporate the opt-out alternative included within 

each choice set, an alternative-specific constant (ASC), 𝛼𝑂𝑝𝑡−𝑜𝑢𝑡 was included. This 

constant term captures any systematic differences between the average effect of 

unobserved factors on testing and non-testing utility (i.e. opt-out effects). An additional 

ASC, 𝛼𝐵 was included to correct for any left-right bias in respondents’ choices.  

 

To investigate the functional form, all attributes were initially assumed to be 

categorical. Attributes were dummy-coded with the lowest level for each attribute 

acting as the reference case. Following estimation of the categorical model the 

specification of timing and accuracy attributes were investigated by checking for 

between-level linearity using visual checks of plotted coefficients. 

 

The multinomial logit model provides a simple starting point for understanding the 

structure of preferences within DCEs and also benefits from requiring the smallest 

sample size of the models utilised within this thesis. However, a major limitation of the 

model is estimated parameters refer to the average preferences of the population and 

assume preferences are homogenous across all respondents. In response, after 

finalising the functional form of the utility function, a mixed logit (ML) model was 
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estimated to capture preference heterogeneity. Mixed logit models were estimated 

based on simulations using 1000 Halton draws and all attributes included as random 

parameters to account for unobserved variation in respondents’ preferences. All 

attributes were assumed to follow a normal distribution. This meant two parameters were 

estimated relating to each attribute; the mean and standard deviation of the distribution 

allowing the degree of preference heterogeneity surrounding each attribute parameter to 

be understood. Alternative model specifications were compared using likelihood-ratio 

tests.  

 

Further contextual information of the models used to analyse DCE data within this 

chapter is found in Chapter 2.  

 

Interpretation of findings 

 

Ex-post calculations using the 𝛽- coefficients from the choice models were used to aid 

interpretation of results and allow for easy comparison of preferences for testing at 

different cancer risk levels. Two measures were calculated: (a) Relative importance 

scores for each attribute; and (b) Marginal rates of substitution (MRS).  

 

Relative importance scores  

 

Relative importance scores consider how much an attribute contributes to the overall 

utility of a test relative to the other attributes included in the DCE. The steps to 

calculate attribute importance are as follows: 

 

1. Calculate the attribute utility range (i.e. utility of biggest level estimate – utility 

of smallest level estimate) 

2. Sum the utility ranges of all attributes 

3. Divide each attribute utility range by the total attribute utility range of all 

attributes 

Importance scores can range between 0 and 1, with a higher score indicating greater 

importance. Estimates are ratio-scaled, meaning comparison is straightforward (e.g. 
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an importance score of 0.2 indicates an attribute is twice as important as an attribute 

with an importance score of 0.1).  

The scores were calculated using mixed logit coefficients from each survey version. 

To control for uncertainty, final scores were the average of a simulation of 1000 Monte 

Carlo draws assuming β-coefficients followed a normal distribution. Confidence 

intervals were calculated based on 1.96 x standard error for each attribute importance 

score.  

 

Marginal rate of substitution (MRS) 

 

MRS represents how much more of one attribute respondents are willing to sacrifice 

in exchange for an improvement in another attribute. Time to diagnosis was chosen 

as the most appropriate numeraire, meaning estimates could be calculated by taking 

a ratio of the marginal utilities of each attribute/level and the parameter estimate for 

time to diagnosis. Results are interpreted as the number of additional months 

respondents are willing to wait for a diagnosis in exchange for a given improvement in 

the associated attribute. For example, 
𝛽8CommunicationFair

𝛽4Timing
  represents the additional 

length of time (in months) an individual would wait to receive their diagnosis in 

exchange for an improvement in communication from poor (dummy-coded base level) 

to fair.  MRS was calculated based on mixed logit coefficients. Confidence intervals 

were generated using the Delta method in Stata v17.  

 

Investigating differences in preferences based on the level of cancer risk  

 

To investigate differences in preferences between cancer risk levels (1%, 2%, 3%) a 

pooled MNL model which included interaction terms for the risk levels was estimated. 

Statistically significant interaction terms would indicate differing preferences towards 

ovarian cancer testing could not be ruled out. In contrast, insignificant interaction terms 

suggest preferences do not differ across the included risk levels.  

 

Sensitivity checks- response quality and validity 

Sensitivity checks were performed to assess the quality and validity of data. Firstly, 

the models were re-estimated with respondents who completed the survey in less than 
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10 minutes excluded. This lower time limit was specified based on the average 

completion time during piloting. 

 

Secondly, data were reanalysed with those who failed one or more of the rationality 

checks omitted. Estimates from sensitivity checks were compared to MNL results 

which included the full sample. Next, a logit model was estimated to investigate factors 

associated with the chance of failing validity questions and included explanatory 

variables such as completion time, self-reported task difficulty, education and choice 

certainty.  

 

Finally, subgroup analysis was performed to check for differences in MNL estimates 

between respondents based on the self-reported task difficulty.   

 

Heterogeneity in preferences for testing  

 

i. Subgroup analysis 

 

Subgroup analyses were performed to investigate the potential influence of specific 

sociodemographic characteristic of preferences for ovarian cancer testing. Subgroup 

analyses were based on MNL models and compared on the basis of MRS estimates 

(willingness to wait) using T-tests. MRS is a ratio calculation therefore potential 

differences in error variance between subgroups will be mitigated. Included subgroups 

were informed by the literature (Chapter 4) and are described in Table 7.1. 

Sociodemographic characteristics were informed by the systematic review described 

in Chapter 4. To control for the increased risk of type I error caused by performing 

multiple subgroup analyses. In total 12 subgroup tests were performed. Therefore, the 

critical value for statistical significance during t-tests was increased to 0.005 (i.e. 

0.05/11) (Wang et al., 2021).  

 

 

 

ii. Latent class analysis 
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A latent class logit model (Chapter 2) was used to further explore heterogeneity in 

preferences. The number of classes was determined by comparing models including 

between 2-6 classes and involved balancing goodness-of-fit based on model statistics 

(Akaike information criterion (AIC), Bayesian information criterion (BIC) and log-

likelihood) and ability to interpret the findings meaningfully. The sociodemographic 

characteristics described in Table 7.1 were also included to test the influence of 

individual characteristics on probability of class membership.  

 

Opt-out behaviour 

Analysis of opt-out behaviour was performed to help identify factors that may prevent 

people from undergoing testing for ovarian cancer.  Opt-out behaviour was modelled 

using a logistic regression where opting-out at least once was the dependent variable. 

Sociodemographic characteristics such as those in Table 7.1 were considered as 

explanatory variables alongside task-feedback factors such as task difficulty. 
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Table 7.1: Sociodemographic characteristics used to investigate preference heterogeneity 

 

7.3.6.2 Impact of diagnostic delays on survival 
 

To investigate how a potential relationship between time to diagnosis and survival 

may impact preferences, responses were compared across survey versions 3 and 4. 

In version 3, respondents were asked to assume time to diagnosis had no impact on 

the chance of survival, whereas in version 4 chance of survival was linked to the time 

to diagnosis and age of the respondent, as described in Chapter 6. As before, results 

were compared on the basis of attribute relative importance scores and willingness to 

wait estimates.   

 

Category Subgroups 

Age • 40-49yrs 

• 50-59yrs 

• 60+yrs 

Ethnicity • White 

• Non-white 

Education • Attended university 

• Did not attend university 

Self-reported health • Good health 

• Average/below good health 

Ovarian cancer testing experience • Previously tested 

• Never tested 

Know someone diagnosed with 
ovarian cancer 

• Yes 

• No 

Worried about ovarian cancer • Yes 

• No 

Current medical decision-making 
role 

• Active (Report having “a great deal” or “a lot” of input 
in medical decisions) 

• Passive (Report having a lesser role in medical 
decisions) 

Desired medical decision-making 
role 

• Active (Report wanting “a great deal” or “a lot” of 
input in medical decisions) 

• Passive (Report wanting a lesser role in medical 
decisions) 

Confidence in ability to recognise 
symptoms of ovarian cancer 

• Low 

• High 

Task difficulty • Very easy/easy 

• Neither difficult or easy 

• Very difficult/difficult 
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Demand for testing 

 

To further understand how the incorporation of survival might impact demand for 

different tests, choice shares for alternative test profiles were calculated. Analysis 

centred around whether a less accurate but quicker triage test is acceptable to 

patients. Specifically, choice share analysis compared demand for alternative test 

profiles with demand for the CA125 blood test, the current first-line test for people with 

vague symptoms of ovarian cancer in primary care (NICE, 2015).   

 

Transvaginal ultrasound (TVUS) or combined testing using concurrent TVUS and 

CA125 tests are two alternative approaches currently utilised by other countries and 

readily available potential alternatives to the sequential testing using the CA125, 

currently recommended by NICE (2015). Accuracy of the TVUS is currently unknown 

in a diagnostic primary care setting but is assumed to be greater than CA125 with 

screening trial results suggesting ~85% sensitivity in a non-symptomatic population 

(Menon et al., 2009). TVUS also benefits from broader diagnostic capabilities and is 

able to identify alternative conditions that may be the underlying cause of symptoms 

where cancer is not the cause (e.g. fibroids, cysts). However, waiting times for 

ultrasound scans are longer than a blood test performed in GP surgeries.  

 

The CA125 blood test was represented by a profile assuming a 77% (95% CI: (72.8–

80.8%) accuracy rate, ability to detect cancer only, 1-month diagnostic interval and fair 

communication. A 1 month diagnostic interval is an optimistic estimate based on the 

Faster Diagnostic Standard target (NHS England, 2016). Current diagnostic intervals 

are often longer meaning estimates represent the best-case scenario for the CA125 

test (Funston et al., 2020a; Lim et al., 2016). Given the differences in test-performance 

and survival, subgroup analysis of people under 50 years old was performed using an 

alternative CA125 profile which assumed a lower accuracy level of 62.5% (95% 

CI:51.0-73.1%) (Funston et al., 2020a). Since the accuracy of transvaginal ultrasound 

is unknown and waiting times are variable, scenario analysis compared demand 

between CA125 and tests with 85% or 95% accuracy. The new test was also able to 

identify alternative conditions. Communication was held constant (fair) across both 

tests.  
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Demand for competing test profiles in each scenario were estimated using the share 

of preference method (Hensher et al., 2005c):  

 

• Calculate the utility for each test profiles and no-test alternative you wish to compare 

by calculating the sum of the 𝛽-coefficients of the associated attribute levels  

• Exponentiate the total utility of each test 

• Divide each exponentiated test utility by the sum of all the test profiles exponentiated 

utilities to give the share of demand 

Confidence intervals for estimates were calculated using the delta method.  

 

7.4 Results 
 
 

In total, 610 women completed the DCE, responses from ten participants were 

removed due to failing the attention check questions (n=6) or stating indifference for 

all choice tasks (n=4) leaving a final sample size of 600 (150 respondents per version). 

Due to the nature of recruitment (open advertisement until sample size was fulfilled), 

response rates are not reported. In total, 451 (4.7% if all responses) indifference 

responses were received and 169 (28%) respondents indicated they were indifferent 

to the test alternatives in at least one task, these responses were coded as missing 

during the analysis relating to the current results.  

 

7.4.1 Participant characteristics 
 
Sociodemographic characteristics  

Table 7.2 shows key respondent characteristics across the four versions of the survey. 

No significant differences were found between respondents across the different survey 

versions.  

Medical knowledge, attitude and behaviours 

Respondents typically reported having little-to-moderate input in current medical 

decisions taking place during primary care consultations, however, the majority 
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desired an increased role in decisions (“Desired level of input in medical decisions”) 

(Table 7.3).  

Respondents were generally help-seeking, with approximately 75% of people 

indicating they would seek advice within 1 month of the onset perceived symptoms of 

ovarian cancer. However, the ability to recognise symptoms was a clear barrier as just 

11% of respondents reported feeling confident in their ability to recognise symptoms 

and familiarity with the five key symptoms ranged from 26% (loss of appetite) to 57% 

(constant bloating).  

Further responses relating to health history and attitude are summarised in Appendix 

7.1. Responses did not differ significantly between survey versions, with exception of 

knowing someone diagnosed with ovarian cancer which was significantly higher for 

respondents completing survey version 4. 
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Table 7.2: Sociodemographic characteristics of respondents across the 4 survey versions 

 Version 1 Version 2 Version 3 Version 4: p-value* 

Age 
Mean (SD) 
Range 

 
50.6 (8.3) 

40-73 

 
51.9 (8.6) 

40-75 

 
51.4 (7.7) 

40-70 

 
51.9(10.2) 

40-81 

 
0.54 

Ethnicity, n (%) 
White  
Other 
Prefer not to say 

 
140 

(93%) 
10 (7%) 

- 

 
143 

(95%) 
6 (4%) 
1 (1%) 

 
140 

(93%) 
10 (7%) 

- 

 
133 (89%) 
15 (10%) 
2 (1%) 

 
0.81 

Children, n (%) 
Mean (SD) 
Range 

 
1.62 (1.2) 

0-5 

 
1.6 (1.2) 

0-5 

 
1.32 (1.2) 

0-3 

 
1.65 (1.3) 

0-7 

 
0.48 

Relationship status, n (%) 
Single 
In a relationship 
Married/civil partnership 
Separated/divorce 
Widowed 
Prefer not to say  

 
12 (8%) 

34 (23%) 
81 (54%) 
19 (13%) 
3 (2%) 
1 (1%) 

 
23 (15%) 
21 (14%) 
88 (59%) 
14 (9%) 
3 (2%) 
1 (1%) 

 
24 (16%) 
32 (21%) 
69 (46%) 
15 (10%) 
9 (6%) 
1 (1%) 

 
21 (14%) 
26 (17%) 
78 (52%) 
14 (9%) 
8 (5%) 
3 (2%) 

 
0.79 

Education, n (%) 
No qualifications 
GCSE  
A-Level/ College 
Undergraduate 
Post-graduate/professional quals  
Other 
Prefer not to say 

 
0 (0%) 

31 (21%) 
20 (13%) 
57 (38%) 
33 (22%) 
9 (6%) 

- 

 
1 (1%) 

34 (23%) 
20 (13%) 
47 (31%) 
43 (28%) 
3 (2%) 
2 (1%) 

 
4 (3%) 

35 (23%) 
23 (15%) 
48 (32%) 
38 (25%) 
4 (3%) 

- 

 
2 (1%) 

37 (25%) 
32 (21%) 
41 (27%) 
36 (24%) 
1 (1%) 
1 (1%) 

 
0.47 

Employment, n (%) 
Employed, full-time  
Part-time  
Self-employed 
Not employed 
Retired  
Other 
Prefer not to say  

 
55 (37%) 
31 (21%) 
18 (12%) 
8 (5%) 
12 (8%) 

26 (17%) 
- 

 
46 (31%) 
27 (18%) 
23 (15%) 
11 (7%) 

21 (14%) 
21 (14%) 
1 (1%) 

 
55 (37%) 
30 (20%) 
22 (15%) 
12 (11%) 
9 (6%) 
17 (8%) 
5 (3%) 

 
40 (27%) 
31 (21%) 
25 (17%) 
6 (4%) 

25 (17%) 
22 (15%) 
1 (1%) 

 
0.36 

Household income, n (%) 
£0-9,999 
£10,000-19,999 
£20,000-29,999 
£30,000-39,999 
£40,000- 49,999 
£50,000- 59,999 
£60,000-69,999 
£70,000+ 
Prefer not to say 

 
5 (3%) 

20 (13%) 
27 (18%) 
21 (14%) 
27 (18%) 
9 (6%) 
8 (5%) 

22 (15%) 
11 (7%) 

 
6 (4%) 

28 (19%) 
28 (19%) 
25 (17%) 
18 (12%) 
7 (5%) 
11 (7%) 

16 (11%) 
11 (7%) 

 
3 (2%) 

24 (16%) 
23 (15%) 
26 (17%) 
17 (11%) 
20 (13%) 
3 (2%) 

18 (12%) 
16 (11%) 

 
5 (3%) 

28 (19%) 
23 (15%) 
21 (14%) 
13 (9%) 

19 (13%) 
9 (6%) 
12 (8%) 

20 (13%) 

 
0.47 

*p-value from ANOVA analysis to investigate differences in marginal rates of substitution between survey versions 
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Table 7.3: Responses to selected medical knowledge, attitude and behaviour questions across the 4 
survey versions 

 

 

 

 

 

 

 

 

 

 Version 1  Version 2  Version 3  Version 4 p-value* 

Confidence to recognise OC symptoms, n (%) 
1-Not at all 
2 
3 
4 
5-Extremely confident 

 
33 (22%) 
78 (52%) 
20 (13%) 
19 (13%) 

0 (0%) 

 
38 (25%) 
72 (48%) 
30 (20%) 
10 (7%) 
0 (0%) 

 
40 (27%) 
65 (43%) 
22 (15%) 
23 (15%) 
0 (0%) 

 
44 (29%) 
67 (45%) 
28 (19%) 
11 (7%) 
0 (0%) 

 
0.45 

Symptom recognition (ability to recognise main 
5 symptoms), n (%) 
Constant bloating 
Swollen abdomen 
Discomfort in the pelvis/abdomen 
Loss of appetite/ feeling full quickly 
Increased urinary urgency/ frequency 

 
 

91 (61%) 
81 (54%) 
59 (39%) 
39 (26%) 
48 (32%) 

 
 

87 (58%) 
93 (62%) 
62 (41%) 
41 (27%) 
45 (30%) 

 
 

76 (51%) 
79 (53%) 
62 (41%) 
35 (23%) 
41 (27%) 

 
 

85 (57%) 
87 (58%) 
58 (39%) 
40 (27%) 
43 (29%) 

 
 

0.35 
0.36 
0.95 
0.87 
0.84 

Length of time before consulting GP about OC 
symptoms, n (%) 
Immediately, no wait 
Up to 1 week 
1-2 weeks 
2-4 weeks 
More than a month 

 
 

19 (13%) 
25 (17%) 
31 (21%) 
28 (19%) 
47 (31%) 

 
 

22 (14%) 
28 (19%) 
29 (19%) 
36 (24%) 
35 (23%) 

 
 

20 (13%) 
27 (18%) 
34 (23%) 
38 (25%) 
38 (25%) 

 
 

17 (11%) 
33 (22%) 
30 (20%) 
32 (21%) 
38 (25%) 

 
0.75 

Current level of input in medical decisions, n 
(%) 
A great deal  
A lot  
A moderate amount  
A little  
Not at all  

 
 

15 (10%) 
28 (19%) 
57 (38%) 
43 (29%) 

7 (5%) 

 
 

13 (9%) 
33 (22%) 
54 (36%) 
38 (25%) 
12 (8%) 

 
 

12 (8%) 
22 (15%) 
61 (41%) 
43 (29%) 
12 (8%) 

 
 

17 (11%) 
22 (15%) 
54 (36%) 
45 (30%) 
12 (8%) 

 
 

0.63 

Desired level of input in medical decisions, n 
(%) 
A great deal  
A lot  
A moderate amount  
A little  
Not at all  

 
 

53 (35%) 
59 (39%) 
28 (19%) 
10 (7%) 
0 (0%) 

 
 

64 (43%) 
52 (35%) 
28 (19%) 
5 (3%) 
1 (1%) 

 
 

67 (45%) 
42 (28%) 
32 (21%) 
7 (5%) 
2 (1%) 

 
 

49 (33%) 
66 (44%) 
27 (18%) 
8 (5%) 
0 (0%) 

 
 

0.63 

*p-value from ANOVA analysis to investigate differences between survey versions 
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7.4.2 What is good communication? 
 
Responses to the open-ended question: “What does "good" communication from a 

doctor or healthcare provider mean to you?” were grouped thematically as shown in 

Figure 7.1. Responses revealed people most associated a doctor who listens well 

(149/600), describes things clearly (129/600) and allows the opportunity for questions 

to be asked and answered (116/600) with “good communication” during medical 

investigations. Many qualities are dependent on the intrapersonal skills of doctors or 

constraints of the medical system, however, some easily implementable 

improvements which were highly valued by participants were also identified including 

providing written information following verbal communication (4%; 24/600) and 

signposting available resources such as support groups and charities (11%; 65/600).
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Figure 7.1: Coded responses to the open-ended question: "What does "good" communication from a doctor or healthcare provider mean to you? 
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7.4.3 Ranking 
 
Figure 7.2 shows the frequency of ranking across survey versions and Figure 7.3 

shows the overall ranking for each attribute. Accuracy was ranked most important 

across all survey versions overall and communication was ranked consistently lowest. 

Timing and identifiable conditions scored similarly in terms of importance and varied 

between 2nd and 3rd place across survey versions.  
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Figure 7.2: Frequency of ranking for attributes across survey versions 1-4 
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7.4.4 Analysis of choice data 
 

7.4.4.1 Preferences towards ovarian cancer testing at different risk levels 
 

Multinomial and mixed logit results 

All attribute levels were initially categorically coded using dummy variables to assess 

the functional form (Appendix 7.2). Visual inspection of accuracy and time to diagnosis 

level parameters suggested both attributes followed a linear pattern (Appendix 7.3). 

Both attributes were therefore modelled as continuous linear attributes in all 

subsequent models.  

 

Table 7.4 shows the results of the individual MNL and ML models for 1%, 2% and 3% 

risk of cancer. All coefficients were statistically significant and the direction of 

preferences was as expected. The negative coefficient for the “neither test” ASC 

demonstrates that in general respondents had a strong preference for testing over no 

testing.  Improvements in communication lead to an increase in utility relative to the 

base level (poor) in each instance. Similarly, the ability to detect alternative conditions 

alongside ovarian cancer was preferred to a test that could detect ovarian cancer only. 

The time to diagnosis coefficient represents the change in utility for each additional 

Figure 7.3: Overall ranking of the attributes across survey versions 1-4 
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month between consultation and diagnosis and as expected was negative. Increased 

accuracy was positively associated with utility, with the parameter estimate interpreted 

as the increase in utility associated with a 1% increase in accuracy. 

 

Data from the three versions were pooled to investigate differences in preferences 

based on the symptom-based risk of cancer (Table 7.5). Model fit of the pooled model 

was assessed using a likelihood-ratio (LR) test comparing the pooled log-likelihood 

with the sum of the likelihoods from the three separate models and results suggested 

pooling data did not reduce model fit (-24.24, chi2 p-value= 0.86). All parameters 

associated with level of cancer risk were insignificant in the pooled interaction MNL 

model (Appendix 7.4) providing evidence that preferences for testing do not appear to 

vary according to the underlying chance of symptoms being the result of cancer.  

 

The mixed logit models demonstrated significant preference heterogeneity across 

respondents. For example, in the pooled ML model (Table 7.4) preferences varied 

significantly across individuals for all parameters with the exception of fair 

communication (as signalled by the non-significant distribution standard deviation). 

Most notably, the estimated parameter mean would suggest that respondents have a 

strong preference for testing as indicated by the large negative no test ASC. However, 

considering the magnitude of the standard deviation shows that 19% of respondents 

favour no testing8. The large shift in the opt-out coefficient between the MNL and ML 

specifications further highlights the presence of heterogeneity in opt-out preferences. 

Model results indicate there may be skewed data, specifically participant generally 

appear to exhibit a strong preference towards testing with a much smaller proportion 

of people having a very strong prerfence against testing. Exploration of alternative 

distributions when modelling opt-out behaviour is an area for future development. 

 

Overall, the importance of capturing such heterogeneity is demonstrated by the model 

performance with likelihood-ratio tests demonstrating the mixed logit model 

significantly outperformed MNL model across every survey version. Subsequent ex-

post calculations were therefore based on parameter estimates from the ML models.  

 

 
8 Based on a z-value of 0.886 (3.76/4.24)  
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Table 7.4: MNL and ML results for survey versions 1-3 

 
 
 
 

 Version1: 1% risk of cancer Version 2: 2% risk of cancer Version 3: 3% risk of cancer 

 MNL ML MNL ML MNL ML 

 Coeff Std error Mean 
(SE) 

Std dev Coeff Std error Mean 

(SE) 
Std dev Coeff Std error Mean 

(SE) 
Std dev 

Accuracy 

Per % 0.09*** 0.01    0.16*** 
   (0.01) 

0.08*** 0.10*** 0.01 0.23*** 
 (0.02) 

0.14*** 0.10*** 0.01 0.21*** 
 (0.02) 

0.12 

Timing 

Per month -0.37*** 0.04 -0.65*** 
 (0.07) 

0.58*** -0.34*** 0.03 -0.75*** 
 (0.08) 

0.57*** -0.41*** 0.04 -0.78*** 
 (0.08) 

0.71*** 

Identifiable conditions 

Cancer only Ref - Ref - Ref - Ref - Ref - Ref - 

Cancer plus 
additional related 
conditions 

0.77*** 0.07 1.18*** 
 (0.11) 

0.82*** 0.76*** 0.07 1.17*** 
 (0.14) 

1.08*** 0.71*** 0.09 1.21*** 
 (0.14) 

1.20*** 

Communication 

Poor Ref - Ref - Ref - Ref - Ref - Ref - 

Fair 0.74*** 0.08 1.13*** 
 (0.12) 

0.54*** 0.65*** 0.07 1.11*** 
 (0.12) 

0.17 0.69*** 0.08 1.22*** 
 (0.13) 

0.35 

Good 0.83*** 0.10 1.24*** 
 (0.14) 

0.72*** 0.94*** 0.10 1.48*** 
 (0.15) 

0.79*** 0.91*** 0.09 1.54*** 
 (0.15) 

0.67*** 

Neither test -0.58** 0.27 -5.02*** 
 (0.76) 

6.99*** -0.52** 0.26 -5.00*** 
 (0.96) 

4.79*** -0.63** 0.26 -3.29*** 
 (0.54) 

3.40*** 

Model fit statistics 

LL -1529.13 -1224.43 -1451.86 -1086.53 -1462.00 -1101.34 

LR test (ML vs MNL) -      609.40***  - 728.94***  - 721.32*** 

Observations 6,840 6,840 6,918 6,918 6,840 6,840 

N 150 150 150 150 150 150 

Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% confidence level 
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Table 7.5: MNL and ML results for pooled data (versions 1-3) 

 
 Pooled-MNL Pooled-ML 

 
Coeff Std error 

MRS 
(95% CI) 

Mean (SE) SD 
MRS 

(95% CI) 

Accuracy 

Per % 
0.10*** 0.00 

0.26 
(0.23–0.29) 

0.19*** 
(0.05) 

  0.11*** 
0.28 

(0.25–0.31) 

Timing 

Per month 
-0.37*** 0.02 

- 
-0.68*** 

(0.04) 
  0.62*** - 

Identifiable conditions 

Cancer only Ref - - Ref - - 

Cancer plus additional related 
conditions 

0.74*** 0.04 
2.02 

(1.69–2.35) 
1.15*** 
(0.08) 

  0.96*** 
1.70 

(1.45–1.96) 

Communication 

Poor Ref - - Ref - - 

Fair 0.70*** 0.04 
1.89 

(1.59–2.19) 
1.13*** 
(0.07) 

0.23 
1.67 

(1.44–1.90) 

Good 0.89*** 0.06 
2.41 

(2.02–2.80) 
1.37*** 
(0.08) 

   0.78*** 
2.02 

(1.74–2.30) 

Neither test -0.58*** 0.15 - 
-3.76*** 

(0.40) 
  4.24*** - 

Model fit statistics 

LL -4455.11 -3432.17 
LR test (ML vs MNL) -     2045.86*** 

Observations 20,598 20,598 
N 450 450 

Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% confidence level 
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Interpreting findings  

 

i. Relative importance scores 

 

Relative importance scores for each risk level and the pooled model are shown in 

Figure 7.4. No evidence of significant differences in estimates between survey 

versions was found, further demonstrating the high level of concordance between 

preferences for testing at different risk levels. In all instances, accuracy was deemed 

most important with a score of approximately 0.5. Time to diagnosis was considered 

second most important across all models with scores around 0.2. Communication and 

identifiable conditions were estimated to be of similar performance with scores of 

around 0.14 and 0.13, respectively.  

 
 
 
Figure 7.4: Relative importance scores of attributes across survey versions 1-3 
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ii. Marginal rates of substitution 

 

Marginal rates of substitution using time to diagnosis as the numeraire are shown in 

Table 7.6. Estimates represent the number of additional months women would be 

willing to wait for a diagnosis in exchange for an improvement in each attribute as 

compared to the base level. For example, based on the pooled ML model, for a 10% 

improvement in accuracy, women would be prepared to wait an extra 2.8 months 

(Table 7.5). Alternatively, women would be prepared to wait an extra 1.7 months to 

receive fair communication as opposed to poor communication throughout the testing 

process, however, the distinction between fair and good communication is much less 

important and women would only wait an addition 0.35 months for a further 

improvement. 

 
Table 7.6: Marginal rates of substitution for survey versions 1-3 based on estimates from mixed logit 
models.  

 

 

 

 

 

 

 Version 1: 
1% cancer 

risk 

Version 2: 
2% cancer 

risk 

Version 3: 
3% cancer 

risk 

p-value* 

Accuracy 

Per 1% 0.25 
(0.20–0.29) 

0.30 
(0.25–0.36) 

0.29 
(0.22–0.33) 

0.36 

Identifiable conditions 

Cancer only - 
 

- 
 

- 
 

- 
 

Cancer plus additional related 
conditions 

1.82 
(1.38–2.27) 

1.56 
(1.15–1.97) 

1.55 
(1.16–1.95) 

0.60 

Communication 

Poor - - - - 
 

Fair 1.75 
(1.33–2.17) 

1.48 
(1.12–1.84) 

1.57 
(1.19–1.95) 

0.62 

Good 1.92 
(1.42–2.41) 

1.97 
(1.51–2.43) 

1.99 
(1.53–2.44) 

0.98 

*p-value from ANOVA analysis to investigate differences in marginal rates of substitution between 
survey versions 
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Sensitivity checks- evaluating the quality of responses 

 

i. Response times 

 

The total completion time ranged from 7-78 minutes, with a median time of 17 mins 

33 secs. Sixteen respondents completed the survey in under 10 minutes. Sensitivity 

analysis found no differences in parameter estimates when excluding individuals in 

this time (Appendix 7.5).  

 

ii. Rationality checks 

 

Results from the rationality checks are shown in Table 7.7. Overall, failures of the 

monotonicity (6/450; 1%) and transitivity (8/450; 2%) checks were low. No 

respondents displayed flat-lining behaviour (i.e. consistently choosing an alternative 

in the same position). However, 23% (102/450) of respondents displayed unstable 

results throughout the choice experiment by changing responses across repeated 

choice tasks. Significant differences in model estimates were found when removing 

those who failed a rationality check from estimations (Appendix 7.6), specifically those 

who failed rationality checks exhibited a decreased emphasis on accuracy but overall 

estimates were comparable in terms of direction, significance and overall importance 

rankings. Logistic regression was used to identify the relationship between failing one 

or more rationality checks and respondent characteristics. Increased choice certainty 

was associated with a small but significant reduction in the chance of failing rationality 

checks and higher education approximately halved the likelihood of failing checks 

(OR=0.55, p= 0.01). However, completion time and self-reported task difficulty had no 

impact (Appendix 7.7).  

 

iii. Task difficulty 

 

The perceived difficulty of the task was diverse. Thirty-six percent of individuals rating 

the task as very easy or easy whilst almost an equal proportion reported finding the 

task very difficult or difficult (35%). Results from models stratified according to task 
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difficulty were similar in terms differences were found when comparing communication 

coefficients (Table 7.8).  

 

In general, the direction and significance of model estimates was consistent across all 

sensitivity checks; therefore no responses were removed during the final estimation of 

models. Three respondents failed the unrelated attention check questions placed 

throughout the survey and were removed from the analysis. 

 

 
Table 7.7: Failure of the rationality check questions across survey versions 1-3 

 Version 1: 
1% cancer 

risk 

Version 2: 
2% cancer 

risk 

Version 3: 
3% cancer 

risk 

Overall 

Monotonicity failures 0/150 (0%) 0/150 (2%) 3/150 (2%) 3/450 (<1%) 

Transitivity failures 5/150 (3%) 3/150 (0%) 0/150 (0%) 8/450 (2%) 

Stability failures 36/150 (24%) 36/150 (24%) 30/150 (20%) 
102/450 
(23%) 

Flat-lining 0/150 (0%) 0/150 (0%) 0/150 (0%) 0/150 (0%) 

 

 

Preference heterogeneity- investigating the role of sociodemographic characteristics 

 

Evidence from the mixed logit models suggested significant heterogeneity in 

preference across respondents in the study. Heterogeneity in preferences according 

to sociodemographic characteristics was investigated in two ways: (i) subgroup 

analyses using MNL models; (ii) latent-class logit model. Stable preferences across 

cancer risk levels allowed the data from versions 1-3 to be pooled to maximise the 

sample size.  

 

i. Subgroup analyses 

 

The results of the subgroup analyses performed using MNL models are shown in 

Table 7.8. Subgroup analysis revealed very few differences willingness to wait in 

improvements in other attributes. However, people who knew someone diagnosed 

with cancer were willing to wait 0.56 months longer for a diagnosis in comparison with 
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did not know anyone with the disease in exchange for a test that could identify multiple 

conditions. 

 

ii. Latent class model 

 

Model statistics suggested a six-class model provided the best fit for data but would 

also result in a number of small classes (<5% of the population) (Appendix 7.8). 

Instead, a five-class model was selected based on a parsimonious approach, 

balancing the level of detail with the interpretability of results given the sample size. 

Results of the final model are shown in Table 7.9. The model utilised dummy-coding 

with all sociodemographic characteristics interpreted relative to the fifth class. Mean 

attribute importance scores were calculated based on model coefficients are shown in 

Figure 7.5. Test accuracy remained the most important attribute across all classes. 

However, variations in the order and magnitude of importance of the remaining 

attributes demonstrated differences in preferences and decision-making style across 

classes.  

 

Class 1: Accuracy maximisers (45.2%) 

Responses in this class are characterised by the overwhelming importance placed on 

test accuracy, which was considered over 50% more important than the second most 

prioritised attribute, time to diagnosis. The probability of belonging to this class was 

the highest estimated within the model at 45%. As a result, these results strongly 

reflect the sample-level results presented in the previous sections. Responses in this 

class were significantly more likely to be from paritcipants who identified as white. 

University attendance was weakly associated with class membership.  

 

Class 2: Test sceptics (6.1%) 

Class 2 had the lowest membership probability. Responses in this class were more 

likely to belong to women who selected the opt-out alternative during the experiment 

and demonstrated a strong preference against the tests presented within the choice 

tasks as demonstrated by the large opt-out ASC. The close range of importance of all 

attributes may indicate that all aspects of a test must meet a high standard for these 

individuals to be happy to undergo testing. Individuals in this class are more likely to 
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want an active role in medical decision-making. This may also explain the 

comparatively high level of importance placed on communication throughout the 

testing process within this class. This group were less likely to report being in good or 

very good health. 

 

Class 3: Experience maximising traders (19.6%) 

Despite remaining most important, accuracy appeared to be less of a concern for this 

group in comparison to other classes. Instead, this group valued communication and 

identifiable conditions higher than any other class. Oppositely, time to diagnosis was 

comparatively less prioritised by this class. This suggests this class value the overall 

service and experience of testing and were more willing to balance all aspects of 

testing. Class 3 was also associated with a large negative neither test ASC indicating 

a strong preference towards testing. There were no sociodemographic associations 

with membership for this class.  

 

Class 4: Accuracy-conscious hesitant testers (10.3%) 

Class 4 was the second smallest preference class, with a membership probability of 

10.3%. Membership was associated with a large positive opt-out coefficient 

suggesting a tendency against testing. Accuracy was the most important attribute by 

a significant margin. The overall order of attribute importance followed the population-

level findings. Sociodemographic associations with preferences were limited for this 

class with only increased confidence in ability to recognise symptoms being weakly 

associated with class membership. 

 

Class 5: Time-conscious satisficisers (22.9%) 

The probability of belonging to this class was the second highest identified within the 

model. This class demonstrated the largest preference towards testing, demonstrated 

by the large negative opt-out ASC. This group placed the largest importance on timing 

of all the classes by a significant margin. Increased importance of time to diagnosis, 

appeared to come as a result of sacrifices in terms of test accuracy, suggesting this 

class may take a satisficing approach to decision-making, a pragmatic approach, 

whereby individuals seek to obtain a satisfactory or “good enough” (according to a 

minimum standard) test available in in a reasonable time frame.  
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Opt-out behaviour 

 

In total, the “neither test” alternative was chosen in 394 tasks (5%) by 127 

respondents. Logistic regression found individuals who reported experiencing a 

moderate-high level of anxiety about ovarian cancer and those who reported being 

good or very good health were approximately 50% (OR=0.56) less likely to select the 

opt-out alternative. Compared to those who were not working, being employed also 

reduced the odds of opting for no testing but to a slightly lesser degree (OR=0.62). 

Despite the large number of sociodemographic characteristics hypothesised to impact 

opt-out behaviour, no other factors were found to be significant (Appendix 7.9).
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Table 7.8: Results of subgroup analysis estimated using multinomial logit models and pooled data 
from survey versions 1-3. Results demonstrate the willingness to wait for a diagnosis in exchange for 
an improvement in the remaining attributes.  

 
 

Subgroup n Accuracy Identifiable conditions Communication 

  Per % Cancer only 
Related 

conditions 
Poor Fair Good 

Age* 

40-49yrs 235 
0.26*** 

(0.22–0.30) 
- 

2.14*** 
(1.65–2.63) 

- 
1.87*** 

(1.45–2.29) 
2.27*** 

(1.74–2.79) 

50-59yrs 150 
0.25*** 

(0.20–0.30) 
- 

1.64*** 
(1.15–2.12) 

- 
1.68*** 

(1.23–2.12) 
2.31*** 

(1.70–2.93) 

60+ 65 
0.31*** 

(0.21–0.41) 
- 

2.60*** 
(1.50–3.71) 

- 
2.64*** 

(1.61–3.67) 
3.33*** 

(1.91–4.75) 

Ethnicity 

White 423 
0.32*** 

(0.28–0.36) 
- 

2.76*** 
(2.34–3.17) 

- 
2.51*** 

(2.16–2.86) 
3.31*** 

(2.83–3.78) 

Non-white 27 
0.21*** 

(0.12–0.30) 
- 

0.77*** 
(0.34–1.88) 

- 
1.65*** 

(0.52–2.77) 
2.13*** 

(0.90–3.36) 

 University 

Yes 274 
0.28*** 

(0.24–0.33) 
- 

1.93*** 
(1.52–2.33) 

- 
1.76*** 

(1.39–2.13) 
2.16*** 

(1.68–2.63) 

No 176 
0.23*** 

(0.19–0.27) 
- 

2.09*** 
(1.55–2.65) 

- 
2.05*** 

(1.57–2.54) 
2.71*** 

(2.06–3.35) 

Self-reported health  

Good health 310 
0.28*** 

(0.24–0.32) 
- 

2.06*** 
(1.63–2.50) 

- 
1.80*** 

(1.43–2.17) 
2.27*** 

(1.79–2.75) 

Average or below good 140 
0.23*** 

(0.18–0.27) 
- 

1.86*** 
(1.33–2.38) 

- 
1.77*** 

(1.29–2.25) 
2.52*** 

(1.86–3.18) 

Previously tested for ovarian cancer 

Yes 34 
0.20*** 

(0.12–0.29) 
- 

1.64*** 
(0.71–2.58) 

- 
1.85*** 

(0.83–2.88) 
2.01*** 

(0.82–3.19) 

No 416 
0.27*** 

(0.24–0.30) 
- 

2.06*** 
(1.70–2.41) 

- 
1.90*** 

(1.59–2.21) 
2.45*** 

(2.04–2.86) 

Know someone diagnosed with ovarian cancer 

Yes 73 
0.28*** 

(0.19–0.37) 
- 

2.49*** 
(1.45–3.53) 

- 
1.91*** 

(1.11–2.71) 
2.45*** 

(1.41–3.49) 

No 377 
0.26*** 

(0.23–0.29) 
- 

1.93*** 
(1.58–2.28) 

- 
1.89*** 

(1.57–2.21) 
2.40*** 

(1.98–2.82) 

Current role in medical decision-making 

Active 123 
0.28*** 

(0.24–0.31) 
- 

2.23*** 
(1.81–2.64) 

- 
1.97*** 

(1.62–2.31) 
2.51*** 

(2.04–2.99) 

Passive 327 
0.23*** 

(0.18–0.28) 
- 

1.50*** 
(0.95–2.05) 

- 
1.72*** 

(1.14–2.29) 
2.16*** 

(1.48–2.83) 

Desired role in medical decision-making 

Active 337 
0.25*** 

(0.19–0.31) 
- 

1.85*** 
(1.23–2.47) 

- 
1.74*** 

(1.16–2.31) 
2.56*** 

(1.71–3.40) 

Passive 113 
0.27*** 

(0.23–0.30) 
- 

2.07*** 
(1.68–2.47) 

- 
1.92*** 

(1.57–2.26) 
2.34*** 

(1.90–2.77) 

Worried about ovarian cancer 

Yes 316 
0.29*** 

(0.23–0.36) 
- 

2.18*** 
(1.48–2.88) 

- 
1.90*** 

(1.30–2.50) 
2.21*** 

(1.49–2.93) 

No 134 
0.25*** 

(0.22–0.28) 
- 

1.96*** 
(1.58–2.34) 

- 
1.89*** 

(1.55–2.23) 
2.48*** 

(2.02–2.95) 

Confidence in ability to recognise symptoms of OC 

Low 325 
0.28*** 

(0.19–0.38) 
- 

2.46*** 
(1.45–3.46) 

- 
2.55*** 

(1.50–3.60) 
3.63*** 

(1.96–5.31) 

High 125 
0.26*** 

(0.23–0.29) 
- 

1.97*** 
(1.61–2.32) 

- 
1.81*** 

(1.50–2.12) 
2.26*** 

(1.87–2.65) 

Task difficulty * 

Very easy/easy 162 
0.26*** 

(0.21–0.30) 
- 

1.78*** 
(1.28–2.28) 

- 
1.61*** 

(1.14–2.08) 
2.11*** 

(1.53–2.69) 

Neither easy or difficult 115 
0.25*** 

(0.19–0.31) 
- 

1.94*** 
(1.30–2.59) 

- 
2.21*** 

(1.58–2.83) 
2.83*** 

(1.98–3.67) 

Very difficult/difficult 173 
0.28*** 

(0.23–0.33) 
- 

2.29*** 
(1.69–2.90) 

- 
1.95*** 

(1.75–3.06) 
2.42*** 

(1.75–3.06) 

*Differences between subgroups was assessed using ANOVA. 
 Key:  significant differences at 95% confidence level according to individual sample t-test 
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Table 7.9: Results of latent class logit regression used to assess preference heterogeneity using pooled data from survey versions 1-3 

 
 Class 1 Class 2 Class 3 Class 4 Class 5 

Attributes  Coefficient SE Coefficient SE Coefficient SE Coefficient SE Coefficient SE 

Accuracy           

Per % 0.21*** 0.01 0.08*** 0.01 0.05*** 0.01 0.20*** 0.01 0.10*** 0.01 

Time to diagnosis           

Per 1 month wait -0.27*** 0.07 -0.40*** 0.08 -0.25*** 0.04 -0.94*** 0.09 -1.04*** 0.08 

Identifiable conditions           

Cancer only - - - - - - - - - - 

Additional conditions 0.74*** 0.07 1.27*** 0.20 1.37*** 0.10 0.82*** 0.18 0.41*** 0.12 

Communication           

Poor - - - - - - - - - - 

Fair 0.35*** 0.11 1.56*** 0.26 1.28*** 0.11 1.62*** 0.24 0.67*** 0.13 

Good 0.53*** 0.11 2.44*** 0.27 1.61*** 0.13 1.90*** 0.30 0.99*** 0.16 

Neither test -1.71*** 0.41 2.95*** 0.36 -2.21*** 0.38 2.24*** 0.38 -4.21*** 0.43 

Class probability model   

White 1.96*** 0.65    0.13 0.86 0.93 0.68    -0.15 0.59 - - 

University   0.54* 0.30   -0.41 0.49 -0.44 0.36     0.55 0.44 - - 

Good health   0.12 0.32 -0.98** 0.49 0.10 0.38    -0.27 0.44 - - 

Confidence in ability to recognise symptoms   0.99 0.64    0.30 0.97 1.13 0.69 1.39* 0.74 - - 

Want active role in decision-making   0.31 0.32 1.33** 0.67 0.25 0.38    0.35 0.46 - - 
Constant  -1.70 0.74   -1.54 1.06 -0.94 0.79   -1.03 0.77 - - 

Class probabilities  

 45.2% 6.1% 19.6% 10.3% 18.9% 

Model fit statistics  

Log-likelihood -3406.56  

AIC 6931.12  
BIC 7173.44  
CAIC 7137.80  
Key: ***significant at 99% confidence level;  **significant at 95% confidence level; *significant at 90% confidence level  
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7.4.4.2 How does incorporating survival impact preferences for ovarian cancer 

testing? 

 

MNL and ML model coefficients for version 4 are shown in Table 7.10. Linking delays 

in diagnosis to a decrease in survival led to significant changes in preferences. The 

relative importance of time to diagnosis increased 65.3% from 0.22 to 0.36. Accuracy 

remained the most important attribute, however, relative importance was reduced from 

0.52 to 0.44. Further reductions in the importance of identifiable conditions and 

communication came as a consequence of increased emphasis on time to diagnosis 

(Figure 7.6).  

 

Willingness to wait estimates further highlight the shift in preferences. Willingness to 

wait for improvements to identifiable conditions and communication are capped at 1 

month or less. Willingness to wait in exchange for improvements in accuracy was also 

0 0.1 0.2 0.3 0.4 0.5 0.6

Accuracy

Time to diagnosis

Identifiable conditions

Communication

Mean relative importance score

Class 1 Class 2 Class 3 Class 4 Class 5

Figure 7.5: Relative importance scores of attributes for the four latent classes identified during exploration of 
preference heterogeneity 
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much lower, for instance, for a 10% improvement in accuracy women were now willing 

to wait 1.2 months (95% CI: 1.1-1.4 months) compared to 2.8 (95% CI: 2.5-3.1) months 

when survival is not affected (Table 7.6).  

 

 

Demand for testing - scenario analysis 

  

Results of the choice share scenario analysis are shown in Figure 7.7. The grey lines 

represent the share of demand for current testing procedures using the CA125 as the 

first line testing option. The pink line represents demand for a new alternative test 

aiming to explore the demand for first-line testing using TVUS. The blue line 

represents the proportion of people who would opt to have no test as the diagnostic 

interval associated with the alternative test increased. The shaded areas represent 

variation in demand based on the 95% confidence interval for CA125 sensitivity taken 

from Funston et al. (2020a). Where waiting does not impact survival (Figure 7.7.1 and 

7.7.3), testing rates were high and most women expressed a strong preference 

towards a more accurate test even where diagnostic intervals were long. For a test 

with accuracy of 95% over 50% of women would rather wait 6 months for a diagnosis 

but receive a more accurate test rather than receive the less accurate, faster 

alternative. When asked to consider survival, demand for the more accurate test is 

initially strong, however, the quicker but less accurate CA125 test is preferred by the 

majority of women once the diagnostic interval of the new test extends beyond 2-3.5 

months, respective to accuracy (Figure 7.7.2 and 7.7.4).  

 

For respondents under 50, when assuming the diagnostic interval has no impact on 

survival, demand for an alternative, more accurate and broader test is strong. Even 

where diagnostic intervals reach 6 months, 65% (CI:48-75%) would prefer to wait for 

the alternative test with 85% accuracy and this proportion increases to 76% (CI: 65-

83%) where the accuracy of the alternative test is 95% (Figure 7.8.1 and 7.8.3). The 

introduction of mortality associated within longer diagnostic intervals, increases the 

demand for a faster diagnosis, however, demand for the existing CA125 test only 

becomes dominant once waiting times for the alternative test exceed 4-5.5 months, 

dependent on the accuracy of the alternative test (Figure 7.8.2 and 7.8.4).  
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Table 7.10: Results of multinomial logit and mixed logit models used to analyse DCE version 4 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 MNL ML 

 Coeff Std error MRS 
 (95% CI) 

Mean (SE) SD MRS 
 (95% CI) 

Accuracy 

Per % 0.10*** 0.01 
0.12 

(0.11-0.13) 
0.15*** 

    (0.09) 
0.08*** 

0.12 
(0.11-0.14) 

Timing 

Per month -0.80*** 0.06 - -1.28*** 
     (0.08) 

0.64*** - 

Identifiable conditions 

Cancer only Ref - - Ref - - 

Cancer plus 
additional related 
conditions 

0.48*** 0.07 0.60 
(0.41-0.78) 

0.60*** 
    (0.10) 

0.68*** 0.47 
(0.32-0.62) 

Communication 

Poor Ref - - Ref - - 

Fair 0.60*** 0.08 0.75 
(0.52-1.10) 

0.88*** 
    (0.11) 

0.17 0.69 
(0.52-0.85) 

Good 0.88*** 0.10 1.10 
(0.85-1.35) 

1.20*** 
    (0.12) 

0.17 0.94 
(0.74-1.13) 

Neither test -1.01*** 0.21 - -3.60*** 
    (0.48) 

3.61*** - 

Model fit statistics 

LL -1503.66 -1211.98 
LR test (ML vs MNL) - 583.38*** 
Observations 7,053 7,053 
N 150 150 
Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% confidence level 
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Figure 7.6: Relative importance scores from survey versions 3 and versions 4. Comparison of the 
importance of attribute when the time of diagnosis has differing impacts on the chance of survival 
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Figure 7.7: Share of demand analysis for the whole population based on estimates from DCE versions 3 and 4.  

Fig 7.7.3: Time to diagnosis has no impact on survival.  
Comparator test in 95% accurate  

Fig 7.7.1: Time to diagnosis has no impact on survival.  
Comparator test in 85% accurate  

Fig 7.7.2: Time to diagnosis impacts survival.  
Comparator test in 85% accurate  
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Fig 7. 7.4: Time to diagnosis impacts survival.  
Comparator test in 95% accurate  

Graphs show the demand for current testing (CA125 in grey) compared to an alternative test which is more accurate but associated with longer waiting times. 
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Figure 7.8: Under 50s subgroup share of demand analysis results based on estimates from survey versions 3 and 4.  

Fig 7.8.3: Time to diagnosis has no impact on survival.  
Comparator test in 95% accurate  

Fig 7.8.1: Time to diagnosis has no impact on survival.  
Comparator test in 85% accurate  

Fig 7.8.2: Time to diagnosis impacts survival.  
Comparator test in 85% accurate  
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Fig 7.8.4: Time to diagnosis impacts survival.  
Comparator test in 95% accurate  

Graphs show the demand for current testing (CA125 in grey) compared to an alternative test which is more accurate but associated with longer waiting times. 
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7.5 Discussion 
 

7.5.1 Key findings 
 

This study provides important information on the value of different attributes relating 

to testing patients with symptoms of ovarian cancer presenting in primary care. 

Overall, demand for testing remained consistently high, even where symptoms 

suggested a low risk of cancer (1%) with the no-test alternative representing just 5% 

of responses. The study identified that if experiencing symptoms associated with 

possible ovarian cancer, women consistently valued test accuracy regardless of 

symptom severity. Time to diagnosis was found to be second most important attribute 

to respondents and communication throughout the testing process was rated third in 

importance on average. Identifiable conditions scored similarly in terms of attribute 

importance score but overall was considered least important despite the level of 

cancer risk suggesting symptoms were almost certainly the consequence of an 

alternative condition given the maximum risk level described to respondents was 3% 

(i.e. 97% of people would have an alternative condition/reason for their symptoms). 

These findings remained consistent irrespective of the underlying level of cancer risk 

described to respondents in terms of symptoms.  

 

The relative importance of attributes shifted once the relationship between delayed 

diagnosis and chance of survival was introduced. As expected, time to diagnosis 

became increasingly important, whilst the importance of remaining attributes 

decreased. However, the overall order of prioritisation remained constant across all 

survey versions, with accuracy being valued most highly.  

 

Choice share scenario analysis demonstrated demand for an alternative testing 

strategy to the quick but less accurate CA125 blood test was preferred by a large 

proportion of people even when the best-case scenario of a 1-month diagnostic 

interval was assumed. For example, over 50% people would prefer to wait more than 

3 months for a test that was 95% accurate and could identify alternative conditions 

even when this had a significant impact on the chance of survival for those with ovarian 

cancer.  
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Mixed logit model estimates highlighted significant heterogeneity in preferences 

across respondents which was further investigated using subgroup analysis and latent 

class modelling. Latent class analysis results grouped respondents in to five distinct 

preference classes, each with different associated relative attribute importance scores 

and marginal rates of substitution. However, despite these variations, accuracy 

remained the most important attribute in all classes overall. A limited number of 

sociodemographic characteristics were associated with the likelihood of belonging to 

preferences classes; however, sociodemographic associations were limited and weak 

suggesting preferences around testing may be less systematic and are instead more 

intrinsically driven, relating to more latent beliefs and/or experiences of each 

individual.  

 

Low failure rates of the embedded attention check questions (n=6) and high pass rates 

for the monotonicity (1%) and transitivity (2%) rationality checks indicate high internal 

validity.  Instability in preferences across the study were common but in line with 

similar studies, with some previous DCEs citing instability rates as high as 81% 

(Johnson et al., 2019). These ‘failures’ mirror behaviour observed during the think-

aloud pilot study, where participants appeared to adapt and change their preferences 

as they progressed through the survey as they became more familiar with the task and 

their preferences towards a previously unfamiliar topic became more established.  

 

7.5.2 Key implications 
 
The study provides an insight into women’s preferences towards many aspects of 

ovarian cancer that continue to be debated as outlined in earlier in the thesis, it is 

important to acknowledge the strong preferences for fast and quick testing at all risk 

levels means policy recommendations on preference-based studies alone are unlikely 

to be feasible in any health system. Instead, results can help guide and motivate 

guideline revisions if/when they occur to ensure diagnostic guidance is optimised 

according to patient preference to increase satisfaction and adherence wherever 

feasible.   
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7.5.2.1 The accuracy-timing trade-off  

 
The DCE was motivated by the lack of evidence surrounding preferences towards 

cancer testing in diagnostic settings. Ovarian cancer was selected as an exemplar 

cancer site at the outset of thesis to explore the extent to which DCEs can inform a 

key policy question for investigative testing for many cancers; namely, the trade-off 

between a quick and accessible but less accurate test (CA125) versus a slower test 

with increased accuracy (TVUS).  

 

During the process of designing and implementing the DCE new research 

demonstrated CA125 testing performs better than previously anticipated (Funston et 

al., 2020a). Outstanding uncertainties regarding the test characteristics of TVUS mean 

it is now unclear whether TVUS provides greater accuracy.  As a result, any 

interpretation of results in terms of directly comparing the use of the two tests are 

tentative, although results are still useful in guiding clinical practice and policymaking 

as further evidence on the test performance of both tests continues to emerge. 

Additionally, the use of a generic, unlabelled approach to the DCE means results still 

offer valuable insights into preferences surrounding ovarian cancer beyond the choice 

between CA125 and TVUS and has implications for cancer testing more broadly given 

the current lack of preference-based studies in this area. 

 

7.5.2.2 Preference for testing even when symptoms vague 

 

Respondents expressed willingness to be tested even where symptoms were vague 

(e.g. abdominal pain, loss of appetite) and indicated just 1% risk of ovarian cancer. 

Since the completion of this study, newly published evidence suggests the resource 

implications of reducing the current urgent referral guidelines to include those with 

symptoms indicative of a 2% risk of cancer would be modest and manageable within 

the NHS (Moore et al., 2021). The consistent prioritisation of fast and accurate results 

regardless of risks within this study suggests patients would respond favourably to 

lowering the threshold for urgent referral. While under the current system, findings 

highlight the value of access to testing in primary care amongst low-risk groups. 

Current guidance recommends the use of CA125 in patients experiencing at least one 

of four “low risk” (<3% PPV) symptoms (abdominal distension, early satiety or loss of 
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appetite, pelvic/abdominal pain, increased urination or urinary urgency) on a persistent 

or frequent basis (NICE, 2015). Findings from this DCE suggest extending the list of 

qualifying symptoms based on a predictive value as low as 1% would better serve the 

preferences of patients. Explicitly expanding qualifying symptoms may also increase 

GP awareness and recognition of symptoms. Demand for testing at low risk levels also 

has implications for several other cancers where primary care tests are available (e.g. 

PSA for prostate cancer and faecal testing for colorectal cancer), particularly regarding 

who and when to test.  

 

7.5.2.3 Sequential versus concurrent testing 

 

NICE guidance currently advocates sequential testing requiring abnormal CA125 and 

TVUS results prior to referral (NICE, 2015). The motivation for such processes are 

likely to be resource-driven, aiming to manage costs and reduce waiting times for 

patients with the highest risks. However, from a patient perspective, the current 

diagnostic pathway appears sub-optimal. Sequential testing is likely to increase the 

diagnostic interval (particularly as waiting times for imaging have increased following 

Covid-19) and decrease the sensitivity of testing. On the other hand, sequential testing 

is likely = to reduce the number of false positive results and unnecessary follow up 

testing, and therefore increase the specificity of testing. However, specificity was not 

prioritised by the target population within the development stages, so much so that it 

was not included as a final attribute within this study. A finding echoed by existing 

DCEs in cancer testing which found specificity was rarely the most important 

characteristic (Chapter 4).  Alternative diagnostic strategies such as concurrent testing 

using CA125 and TVUS with referral recommendations based on abnormal findings 

from either test or direct referral following CA125 testing appear to better align with 

women preferences by increasing sensitivity and reducing overall time to diagnosis. 

Both alternatives appear to be clinically feasible given their use in other healthcare 

systems (Funston et al., 2019; SIGN, 2018) and based on latest evidence suggesting 

results from CA125 alone sufficiently can exceed the 3% PPV threshold for urgent 

referral at appropriate threshold cut points (Funston et al., 2020a).  
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7.5.2.4 The importance of tailoring policy to the different groups 

 

Whilst evidence suggests CA125 testing is sensitive to ovarian cancer in those over 

50, for younger patients test performance is reduced around 65% sensitivity (Funston 

et al., 2020a). The high importance placed on accuracy within this this study meant 

that younger patients exhibited higher willingness to wait for more accurate results 

despite the consequences for survival. This finding suggests that whilst first-line 

CA125 may be most appropriate for those over 50, who also represent the group most 

likely to be diagnosed with ovarian cancer (NHS UK, 2020). An alternative approach, 

using TVUS may accommodate the preferences of younger patients. Given the lower 

prevalence of ovarian cancer within this population, first-line testing using TVUS also 

provides an additional benefit of identifying other causes of gynaecological symptoms 

(although DCE results find this to be of low importance to patients).  

 

7.5.2.5 Symptom awareness as a barrier to early diagnosis 

 

High levels of willingness to be tested across respondents suggests that reluctance in 

help-seeking is not a major barrier to earlier diagnosis of ovarian cancer, further 

confirmed by the finding that 69% of respondents would seek advice from their GP 

within 1 month of onset symptoms. Instead, alongside inefficiencies in the diagnostic 

process, results of this study suggest a lack of symptom awareness appears to remain 

a key barrier, with just 20% (122/600) of people recognising the five main symptoms 

of ovarian cancer. These results highlight the importance of current awareness 

campaigns largely led by charities and the need for additional avenues for public 

education. 

 

7.5.2.6 Characterising non-testers 

 

Despite demand for testing being high, examination of characteristics of respondents 

selecting no test may offer important clinical insights by identifying groups who may 

be more reluctant to seek help or sceptical of the testing process to help with safety-

netting and reducing the risk of missed appointments. Serial selection of the no test 

option was more likely than a single occasion of opting-out suggesting there may be 

underlying drivers making reluctance around testing more likely. Analysis of the 
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selection of the no-test alternative and identification of a “test sceptic” class during 

latent class analysis identified individuals reporting less-than-good health as a key 

sociodemographic group who appeared less willing to undergo testing. This finding is 

important given older age is associated with both a higher incidence rate of ovarian 

cancer (ONS, 2019a) and a higher prevalence of chronic conditions meaning those 

with the highest risk of ovarian cancer are also most likely to experience poor health 

and therefore more sceptical about diagnostic testing (Barnett et al., 2012; Mujica-

Mota et al., 2015).  

 

7.5.2.7 Importance of shared decision-making in diagnostic settings 

 

In comparison with other settings such as cancer screening or treatment, decisions 

regarding testing in primary care are often GP-led and made based on assumptions 

of patient preferences rather than two-way discussion with previous studies 

demonstrating patients’ desire for shared decision-making may be underestimated by 

their GPs (Elwyn et al., 1999; Little et al., 2004). During this study, respondents 

expressed a desire for an increased role in decision-making during primary care 

consultations. The importance of communication, particularly within the developmental 

stages of the DCE may be reflective of the currently unmet desire for an increased 

role in decision-making leading to feelings of poor communication during medical 

consultations. Respondents were generally able to meaningfully engage with the 

choice tasks and made rational decisions regarding medical testing based on their 

personal preferences formed based on the consideration of seemingly complex 

concepts such as symptoms, likelihood of cancer and differences in test performance 

and delivery.  

 

Overall, results suggest patients are willing and able to play a greater role in 

investigative decision-making and require improved dialogue about the intricacies of 

testing such as the accuracy of results, which it turn may also improve self-advocacy 

and safety-netting following negative results but ongoing symptoms. High levels of 

heterogeneity in preferences highlighted by mixed logit and latent class models further 

highlights the need for personalised care and patient input during primary care 

consultations. 
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7.5.3 Comparison with existing literature 
 

The high demand for testing even at low risks of cancer is supported by previous 

findings from Banks et al. (2014) where demand for investigative testing for colorectal, 

lung and pancreatic cancer was elicited using vignettes indicating varying degrees of 

risk (1-10%) described to respondents as symptoms. Findings suggested overall 

willingness to undergo testing for cancer was consistently high and participants were 

no more likely to opt for investigation as the riskiness of symptoms increased (with the 

exception of colorectal cancer where the risk of cancer was balanced against the 

invasiveness of testing using colonoscopy). Similarly, Whitaker et al. (2017) found 

preferences for GP consultation for perceived cancer risk in primary care were stable 

between those experiencing “high risk” or “low risk” symptoms with the exception of 

choice of GP. This current study extends the existing evidence by finding that not only 

does demand for testing remain high across different cancer risk levels, the priorities 

around testing are also uninfluenced by risk.   

 

Evidence of increased reluctance to undergo testing amongst those in poor health is 

limited and mixed. Previous studies have found that in some instances pre-existing 

conditions (i.e. comorbidities) may lead to delays in help-seeking particularly if 

symptoms are vague or less burdensome relative to the management of ongoing 

chronic conditions (Smith et al., 2009); however, findings generally suggest 

comorbidities do not impact (or even facilitate) reporting of new onset cancer 

symptoms possibly due to having regular contact with medical professionals 

(Macdonald et al., 2006; Porta et al., 1996; Salika et al., 2017). However, no studies 

investigating how and why comorbidities affect the willingness to undergo testing once 

a risk of cancer has been recognised were identified  

 

This study follows similar studies on cancer screening in finding test sensitivity (or 

accuracy within this study) was the most important attribute to people facing testing, 

as highlighted in Chapter 4. However, the lack of importance associated with the 

communication attribute within this study is somewhat surprising given the strong 

preference shown during the development stages of the study (Chapter 5) and 

evidence from previous studies. For example, qualitative studies relating to the 
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experiences and healthcare preferences of women diagnosed with ovarian cancer 

during the diagnostic phase highlights a strong desire for improved communication 

during the diagnostic process (Fitch et al., 2002; Jelicic et al., 2019). These 

experiential findings are confirmed by results of a previous DCE investigating the 

preferences of patients seeking a GP consultation for perceived cancer risk, which 

found communication, namely “listening skills of the GP” to be the highly important, 

second only to waiting times (Whitaker et al., 2017). Participants were willing to wait 

an extra 3.5 weeks for an appointment with a doctor with good/very good listening 

skills (versus very poor listening skills). Despite the low importance placed on 

communication within this study, the findings mirror Whitaker et al. (2017), in showing 

listening skills were the most important aspect of communication to respondents.  

 

The “identifiable conditions” attribute was similarly considered relatively less important 

despite preparatory work indicating high levels of relevance and importance to the 

target population, motivating the inclusion in this current study. The presence of 

discordance between formative stages (particularly qualitative aspects) and final DCE 

results has been noted elsewhere (Timmis, 2020), with the suggestion that the use of 

a mixed methods approach provides the strength of providing multiple insights to a 

research question but sometimes leads to differing conclusions (Tariq & Woodman, 

2013). 

 

Evidence from the marketing conjoint analysis literature may offer an alternative 

explanation for the mismatch between preferences expressed during the preparatory 

stages and the final DCE results; relating to the tangibility or concreteness of 

attributes. Levels associated with the communication attribute, alongside the similarly 

less-prioritised “identifiable conditions” attribute were expressed linguistically (i.e. 

“good”, “fair”, “poor”) as opposed to the remaining attributes which utilised numeric 

levels (e.g. 65%, 75%). Numeric levels are considered to be more “concrete” meaning 

information is specific, tangible and presented in an easily processible form 

(Viswanathan & Childers, 1996) . Linguistic attributes are typically more abstract; the 

meaning is vaguer and evaluation requires further processing.  Research shows 

concrete attributes are easier to understand, process and directly compare (for 

example, the difference between 1 month and 3 months is directly obtainable than the  
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difference between “poor” and “fair” communication) (Stone & Schkade, 1991). As a 

result, concrete attributes such as those with numeric levels, typically have a greater 

impact on choice. In contrast, abstract attributes require greater cognitive effort 

leading to selective attribute processing, reduced intra-attribute comparisons and 

more non-compensatory decision-making, a simplifying heuristic whereby evaluations 

are made at the alterative rather than attribute-level (Horsky et al., 2004; Huber, 1980; 

Jiang & Punj, 2010; Nisbett & Ross, 1980). 

 

7.5.4 Strengths and limitations 
 

This study is the first DCE to investigate preferences towards diagnostic testing for 

ovarian cancer and adds to the limited number of preference-based studies in cancer 

diagnostic more broadly. A strength of the study is that it was based on a rigorous 

development and piloting process helping to maximise respondent understanding and 

relevance to the target population. The results provide valuable insights that can help 

to guide potential updates to NICE guidance in the face of current inefficiencies in the 

diagnostic pathway of ovarian cancer. It also adds to the limited number of studies 

providing evidence that people are willing and able to consider complex decisions 

regarding cancer risks, symptoms and diagnostic testing, serving for a motivation for 

improved shared decision-making in this aspect of primary care which is currently 

neglected.  

 

However, the study is subject to a number of limitations. Firstly, the finding that 

preferences do not differ between people facing differing risks of cancer is dependent 

to the risk levels investigated within this study (1%, 2%, 3%). These risk levels were 

chosen based on the focus on primary care testing as higher risk levels should 

theoretically result in urgent referral to secondary care. However, differences between 

included risk levels may not be sensitive enough to reveal differences in preferences 

according to risk and stability in preferences may not hold at higher risk levels (e.g. 

5%, 10%).   

 

The underrepresentation of Black, Asian and Minority Ethnic (BAME) people within 

the study is a limitation of the study, with just 5% (31/600) of the overall sample self-

identifying as non-white. Evidence suggests white people have a higher incidence of 



 
 
 

247 
 

ovarian cancer and worse outcomes (Forman, 2009; Shirley et al., 2014); however, 

uptake of cancer testing tend to be lower in BAME patients meaning identifying 

potential barriers should be a priority (Bansal et al., 2012; Jack et al., 2014; Moser et 

al., 2009).  Results of this study follow previous studies in finding differences in 

preferences for testing according to ethnicity, however, sample size limits the ability to 

draw a clear conclusion. Additionally, although the survey was open to anyone with 

ovaries, due to recruitment methods only cisgender women were represented in the 

final sample. Non-binary people, intersex people and transgender men with ovaries 

are still susceptible to ovarian cancer and represent groups currently underserved by 

gynaecological services heightening the importance of understanding the preferences 

of these populations (Peitzmeier et al., 2014; Stewart et al., 2020; Teti et al., 2021). 

Importantly, the development stages of the study also primarily utilised evidence from 

white, cisgender women meaning increased inclusion in the final sample may still 

misrepresent the preferences of marginalised groups if the included attributes do not 

match the underlying priorities of these populations.  

 

Communication of risky attributes remains a key challenge within DCEs. The format 

and presentation of risk within the accuracy attribute was designed and tested using 

a rigorous development process including workshops, piloting and examples from 

published DCEs to ensure maximum understanding. The final iteration of the accuracy 

attribute focused on test sensitivity, specifically the rate of false negatives for those 

with cancer and levels ranged from 65-95% based on known test performance of the 

CA125 blood test in primary care population and accommodate for higher levels of 

accuracy expected for the TVUS but currently not known. This approach is factually 

correct and utilised by almost all studies containing a “test sensitivity” attribute in 

Chapter 4. However, stating accuracy in terms of only those with the disease may 

unintentionally have inflated the perceived occurrence of inaccurate (false negative) 

results given the prevalence of the disease within the population (i.e. between 1-3%) 

which may have artificially inflated the importance of accuracy. Upon reflection, an 

alternative approach incorporating prevalence within the accuracy attribute may have 

been clearer to respondents (e.g. a 65% accurate test would result in 350 in 1000 

people with cancer incorrectly told they did not have the disease. However, if disease 

prevalence is 3%, this equates to just 10-11 people were 1000 people tested).  
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Ambiguity in the specification of the opt-out alternative within the experiment is a 

limitation of this study. In particular, caution should be taken when drawing conclusions 

about uptake. In Chapter 6, piloting participants interpreted the opt-out alternative as 

intended and as modelled during estimation (i.e. no test would be received), however, 

it is not possible to say that all respondents in the final study interpreted the opt-out 

alternative in the same way. For instance, some may understand the choice of 

“neither” test as a status quo rather than rejection of testing overall.  

 

Finally, current uncertainties surrounding the ovarian cancer testing exist and 

therefore several aspects of the study are reliant on evidence-based assumptions. For 

example, the study explicitly assumes that the TVUS is more diagnostically accurate 

than the CA125. Additionally, the true impact of increased diagnostic intervals on 

survival is currently uncertain. Comparisons within this study are based on point 

estimates from a single publication (Sud et al., 2020) which focuses on diagnostic 

delays in the context of Covid-19. The study aimed to account for uncertainties where 

possible within time and monetary constraints through scenario analyses and 

alternative survey versions. Preferences and demand for alternative tests differed 

substantially according to changes in these assumptions highlighting the need for 

greater understanding of ovarian cancer diagnosis within primary care (e.g. diagnostic 

performance of TVUS, sequential testing). Understanding these uncertainties is also 

crucial to evaluating the feasibility of policy changes better meet preferences.  

 

7.5.5 Future research  
 

Results from this chapter reveal avenues for future research falling into three 

categories: (i) performance of tests for ovarian cancer; (ii) economic and resource 

implications of alternative test strategies, (iii) preference elicitation studies.  

 

7.5.5.1 Performance of tests for ovarian cancer 
 

Throughout the thesis the lack of evidence surrounding the performance of 

investigative primary care testing has been highlighted. Understanding the diagnostic 

accuracy of alternative testing procedures is crucial for not only meeting the 

preferences of patients and streamlining investigations in primary care but also 
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understanding the broader economic and service capacity implications of alternative 

approaches. Given the preference for testing even at low risk levels, understanding if 

and how the sensitivity of CA125 testing varies according to the risk profile of 

symptoms is a further area for future research. Symptoms indicating a 1% risk of 

cancer are close in nature to asymptomatic population screening, it is unclear whether 

estimates of test sensitivity in a primary care setting will be upheld particularly given 

the ineffectiveness of screening in asymptomatic populations (Menon et al., 2021).  

 

7.5.5.2 Economic and resource implications of alternative test strategies  
 

Preference-based results in this chapter add support to calls for updates or 

amendments to current diagnostic processes including a shift away from sequential 

testing and/or the use of alternative first-line tests, particularly in populations where 

the CA125 has been demonstrated to have decreased sensitivity (e.g. women under 

50) (Target Ovarian Cancer, 2022b). However, policies cannot be solely determined 

based on patient preferences. A key area of future research is to understand the 

capacity and resource implications of alternative test strategies as well as the cost-

effectiveness of any proposed changes. Existing evidence on the cost-effectiveness 

of alternative modalities suggests sequential multimodal screening dominates TVUS 

screening when used for screening (largely driven by the low disease prevalence in 

asymptomatic population), however, research in a diagnostic setting is underexplored 

to date (Menon et al., 2017). Key questions may include economic and service 

provision implications of sequential versus concurrent versus single test only primary 

care testing and capacity implications and cost effectiveness of using CA125 and 

TVUS to test low risk patients in primary care. 

 

7.5.5.3 Future preference elicitation studies 
 

Findings highlight several areas for further preference-based research, specifically 

relating to ovarian cancer but also diagnostic testing more broadly. Firstly, 

understanding the barriers and facilitators of testing for marginalised groups is a clear 

area for future research that should be prioritised (e.g. non-binary/transgender men 

with ovaries, ethnic minorities). Secondly, whilst decision-making should aim to be as 

collaborative as possible, diagnostic decisions continue to be largely clinician-driven. 

This means future research to investigate how the preferences and decisions of 
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doctors align with patient preferences would be a valuable avenue for future research. 

DCEs could be an appropriate method to understand GPs perceptions of patient 

preferences and also how GP preferences align with patient preferences. 

Encouragingly, results from previous studies examining GP referral behaviour suggest 

that deviations from GPs who report deviating from guidance by referring patients for 

further testing regardless of CA125 results or without TVUS appear to be acting in a 

way that better serves the preferences of their patients (Moss et al., 2013). Finally, 

given the limited evidence surrounding this topic, similar DCEs could be performed 

focusing on other cancer sites to understand the generalisability of findings. For other 

cancer sites, such as colorectal cancer it may also be important to consider additional 

attributes such as adverse events arising from testing. An attribute that appeared 

important to respondents during attribute development but is not relevant to ovarian 

cancer due to the low-risk nature of available primary care tests. 

 

7.6 Conclusions 

 

This study is the first to quantify the preferences towards diagnostic testing for ovarian 

cancer. At a population-level, accuracy (test sensitivity) appears to be consistently 

prioritised by people facing testing even where accurate tests are associated with 

longer waiting times resulting in reduced likelihood of survival. However, analysis also 

revealed substantial preference heterogeneity highlighting the need for a personalised 

approach to testing decisions within primary care. The findings of this study may be 

useful in two ways; firstly, this study suggests the preferences of people facing testing 

appear to be unfulfilled by the current diagnostic pathway therefore findings may be 

considered during future revisions of NICE guidelines in order to improve patient 

satisfaction. Secondly, in terms of immediate clinical practice the study demonstrates 

the ability and desire for increased patient involvement during decision-making within 

primary care consultations including the discussion of symptoms, risks and test 

procedures.  
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8 Methodological Extensions Part 1- Learning and fatigue 

effects, and Indifference alternatives 
 

8.1 Introduction 
 

This chapter explores some of the methodological uncertainties highlighted within the 

previous chapters of this thesis, particularly the systematic review in Chapter 4 and 

the DCE of diagnostic preferences in Chapter 7. Specifically, the chapter focuses on 

two methodological areas: i) the inclusion of an indifference alternative within choice 

tasks, and ii) the relationship between the number of choice tasks per respondent and 

learning and fatigue. Both of these concepts have unexplored with the healthcare field 

to date. The two methodological extensions are described sequentially within this 

chapter.  

 

8.2 An exploration of learning, fatigue and the number of choice tasks  
 

8.2.1 Background 
 

During the qualitative piloting stage (Chapter 6) some respondents appeared to exhibit 

learning behaviour as they progressed through the choice tasks. For example, 

answering choice tasks faster over time, revaluating their definitions of attributes in 

later tasks or in some cases even changing the attributes they considered during 

deliberations between earlier and later tasks within the choice. Alternatively, some 

respondents appeared to grow bored or “fatigued” with the seemingly repetitive nature 

of the tasks. This observation motivated a methodological extension aiming to 

understand how responses to DCEs vary as respondents progress through choice 

tasks. In particular, this extension looks for evidence of learning or fatigue effects 

during the experiment to understand if there is a potential “burn in” stage where 

respondents are still familiarising themselves with the choice tasks and establishing 

their preferences and at what point if any, do respondent begin to become fatigued 

and as a result, the quality of the collected data begins to diminish.  

 

8.2.2 Learning and fatigue effects: existing evidence 
 

The concept of learning and fatigue effects within choice experiments is by no means 

new and this study was conducted in the context of a large body of existing evidence. 
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The presence of learning or fatigue effects can affect DCE responses via a number of 

mechanisms. 

 

8.2.2.1 Model scale and error variance 
 

First, is the effect of increasing numbers of choice sets on model scale. If respondents 

become fatigued with increasing numbers of choice sets then engagement and 

attention become reduced, increasing the likelihood of erroneous or random 

responses resulting in a measurable reduction in model scale (Box 8.1). Alternatively, 

respondents may become more familiar and comfortable with the choice process as 

the tasks progress resulting in a learning effect whereby scale increases throughout 

the tasks due to increased consistency between tasks. It is also possible that both 

learning and fatigue effects are present, as indicated by an initial increase in scale as 

newly emerging preferences begin to stabilise followed by a decline in scale as 

respondents begin tire of the choice process and responses become more random 

(Hu et al., 2006).  

 

The impact of the number of choice tasks completed on model scale has been the 

focus of several studies, although investigations in a healthcare setting are limited 

(Bech et al., 2011). However, there is still no consensus in the literature about the role 

of learning and/or fatigue effects and the “appropriate” number of choice sets per 

respondent to offset their presence. An early and frequently cited study by Bradley 

and Daly (1994), found that in a DCE with sixteen tasks, scale decreased significantly 

throughout the experiment. Since then a number of additional studies also find higher 

numbers of choice sets result in increased error variance (Bech et al., 2011; Phillips 

et al., 2002), whilst other studies find no significant differences in model scale between 

longer and shorter surveys (Adamowicz et al., 1998; Bateman et al., 2008; Hess et al., 

2012). Additionally, a number of studies find evidence of learning effects, as evidenced 

by a downwards trend in scale as choice tasks progress (Caussade et al., 2005; 

Holmes & Boyle, 2005; Hu et al., 2006; Kingsley & Brown, 2010; Savage & Waldman, 

2008). In almost all instances, this initial learning effect was followed by a subsequent 

increase in scale indicating a tipping point for fatigue.  
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Box 8.1: Scale parameter 

Comparisons of scale parameter (and error variance) between responses is a central component to analysis of 

choice responses within this chapter and later chapters of the thesis. This information box provides a background on 

model scale and accounting for scale differences using the Heteroscedastic logit model. 

 

As part of the specification of the logit model, inferences must be made regarding the shape, location, and 

dispersion of the distribution of the random error term, ε. Differences in the level of error variance impact the size 

of parameter estimates in logit models through the presence of a scale parameter, 𝜆. In the IID Grumbel distribution, 

variance 𝜎𝑛𝑖
2  is defined as 

𝜋2

6𝜆
 , meaning the scale parameter is inversely related to the variance of the error term 

(Vass et al., 2018b).  

 

This means the true logit function is actually represented by equation 1: 

𝑃𝑛𝑖 =  
𝑒𝜆(β𝑋𝑛𝑖+ 𝛾𝑍𝑛)

∑ 𝑒𝜆(β𝑋𝑛𝑗+ 𝛾𝑍𝑛)𝐽
𝑗=1

 

(eq. 1) 

As a result, estimated β-coefficients for each attribute are actually scaled preferences 𝜆β, indicating the effect of 

each observable variable relative to the variance of unobserved factors (Train, 2009). As the scale parameter 

decreases (i.e. variance increases), observed coefficients (𝜆β) appear smaller, in other words choices become 

more random.  

 

Within an individual model, the two components are confounded at cannot be separately identified and therefore 

𝜆 is arbitrarily normalised to 1. This means error variance is assumed to be constant across all individuals withing 

the MNL model.  

 

However, when attempting to compare preferences across groups where scale (i.e. error variance) differs 

systematically scale heterogeneity becomes an issue. Scale heterogeneity relates to the “randomness” of choice 

behaviour or differences in estimated preferences due to differences in the error variance of across respondent 

choices. Scale heterogeneity can arise for many reasons such as differences in survey design (e.g. number of 

choice tasks), data collection methods (e.g. electronic vs in-person data collection) or survey populations (e.g. 

based on level of experience- patients vs general public populations). Confounding between β-coefficients and 

the scale parameter mean it is not possible to establish whether observable differences in preferences are due 

to a genuine difference if tastes (i.e. preference heterogeneity) or due to differences in the variance of the error 

term.  

 

When making comparisons across groups (or in the case of this chapter between tasks within a choice sequence) 

within this thesis, Heteroscedastic conditional logit models (HCL) are used to estimate and adjust for scale 

heterogeneity when modelling choice data (Hensher et al., 1998; Hole, 2006). The HCL model allows the scale 

parameter to be a function of individual, n’s characteristics (𝜆𝑛). Within the model, 𝜆𝑛 is parameterised as exp(𝑍𝑛𝛾), 

where 𝑍𝑛 is a vector of individual characteristics and 𝛾 is a vector of parameters estimating the effect of 

individuals’ characteristics on the scale parameter. The model collapses to the standard MNL model if 𝛾 = 0, 

meaning testing if 𝛾 = 0 is equivalent to testing if the error variance is constant across respondents. 
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8.2.2.2 Rationality of choices 
 

The presence of learning and/or fatigue effects throughout a DCE may also influence 

the quality of data in terms of the exhibition of “irrational” responses according to the 

axioms of choice set out in Chapter 2 (e.g. stability, monotonicity, transitivity). Learning 

effects may result in increased irrational responses during the early stages of a survey 

when respondents are less familiar with the DCE format whereas fatigue effects may 

lead to an increase in rationality failures in the later stages. Unlike other aspects of 

data collection, the relationship between task length and irrational responses has been 

neglected to date. A few studies discuss the stability of responses however 

discussions refer to stability in scale rather than test-retest stability. These studies 

typically find evidence of a brief learning period at the start of DCEs with respondent’s 

appearing to quickly form stable preferences (Bradley & Daly, 1994; Hess et al., 2012). 

 

8.2.2.3 Decision processing 
 

Observations during the pilot study suggest that decision processing strategies may 

also vary across choice tasks and how such strategies vary may differ across 

respondents. Even within the small qualitative sample in Chapter 6 clear differences 

emerged. Some individuals described re-evaluating attributes they had previously 

dismissed as unimportant as choice tasks progressed whilst other respondents 

appeared to disregard attributes which they had previously seemed to consider in the 

later stages of the survey. This behaviour may be indicative of both learning or fatigue 

effects. Respondents may disregard attributes as a simplifying heuristic due to fatigue 

or may instead disregard information they may deem unimportant based on the 

refinement of their preferences on the topic. 

 

8.2.2.4 Marginal rates of substitution  
 

The previous mechanisms all have potentially important consequences for the final 

estimates and outcomes of models. In particular, differences in processing strategies 

and/or the error variance of data due to learning or fatigue may result in variations in 

the relative importance placed on attributes as the choice tasks progress. 

Comparisons of willingness to pay or willingness to accept estimates between early 

and late stage responses provide mixed evidence, although many studies find limited 
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or no effects based on the number of choice tasks completed (Hensher, 2006) even 

where differences in scale were present (Caussade et al., 2005). However, there is 

contrasting evidence to suggest there are significant differences in MRS estimates 

based on the number of choice tasks completed (Bech et al., 2011; Campbell et al., 

2015; Holmes & Boyle, 2005; Plott & Zeiler, 2005) with further evidence that the 

capacity for learning and fatigue effects (and subsequent variations in consistency and 

WTP) may differ across respondents (Campbell et al., 2015) (although authors 

acknowledge that differences may attributable to changes in processing strategies 

throughout the experiment). 

 

8.2.2.5 Healthcare-based research 
 

Investigations of learning and fatigue in relation to the number of choice tasks 

demonstrate mixed evidence. Additionally, applications have be primarily conducted 

in other domains and findings do not appear to be adopted within healthcare contexts 

to date. It also remains unclear whether such findings should be applied to health 

given differences in the choice context (e.g. health-based DCEs are more likely to 

involve the valuation of non-market goods, include risky or complex attributes). 

 

Bech et al. (2011) is perhaps the most notable example from healthcare perspective. 

The study investigated how the completion of greater or fewer choice tasks per 

respondent influenced DCE outcomes and procedures in an experiment examining 

preferences towards dental services. Results indicated the presence of small fatigue 

effects once a threshold number of choice tasks was exceeded (17 tasks), indicated 

by increasingly random responses and changes in MRS. Choice difficulty or certainty 

did not differ based on the number of choice tasks completed. This single case study 

is frequently cited in isolation as justification for the number of choice tasks within 

healthcare studies over a decade later despite conflicting evidence from the broader 

research field (Buchanan et al., 2022; de Bekker-Grob et al., 2013a; Mühlbacher et 

al., 2017). 
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8.2.3 Aims  
 
 

Given the mixed evidence from this pilot study, as well as the DCE literature more 

widely. Adaptations to the diagnostic DCE developed and presented in Chapters 5-7 

were made to incorporate an investigation of this issue in the context of preferences 

for diagnostic testing.  

 

This study utilises methods described in previous study to understand variations in 

DCE outcomes based on the number of choice tasks or stage in the survey but also 

extends this evidence by also examining how irrational responses vary depending on 

the number of choice tasks completed. 

 

To summarise, three research questions were addressed: 

 

i. How does performance of rationality check questions differ based on the 

stage of the survey?  

ii. Does scale heterogeneity (i.e. error variance) vary based on the stage of 

the survey? 

iii. Do estimates of the marginal rates of substitution between attributes differ 

between early and late stage responses? 

 

8.2.4  Methods  
 
 

8.2.4.1 Study design  
 

Analysis is based on pooled data from DCE versions 1-3 in Chapter 7. Data was 

pooled across sub-versions since analysis demonstrated no significant differences in 

preferences based on risk of cancer. The necessary data collection was conducted 

using six sub-versions of the experimental design. Sub-version varied in terms of 

question order and position of rationality checks only. The six sub-versions are shown 

in Figure 8.1. 

 

Firstly, the experimental design was split into 2 blocks, each with 8 choice sets. Each 

respondent completed both blocks during the survey, however the order the blocks 
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was randomised evenly across respondents to create two complete response sets to 

allow for the examination of early (first 8 tasks) versus later responses (last 8 tasks). 

This approach also controls for fatigue effects in later questions when examining 

responses across the entire experiment. Next, to explore the relationship between 

rationality of responses and the number of choice tasks completed, the location of 

different rationality checks was varied versions. This allowed for the examination of 

rationality failure rates between early, late and across choice experiments. The 

separation resulted in 75 responses per sub-version. In total, all respondents 

completed 20 choice sets (both blocks plus 4 rationality check tasks).  
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Figure 8.1:Overview of the question structure for each sub-version used to address the research aims. Respondents were randomised to one sub-version 

 
Transitivity in early choices, monotonicity and stability in later choices 

1 2 3 T1 4 5 6 7 T2 8 9 10 11 M 12 13 14 15 S9 16 
 

Transitivity later choices, monotonicity and stability in earlier choices 

1 2 3 M 4 5 6 7 S1 8 9 10 11 T3 12 13 14 15 T4 16 
 

Transitivity and stability across entire choice set, monotonicity in earlier choices 

1 2 3 M 4 5 6 7 T1 8 9 10 11 T2 12 13 14 15 S1 16 
 

Transitivity later choices, monotonicity and stability in earlier choices 

9 10 11 M 12 13 14 15 S9 16 1 2 3 T1 4 5 6 7 T2 8 
 

Transitivity in earlier choices, monotonicity and stability in later choices 

9 10 11 T3 12 13 14 15 T4 16 1 2 3 M 4 5 6 7 S1 8 
 

Transitivity and stability across entire choice set, monotonicity in earlier choices 

9 10 11 M 12 13 14 15 T3 16 1 2 3 T4 4 5 6 7 S9 8 

M= Monotonicity check 
T1 and T2= Transitivity check based on Task 2  
T3 and T4= Transitivity check based on Task 10 
S1= Stability check, repeat of Q1  
S9= Stability check repeat of Q9
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8.2.4.2 Addressing the research questions 
 
 

Research question 1: How does performance of rationality check questions differ 

based on the stage of the survey?  

 

The frequency of rationality failures in early, late and cross experiment positions were 

compared based on count data. Rationality checks included comparisons of 

monotonicity, transitivity and stability. A manual check for non-compensatory 

behaviour by examining responses for evidence of decisions made based on a single 

attribute was also performed. Next, logistic regression was performed to examine how 

stability of preferences varied at different points across the choice experiment. Similar 

analysis was not possible for the remaining rationality check questions due to the 

overall low rate of failures.  

 

Research question 2: Does scale heterogeneity (i.e. error variance) vary based on 
the stage of the survey? 
 
 

Heteroscedastic conditional logit (HCL) models (described in Box 8.1) were used to 

investigate variations in scale that may indicate the presence of learning or fatigue 

effects. Several models were estimated to investigate differences in scale between 

early and late responses. 

 

Models 1 and 2 sought to investigate differences in scale at an aggregate level. 

 

Model 1: HCL model including a dummy variable to account for potential differences 

in scale between early and late responses (“early response dummy” = 1 if for 

responses to the first 8 tasks and 0 for responses to final 8 tasks). A positive parameter 

estimate would indicate increased error variance in later stages of the survey (i.e. 

fatigue effects) whereas a negative parameter estimate would signify evidence of 

learning effects (i.e. decreased variance in later stages of the survey). 

 

Model 2: HCL model including continuous question order variables. Following previous 

studies question order was included as both a linear (coded 1-16) and squared 

function in order to take account of the possible presence of both learning and fatigue 
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effects (U-shaped form, representing an initial increase in scale followed by an 

eventual decline) (Bech et al., 2011; Caussade et al., 2005). 

 

Models 1 and 2 also included choice confidence, utility balance and task difficulty as 

explanatory variables to control for any potential confounding effects on scale (Bech 

et al., 2011).  

 

Models 3 and 4: HCL model including dummy variables for each choice as an 

explanatory variable for the scale function. The purpose of these models was to 

investigate differences in scale between each question, similar to the approach utilised 

by Hess et al. (2012). The scale parameter for the first task was normalised to 1 (by 

excluding from the model) meaning all question parameters were interpreted relative 

to this task. Trends across choice tasks are of particular interest. If learning effects are 

present, a period of increased error variance (i.e. decreasing scale) from question to 

question while participants adapt followed by a period of stable or decreased error 

variance (i.e. increasing scale) may be expected. Two models were estimated to 

control for differences in the question order; 3 for respondents who completed Block 

A followed by Block B, 4 for respondents who completed Block B followed by Block A. 

To complete the analysis, a linear regression model was estimated to investigate the 

relationship between scale parameters and question order. Choice certainty and utility 

balance between alternatives within each choice set were also included to control for 

possible confounding effects.  

 

Research question 3: Do estimates of the marginal rates of substitution between 
attributes differ between early and late stage responses? 
 

To test for differences in marginal rates of substitution, two separate mixed logit 

models were estimated based on responses from early responses (first 8 tasks) and 

late responses (final 8 tasks). Following analysis described in Chapter 7, estimates of 

willingness to wait for a diagnosis in exchange for improvements in the remaining 

attributes were calculated based on the estimated parameters of each model. Early 

and late stage estimates were compared using a paired T-test. Since MRS is a ratio-

based calculation, any potential differences in scale between early and late responses 

does not impact estimates.   
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8.2.5 Results 
 

The median completion time was approximately 30 seconds slower for the earlier 

tasks compared to later tasks (completion time for rationality check questions was not 

included in calculations). However, the implications of this finding may indicate 

respondents become more efficient as they become more familiar with the choice 

tasks but could equally indicate growing fatigue and less consideration of the choices 

they are presented over time.  

 

8.2.5.1 Research question 1: How does performance of rationality check questions 

differ based on the stage of the survey?  
 

Failure of rationality check questions according to placement within choice sets are 

shown in Table 8.1. Overall, failure rates were low regardless of where the questions 

were placed within the survey and there did not appear to be any differences in 

irrational responses based on the number of choice tasks completed. Interestingly, a 

large proportion of respondents appeared to demonstrate non-compensatory 

behaviours (always choosing the choice task where one attributes was always 

dominant, most often accuracy) in either the early or later stages of the choice task, 

however, only about half of these individuals displayed this behaviour consistently 

across all choice tasks. For stability failures, logistic regression confirmed the 

observational finding that of the validity questions was not associated with the 

probability of displaying unstable responses (Appendix 8.1). Overall, examination of 

rationality failures provided no evidence of learning effects or fatigue effects through 

the choice experiment. Additionally, average choice certainty was also similar between 

early and late responses.  

 
Table 8.1: Summary of rationality failures and key statistics at different stages of the choice 
experiment 

Rationality check Early responses Late responses Cross survey 

Transitivity 1 (<1%) 4 (3%) 3 (2%) 
Monotonicity 2 (1%) 1 (<1%) - 
Stability 37 (25%) 30 (20%) 35 (23%) 
ANA (dominant attribute) 140 (31%) 146 (32%) 68 (15%) 

Average choice confidence (1-10) 7.22 7.31 7.27 

Median completion time (range) 
2m 37s 

(43s—11m 22s) 
2m 8s 

(49s—12m 58s) 
4 m 52s 

(2 m 12s—15m 31s) 
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8.2.5.2 Research question 2: Does scale heterogeneity (i.e. error variance) vary 

based on the stage of the survey? 
 
 

Table 8.2 shows the results of the HCL models used to examine differences in error 

variance based on the number of choice tasks completed by respondents. Model 1 

includes a dummy variable representing early responses. The coefficient associated 

with the dummy variable is small but significant. The positive coefficient indicates that 

error variance was comparatively lower across the first eight choice tasks than the last 

eight tasks suggesting the possibility of fatigue effects in the later stages of the 

experiment. Contrastingly, neither the question number nor the square of the question 

number was significantly related to the scale in Model 2, suggesting the number of 

choice tasks completed has no impact on the error variance across observations.  

 

In both models, higher confidence in decisions during choice tasks was significantly 

associated with a small decrease in scale whilst self-reported task difficulty and utility 

balance between alternatives within choice tasks were not significantly related to error 

variance.   

 

Scale differences across choice tasks 

 

Analysis of choice task specific scale parameters based on Models 3 and 4 are shown 

in Figures 8.2 and 8.3, representing the order that question blocks A and B. Each 

figure plots the scale parameter of each progressive choice task relative to the first 

choice task where the scale parameter was normalised to 1. Increased scale estimates 

indicate lower unobserved variance and decreases in scale represent higher levels of 

variance. This means a downwards trend would indicate fatigue effects whereas an 

upwards trend as choice tasks progress would indicate learning effects.   

 

Upon initial inspection, scale parameters associated with later choice tasks appear to 

decrease as choice tasks progress suggesting increasing variance in choices (orange 

nodes indicate a significant difference in scale relative to the first task), this trend is 

particularly evident for respondents that completed block A then block B (Figure 8.2). 

However, changes in scale between adjacent choice tasks appeared more sporadic 

(triangular nodes indicate significant scale differences between a choice task and the 
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task prior). Instead, scale parameters also appeared to follow a similar trajectory to 

variations in average choice confidence for each task (pink line) and utility balance 

between test alternatives within each choice task (grey line) meaning isolating 

relationships between scale parameters and the number of choice tasks was not 

possible based on visuals alone. Regression analysis with scale as the dependent 

variable demonstrated question order was not significantly associated with variations 

in scale, however, both utility balance and confidence in choices were significantly 

related to changes in unobserved variance (Appendix 8.2). Increases in utility balance 

were associated with decreases in scale whereas increased choice confidence was 

linked to an increase in scale.   

 

Table 8.2: HCL models used to examine differences in scale based on the stage in the choice 

experiment 

 Model 1 Model 2 

 
Coefficient 

(95% CI) 
Coefficient  

(95% CI) 

Attributes  

Accuracy 
0.05*** 

(0.03 – 0.07) 
0.06*** 

(0.04 – 0.08) 

Time to diagnosis 
-0.20*** 

(-0.29 – [-0.12]) 
-0.22*** 

(-0.31 – [-0.12]) 

Identifiable conditions   

Cancer only - - 

Cancer plus related conditions 
0.41*** 

(0.25 – 0.58) 
0.44*** 

(0.26 – 0.62) 

Communication   

Poor - - 

Fair 
0.38*** 

(0.22 – 0.54) 
  0.41*** 

(0.22 – 0.58) 

Good 
0.48*** 

(0.28 – 0.68) 
 0.51*** 

(0.29 – 0.74) 

Neither test 
-0.33*** 

(-0.53 – [-0.14]) 
-0.36*** 

(-0.57 – [-0.14]) 

Scale terms  

Early response dummy 
0.06** 

(0.01 – 0.12) 
- 

Question number 
- 

-0.01 
(-0.04 – 0.02) 

Question number squared 
- 

0.00 
(0.00 – 0.00) 

Choice confidence (0-10) 
   0.00*** 

(0.00 – 0.01) 
   0.00*** 

(0.00 – 0.01) 

Utility balance  
0.00   

(-0.02 – 0.03) 
0.00   

(-0.02 – 0.03) 

Task was difficult/very difficult 
0.03 

(-0.10 – 0.16) 
0.03 

(-0.10 – 0.16) 

Model fit statistics  

LL -4,438.57 -4,439.92 
Observations 20,598 20,598 
N 450 450 

Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% 
confidence level 
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Figure 8.2: Variations in scale between progressive choice tasks based on Model 3  

(Responses from individuals who completed Block A followed by Block B). Orange nodes= scale was 
statistically different from the first choice task. Triangular nodes= scale was statistically different from 
the scale of the previous choice task. 

 
 
 
 
Figure 8.3: Variations in scale between progressive choice tasks based on Model 4  

(Responses from individuals who completed Block B followed by Block A). Orange nodes= scale was 
statistically different from the first choice task. Triangular nodes= scale 
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8.2.5.3 Research question 3: Do estimates of the marginal rates of substitution 

between attributes differ between early and late stage responses? 
 

Marginal rates of substitution expressed as the willingness to wait for improvements 

in the remaining attributes are shown in Table 8.3. Separate estimates were calculated 

based on responses to early and late estimates. The third column shows full 

experiment estimates first presented in Chapter 7 for comparison. The final column 

shows results of a paired T-test comparing estimates from early and late responses. 

Willingness to wait estimates did not significantly differ between early and late 

responses for any attributes meaning there was no evidence of either learning or 

fatigue effects when considering the marginal rates of substation resulting. The models 

from which willingness to wait estimates were derived are provided in Appendix 8.3.  

 
 
Table 8.3: Estimates of willingness to wait for an improvement in an attribute according to the stage in 
the DCE 

 

 
 

8.2.6 Discussion  
 

This study adds to existing evidence by examining changes in preferences throughout 

choice experiments and the role of learning and fatigue effects. In particular, this 

research tested how the stage in the choice tasks and the number of choice sets 

completed impacts (i) rationality of choices, (ii) model scale and error variance, (iii) 

estimates of marginal rates of substitution between attributes.  

 

 Early 
responses 

Late 
responses 

All responses p-value* 

Accuracy 

Per 1% 
0.27 

(0.30–0.54) 
0.28 

(0.24–0.32) 
0.28 

(0.25–0.31) 
0.54 

Identifiable conditions 

Cancer only 
- 
 

- 
 

- 
 

- 
 

Cancer plus additional 
related conditions 

1.72 
(1.41–2.03) 

1.57 
(1.27–1.87) 

1.70 
(1.45–1.96) 0.51 

Communication 

Poor 
- - - - 

 

Fair 
1.60 

(1.30–1.89) 
1.48 

(1.31–1.91) 
1.67 

(1.44–1.90) 
0.93 

Good 
1.99 

(1.65–2.33) 
1.97 

(1.58–2.32) 
2.02 

(1.74–2.30) 
0.86 

*p-value from a paired t-test to investigate differences in marginal rates of substitution between early and late responses 



 
 
 

266 
 

Investigations of choice rationality based on the stage of the choice experiment added 

a unique element to the study. Overall findings suggest no evidence of either learning 

or fatigue effects as the rate of irrational choice behaviours did not vary according to 

the stage of the survey they were completed (early vs late vs cross survey). However, 

it is noted total failures were low across the whole study and patterns may emerge in 

more complex studies or studies with a larger sample size where higher rates of 

irrational behaviour would be expected.  

 

Comparisons of model scale between early and late responses based on the 

experimental design blocks (first 8 questions versus final 8 questions) found early 

responses were associated with a significantly higher scale. This finding implies that 

error variance increased during the later stage of the survey suggesting respondents 

became fatigue as choice tasks progressed. However, overall evidence of learning 

and fatigue effects based on scale were limited since examinations based on question 

order found no overall trend in scale. Examination of error variance at a micro-level 

(i.e. variations between adjacent choice tasks) did find significant differences between 

questions, however, regression analysis revealed this was primarily due to differences 

in utility balance and choice confidence rather than the progressive number of 

questions completed. This finding is in line with previous studies that find examination 

of differences in error variance based on the number of choice tasks can be mistaken 

or intertwined with caused by order or position effects of choice tasks within the 

experimental design (Campbell et al., 2015; Day et al., 2012). Failure to randomise 

the order of tasks between respondents as recommended by Hess et al. (2012) is a 

limitation of this study. Similarly, no differences in willingness to wait were identified 

between earlier and later responses during the survey.  

 

Failure to find evidence of either learning or fatigue effects according to the number of 

choice tasks completed within this study is consistent with findings from several 

previous studies and has important implications for DCEs  (Adamowicz et al., 1998; 

Bateman et al., 2008; Caussade et al., 2005; Hensher, 2006; Hess et al., 2012). In 

health economics, leading guidance currently recommends an ideal range of 8—16 

choice sets per respondents, with studies seldom exceeding this upper limit (Bridges 

et al., 2011; Soekhai et al., 2019). An increase in the number of choice sets completed 
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by each respondent means fewer respondents may be needed to achieve sufficient 

observations to estimate preference (Rose & Bliemer, 2009). This is particularly useful 

when research relates to the preferences of hard to recruit populations (e.g. patients 

of specific diseases) or where there are budget constraints. This study adds to growing 

evidence within a healthcare cases study that respondents are able to complete a 

large number of choice tasks (in this case 20) without any detriment to the quality of 

data due to fatigue and increased inattention. 

 

Finally, whilst fatigue and learning effects appeared to be limited at an aggregate level, 

findings from this study highlight the potential for differences in error variance and 

preferences during early and late stages of DCEs across individuals as an area for 

future consideration. In particular, examination of non-compensatory behaviour 

suggested some individuals may experience evolving decision processing strategies 

across experiments. For instance, some respondents appeared to initially ignore 

certain attributes during early decisions before expanding their deliberations to include 

more attributes, whilst other respondents appeared to do the opposite and narrow 

down their attributes of interests as tasks increased. From the data alone in is unclear 

whether such actions are due to simplifying heuristics caused by boredom or attention 

loss or due to the refinement of preferences as tasks progress. Similar patterns were 

observed during the think-aloud pilot study in Chapter 6, further qualitative research 

may add further insights to this phenomenon. Variations in choice processing based 

on choice task complexity and positioning is a longstanding area of research in choice 

modelling and is of growing interest in applications to health (Jonker et al., 2018; Pinto‐

Prades et al., 2019). Further empirical examples are needed to investigate and 

disentangle these overlapping concepts. 

 

8.3 Investigating the presence of indifferent preferences within discrete 

choice experiments 
 

8.3.1 Background 
 

Discrete choice experiments, particularly when considered under the dominant 

paradigm of random utility theory (RUT), rely on the assumption that individuals are 

rational decision-makers that maximise their utility. This means respondents opt for a 
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given alternative if, and only if it provides the highest expected utility among all 

alternatives presented within a choice set (McFadden, 1974; Thurstone, 1927).  

 

Stated preference methods are reliant on experimentally designed choice sets. Choice 

sets must be carefully designed to ensure realism and maximise the external validity 

of observed choices. The importance of including (or at least considering) an opt-out 

option (i.e. “neither” or “no choice” alternatives) within choice sets is widely 

acknowledged within the DCE literature, particularly in studies aiming to estimate 

demand and/or elasticity of demand (Bridges et al., 2011; Campbell & Erdem, 2019; 

Lancsar & Louviere, 2008). Provision of an opt-out option means participants are not 

forced to choose between potentially unappealing alternatives, increasing the 

likelihood that participants choose in a way that is consistent with how they would do 

in a real-life situation (Campbell & Erdem, 2019). Alternatively, the inclusion of a 

status-quo alternative is also common. Status quo alternatives are an opt-out 

alternative that allows respondent to state a preference towards their current situation 

rather than a complete rejection (e.g. a person receiving treatment may prefer to stick 

with their current medication rather than a new alternative) (Campbell & Erdem, 2019). 

 

However, while the inclusion of non-participation alternatives (i.e. opt-out or status-

quo alternatives) is common practice, the inclusion of an indifference alternative has 

been explored to a lesser extent to date and particularly within healthcare contexts. 

An indifference alternative (also expressed as “don’t know” or “no opinion”) allows 

respondents to express indifference or neutrality between the profiles presented within 

a choice set (Hess et al., 2013). The concept of indifferent preferences is central to 

alternate preference elicitation methods utilised within healthcare settings. Namely, 

time trade-off and standard gamble methods, where the objective is to identify the 

point of indifference between competing alternatives, often health states (see Chapter 

2). However, considerations of indifferent preferences within health-based DCEs 

remains uncommon. For instance, just one inclusion of an indifference alternative was 

identified during the systematic review in Chapter 4 and it is unclear how such 

responses were utilised during analysis (Pignone et al., 2012). Examples from the 

broader healthcare literature are also sparing (Medina-Lara et al., 2014; Robinson et 

al., 2015). The current omission of indifference alternatives appears to directly conflict 
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with ISPOR Good Practice Guidance where criterion 5.2 questions: “Did (should) the 

elicitation format allow for indifference?” (Bridges et al., 2011). 

 

8.3.1.1 Why is consideration of indifferent preferences important? 

 

If experiments do not allow respondents to express indifference respondents may be 

forced to arbitrarily choose between alternatives introducing stochasticity and reducing 

the efficiency of information that can be gained from choice tasks. For example, 

Cantillo et al. (2010) demonstrated randomly assigning indifference responses to 

available alternatives (as respondents would do if no indifference alternative was 

available),  lead to a significant decline in the model's capability to recover the input 

parameters. Furthermore, studies have demonstrated that the omission of an 

indifference alternative may artificially increase the selection of other “non-

participation” options (i.e. opt-out or status quo alternatives) particularly within choice 

sets where there was no clearly superior alternative (Dhar, 1997; Fenichel et al., 2009; 

Tversky & Shafir, 1992). Therefore, Fenichel et al. (2009) advocate for the inclusion 

of indifference alternatives when also offering non-purchase options as a way to 

reduce bias. 

 

In recent years, the presence of indifferent preferences in healthcare is likely to be 

exacerbated by the increased utilisation of efficient experimental designs (Bliemer et 

al., 2009). Since such designs explicitly aim to increase available choice information 

by generating experimental designs with near-utility balance and minimise the 

presence of dominant alternatives within choice tasks, making differences between 

alternatives less perceivable on average (Huber & Zwerina, 1996).  

 

This existing evidence suggests the need to consider the implications of not 

accounting for the presence of indifference during analysis. However, there are also a 

number of challenges associated with the inclusion of indifference alternatives, which 

may contribute to the underutilisation to date. In particular, adding an additional 

alternative to each choice tasks increases the complexity of decisions (Bridges et al., 

2011). Where multiple alternatives (e.g. status quo, optout and indifference) are 

included the distinction between the different options may become blurred to 

respondents. Additionally, research also suggests that respondent’s may be tempted 
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to utilise indifference alternatives as a simplifying heuristic to avoid difficult decisions 

(Tversky & Shafir, 1992).   

 

8.3.2 Research aims 

 

In response to the challenges and uncertainties surrounding indifferent preferences, 

this methodological extension seeks to understand how the inclusion or exclusion of 

indifference alternatives affects the outcomes and processes within a DCE.  

 

Specifically, this methodological extension seeks to address four key questions: 

 

i. How frequent are indifferent preferences and what are the potential 

reasons for indifferent responses during DCE tasks? 

ii. How does the inclusion or exclusion of an indifference alternative impact 

the on the quality and/or reliability of results? 

iii. Does failure to allow indifferent responses during DCE tasks influence 

unobserved variance of results?  

iv. How do marginal rates of substitution vary between DCEs that include an 

indifference alternative and those that do not? 

 

8.3.3 Methods 

 

8.3.3.1 How frequent are indifferent preferences and what are the potential reasons 

for indifferent responses during DCE tasks? 
 

Examinations of the rates of indifferent preferences during versions 1-3 of the DCE 

examining preferences towards diagnostic testing for ovarian cancer presented in 

Chapter 7 formed the basis for analysis. 

 

Self-reported reasons for indifference selection were investigated using a follow up 

question after the completion of all choice tasks. Respondents were given a list of pre-

established reasons (based on researcher assumptions) to select from but also had 

the opportunity to express additional reasons using the “other” response option within 

the question.  
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Next, since this study utilised an efficient experimental design, the correlation between 

difference in utility between choice alternatives (Test A and Test B) and selection of 

the indifference alternative was examined. It was anticipated that tasks with increased 

utility balance between alternatives will result in a higher number of indifference 

selections across respondents. The correlation between indifference and choice 

confidence (1-10) across tasks was also explored. It was expected that higher rates 

of indifferences would be associated with lower rates of average choice confidence 

scores. 

   

Finally, logistic regression was used to examine the association between selected 

respondent characteristics (e.g. education, symptom awareness, medical decision-

making style) and choice task characteristics (e.g. selection of opt-out alternative, 

choice confidence, utility difference), and the selection of the indifference alternative. 

Included characteristics and hypothesised relationships are described in Appendix 

8.4.  

  

8.3.3.2 How does the inclusion or exclusion of an indifference alternative impact the 

quality and/or reliability of results? 
 

As described in Chapter 6, an additional DCE version was used to address this 

research question. This additional sub-version was identical to Version 3 described in 

Chapter 7 except no indifference alternative was provided. As a reminder, choice task 

1 from each survey version is shown in Figure 4. Both versions elicited preferences 

for testing when facing a 3% risk of cancer. The sample size for both versions was 

150 respondents. It is important to note that indifferent responses were treated as 

missing and excluded from model estimates throughout this thesis since the 

incorporation of indifference responses is an ongoing methodological challenge (see 

section 8.2.5. below for further discussion).  

 

The quality and reliability of responses was compared between the two versions based 

on a variety of dimensions:  

 

- Rationality failures (e.g. monotonicity, transitivity and stability of choices) 

- Self-reported attribute non-attendance (ANA) 
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- Self-reported task difficulty 

- Average choice confidence 

- Number of opt-out alternative selections 

 

8.3.3.3 Does failure to allow indifferent responses during DCE tasks influence 

unobserved variance of results?  
 

A heteroscedastic logit model was used to investigate differences in unobserved 

variance between the DCE version including an indifference alternative and the 

version without. The exclusion of an indifference alternative may increase error 

variance (i.e. randomness) within the data as respondents with indifferent preferences 

are forced to artificially express a preference between the available alternatives. On 

the other hand, the additional choice alternative within each task may add additional 

complexity in choice tasks which may result in increased error variance.  

 

8.3.3.4 How do marginal rates of substitution vary between DCEs that include an 

indifference alternative and those that do not? 
 

Marginal rates of substitution were used to compare differences in outcomes between 

the DCE version including an indifference alternative and the version where 

indifference was not considered. As with previous chapters, estimates were expressed 

in terms of willingness to wait and were based on mixed logit models with 1,000 Halton 

draws.  
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Figure 8.4: Example of a choice task from the two versions of the DCE used to examine the impact of 
including or excluding an indifference alternative within choice tasks 
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8.3.4 Results 

 

8.3.4.1 How common are indifferent preferences and what are the potential reasons 

for indifferent responses during DCE tasks? 
 

Selection of indifference 

 

The indifference alternative was selected 324 times across all survey versions, 

accounting for 5% (324/7,200) of total choices. One hundred and twenty-seven of the 

450 (28%) respondents selected the indifference option at least once throughout the 

choice tasks.  

 

Self-reported reasons for selecting indifference are shown in Table 8.4. The most 

common reason (n=58) for the selection of indifference was: “I thought both options 

were good/I would be happy with either test”.  Interestingly, a common self-submitted 

answer was a dislike for both options but a desire to undergo testing, nonetheless 

(n=12).   

 
Table 8.4: Self-reported reasons for selecting indifference during DCE versions 1-3 

Reasons for indifference n 

I liked the two options exactly the same 39 

I thought both options were good/I would be happy with either test 58 

I count not tell the difference between the two tests 7 

I disliked both tests but still want to be tested (write in option) 12 

Other 23 

 

 

Choice confidence, utility balance and selection of the indifference alternative 

 

Figure 8.5 plots the frequency of indifference selection (grey bars), utility balance 

between alternatives A and B (blue dots) and average choice confidence for each task 

(pink dots). Two-way correlations between the three measures were all significant. As 

expected, selection of the indifference alternative was negatively correlated with 

choice confidence and the difference in utility between choice between alternatives 

within each choice tasks.  
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Figure 8.5: Correlations between the selection of indifference, average choice confidence and 
absolute utility difference between choice alternatives 

 

 

Associations with the selection of indifference and demographic and experimental 

characteristics 

 

Logistic regression revealed a limited number of associations between selection of the 

indifference alternative and sociodemographic characteristics (Table 8.5). Significant 

associations primarily related to task-based characteristics (e.g. task difficulty) as 

opposed to sociodemographic factors (e.g. education). The likelihood of a respondent 

selecting the indifference alternative reduced incrementally as the number of times a 

respondent selected the opt-out (“neither”) alternative increased (OR=0.93). 

Respondents who reported finding the task difficult or very difficult were significantly 

less likely to express indifference (OR= 0.61) perhaps due to an increased effort to 

differentiate between utility-balanced choice tasks. Somewhat counterintuitively, 

individuals who indicated taking an active role in their medical decisions were over 
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50% (OR=1.53) more likely to select the indifference alternative at least once 

throughout the survey compared to those who adopt a more passive role during GP 

consultations. Finally, as expected indifference reduced as both self-reported choice 

confidence (OR=0.84) and the difference in utility between test alternatives increased 

(OR=0.85).   

 

Table 8.5: Logistic regression used to investigate associations between indifferent preferences and 
demographic and experimental characteristics 

 

 

8.3.4.2 How does the inclusion or exclusion of an indifference alternative impact the 

quality and/or reliability of results? 
 

Table 8.6 compares several dimensions relating to the completion of DCE tasks 

between the two survey versions (with and without an indifference alternatives). 

 Full model Reduced model 

 OR 
(std. error) 

OR 
(std. error) 

Attended university 
0.77 
(0.18)  

Very good/good health 
0.68 
(0.17) 

 

Previously tested for OC 
1.01 
(0.07) 

 

Currently have an active role in medical decisions 
1.54* 
(0.41) 

   1.53*** 
(0.18) 

Desire an active role in medical decisions 
1.22 
(0.31) 

 

Symptom awareness 
0.98 
(0.03) 

 

Task difficult/very difficult 
   0.61** 

(0.15) 

    0.61*** 
(0.08) 

Total number of optout selections 
0.92* 
(0.05) 

 0.93** 
(0.03) 

Choice confidence 
   0.84*** 

(0.05) 

   0.84*** 
(0.03) 

Difference in utility between test alternatives 
   0.85*** 

(0.03) 
   0.85*** 

(0.03) 

Constant 
0.38* 
(0.22) 

   0.27*** 
(0.06) 

Model fit statistics 

Log-pseudolikelihood -1294.15 -1304.30 

Pseudo R2 0.04 0.04 

Observations 7,200 7,200 

N 450 450 

***=1% significant;  **= 5% significant; *=10% significant 
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Independent t-tests or chi2 tests were used to identify statistical differences between 

versions. Overall differences between the two surveys were minimal across all 

compared dimensions.  

 

Stability failures (i.e. inconsistent choices across repeated questions) displayed the 

largest absolute difference, with inconsistent choices doubling in the versions which 

included an indifference alternative.  

 

Selection of the “neither” opt-out alternative was slightly higher where the 

“indifference” alternative was included both in terms of the number of respondents and 

the number of overall selections, however, differences were not significant. Similar 

(and even reduced) rates of selection suggest it is unlikely that respondents utilised 

the opt-out alternative to indicate indifference where an indifference alternative was 

provided.   

 

 
Table 8.6: Comparison in response characteristics across DCE versions including and excluding an 
indifference alternative 

 

 

 Indifference 
alternative included 

Indifference 
alternative excluded 

p-valuea 

Rationality failures  

Monotonicity failure 0 (0%) 0 (0%) - 

Stability 30 (20%) 15 (10%) 0.02** 

Transitivity failure 3 (2%) 4 (3%) 0.70 

Stated attribute non-attendance  

Accuracy 16 (11%) 16 (11%) - 

Time to diagnosis 68 (45%) 65 (43%) 0.73 

Identifiable conditions 52 (35%) 52 (35%) - 

Communication 95 (63%) 88 (59%) 0.41 

Opt-out alternative selections  

Total selections 136/2400 (6%) 110/2400 (5%) 0.89* 

Number of respondents 37/150 (25%) 31/150 (21%) 0.41 

Self-reported task difficulty 

Very easy 1 (1%) 4 (3%) 

0.44 

Easy 44 (29%) 49 (33%) 

Neither easy or difficult 29 (19%) 44 (29%) 

Difficult 69 (46%) 50 (33%) 

Very difficult 7 (5%) 3 (2%) 
ap-value from an independent t-test used to test for statistical differences across versions. Chi2 
test was used to compare self-reported task difficulty responses 
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Figure 8.6 shows the average confidence score for each choice task where a higher 

score indicates higher confidence in their chosen response. Confidence scores were 

generally comparable across the two versions. Respondents exhibited significantly 

higher confidence in their choice in the DCE with an indifference alternative on three 

occasions (tasks 1,7 and 16). 

 
 
 
 
Figure 8.6: Average choice confidence for each choice task for each DCE version. Choice confidence 
scores were statistically difference for tasks 1, 7 and 16 only. 

 
 
 
 

8.3.4.3 Does failure to allow indifferent responses during DCE tasks influence 

unobserved variance of results?  
 

The heteroscedastic logit model (Appendix 8.5) found no significant differences in 

scale between the DCE with and without an indifference alternative. This suggests 

that the inclusion or exclusion of an indifference alternative had no effect on the 

stochasticity of decisions between responses.  

 

8.3.4.4 How do marginal rates of substitution vary between DCEs that include an 

indifference alternative and those that do not? 
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Sociodemographic characteristics of the additional survey version excluding the 

indifference alternative are shown in Appendix 8.6. Statistical comparisons of the 

samples for the two surveys with and without indifference indicated the samples were 

largely demographically similar. Significant differences were found in two 

characteristics, knowing someone with ovarian cancer and personal testing history—

neither of which appeared to be a source of preference heterogeneity in Chapter 7. All 

other characteristics did not significantly differ between the two samples.  

 

Willingness to wait estimates from the two survey versions are shown in Table 8.7. 

Estimates associated from the version with indifference are the same as those 

presented in Chapter 7 but are repeated here for comparison. The associated mixed 

logit output for the non-indifference survey version is provided in Appendix 8.7. 

Independent T-tests revealed no significant differences in the willingness to wait 

estimates for any attribute between survey versions. 

 

 
Table 8.7: Comparison of willingness to wait estimates between the DCEs with and without an 
indifference alternative 

 
 
 
 
 
 
 

 Indifference 
alternative 
included 

Indifference 
alternative 
excluded 

p-value* 

Accuracy 

Per 1% 0.29 
(0.22–0.33) 

0.23 
(0.19–0.26) 

0.13 

Identifiable conditions 

Cancer only - 
 

- 
 

- 
 

Cancer plus additional 
related conditions 

1.55 
(1.16–1.95) 

1.51 
(1.21–1.81) 

0.85 

Communication 

Poor - - - 
 

Fair 1.57 
(1.19–1.95) 

1.67 
(1.34–2.00) 

0.69 

Good 1.99 
(1.53–2.44) 

2.13 
(1.73–2.53) 

0.64 

*p-value from independent t-tests to investigate differences in marginal rates of substitution between survey versions 
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8.3.5 Discussion 
 

This methodological extension adds to the currently limited evidence base examining 

indifferent preferences in healthcare discrete choice experiments (Medina-Lara et al., 

2014; Robinson et al., 2015). The impact of including or excluding indifference 

alternatives within DCE choice tasks was examined across several domains including 

rationality failures, stated attribute non-attendance, error variance across responses 

and willingness to wait estimates. Expressions of indifference towards alternatives 

within this study, observed rates of indifferent preferences were frequent (5% of all 

responses in DCE versions 1-3 in Chapter 7). High rates of indifference may be 

reflective of the diagnostic context of the experiment, where people are used to 

deferring to their doctor for decisions. Overall, results from this study suggest little-to-

no difference in the reliability and validity of responses or the outcomes of DCE based 

on the accommodation of indifferent preferences. This finding directly contrasts 

previous studies from the transportation literature where the inclusion of indifference 

choice option was found to improve model fit and performance (Bahamonde-Birke et 

al., 2017; Cantillo et al., 2010; Pan & Zuo, 2020). 

 

Encouragingly results suggest that whilst the inclusion of indifference does not appear 

to affect model outputs in this study, it also did not appear to have a detrimental impact 

by increasing the perceived task difficulty or introducing noise in the data due to added 

complexity of an additional alternative presented in each choice task.  

 

Further empirical studies are needed to draw an overall conclusion on the 

appropriateness of including or excluding indifference alternatives from DCEs in 

healthcare settings. However, utilisation of indifference alternatives within DCEs 

remains uncommon in healthcare, despite leading best practice guidance explicitly 

recommend allowing the capacity to express indifference between alternative during 

the completion of choice tasks (Bridges et al., 2011).  

 

One clear barrier to the inclusion of indifference alternatives is a lack of guidance on 

how to best incorporate indifference alternatives into the analysis of choice models. 

For simplicity, indifferent responses within this thesis were excluded from analysis. 

However, the development of transparent and user-friendly guidance on indifference 
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alternative modelling is an area of future development relating to this PhD research. 

Existing approaches within the transport literature are based on the psychological 

notion of just noticeable differences (JND) (Coombs et al., 1970). JND stipulates the 

existence of perception thresholds, below which differences between items of 

comparison become imperceptible to an individual (Georgescu-Roegen, 1958). 

Choices between alternatives under this threshold are assigned stochastically to an 

alternative in forced choice situations (Krishnan, 1977). First introduced by Cantillo et 

al. (2010), the utility-difference threshold approach models indifference through the 

inclusion of an indifference threshold parameter δ, the absolute value of which 

represents the minimum level of utility difference between alternative that must be 

achieved to allow individuals to distinguish between alternatives. However, these 

models are currently used sparingly due to the complexities of reproduction and also 

shortcomings when experiments include multiple non-participatory alternatives (i.e. 

indifference, opt-out and status quo alternatives) since current approaches are based 

on a binary decision format. The notion of an indifference threshold has further 

important implications within DCEs, particularly where researchers aim to make policy 

suggestions to increase demand for services. This is because the presence of an 

indifference threshold suggests that if the change in utility from a certain policy is too 

mild, the target audience may remain unaffected resulting in no change in uptake (Pan 

& Zuo, 2020). 

 

It is important to note that the inclusion of an indifference alternative without a suitable 

method for analysing such responses may have important implications for the analysis 

and results. Indifferent responses were removed from the analysis (i.e. specified as 

missing data) during the analysis of DCE responses presented within this chapter and 

Chapter 7. This means for 127 (28%) respondents the full experimental design was 

not utilised resulting in a reduction in the information gained from responses. The lack 

of differences in model estimates between DCE versions with and without the 

indifference alternative is encouraging and suggests the exclusion of indifferent 

responses had little-to-no impact on the ability to identify the parameters within the 

model. However, missing data reduces the efficiency of any experimental design 

resulting in diminished precision in model estimates and may mean larger sample 
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sizes are needed to improve the precision surrounding model estimates (Johnson et 

al., 2013; Louviere & Lancsar, 2009).  

 

8.4 Chapter summary 
 

This chapter used data collected during the DCE eliciting preferences towards 

diagnostic testing for ovarian cancer to explore methodological issues relating to the 

application of DCEs to cancer testing and healthcare more broadly. Namely, the 

impact of indifferent preferences, and the relationship between the number of choice 

tasks and learning and fatigue. Both concepts have been explored within the discrete 

choice literature more broadly, however, explorations within the field of health are 

more limited. Research in this chapter provides a case study of how these 

methodological issues apply to a health-focused experiments. It should not be 

assumed that findings from other fields are automatically transferrable due to 

differences in the decision-making context. For instance, health focused DCEs often 

value non-market goods, meaning the formulation and expression of preferences may 

be less intuitive to respondents. Furthermore, in this instance DCEs of diagnostic 

testing require the consideration of risks and complex medical concepts increasing the 

complexity of decisions. As such, further health-based evidence is needed on both 

these topics to draw a conclusive verdict on both of the topics explored in this chapter.  
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9 Preferences towards ovarian cancer screening: DCE 

development 
 

9.1 Introduction 
 

The examination of diagnostic preferences in Chapter 7 demonstrated high rates of 

willingness to be tested once symptoms of ovarian cancer arise. However, poor 

symptom awareness and the non-specific nature of symptoms continue to present 

barriers to early diagnosis. These difficulties relating to the early recognition of ovarian 

cancer mean efforts to identify an appropriate ovarian cancer screening test continue 

despite trials demonstrating little-to-no benefit to date. Chapter 3 highlighted the 

importance of considering prospective users preferences when designing any national 

screening programme. To date, research on preferences for ovarian cancer screening 

has typically focused on the acceptability of alternative modalities from the perspective 

of patients enrolled on screening trials (Drescher et al., 2004; Jenkins et al., 2015; 

Pavlik et al., 1995). However, evidence suggests these individuals are more likely to 

have a favourable view of screening and exhibit a willingness/desire to be screen 

regardless about beliefs surrounding the efficacy of screening meaning results may 

not be representative of the wider public (Gigerenzer et al., 2009; Hoffmann & Del 

Mar, 2015). Evidence relating to the preferences of general public, average-risk 

individuals is more limited despite being the target population for a potential screening 

programme. In response, the purpose of the second DCE in this thesis was to 

investigate women’s preferences and demand for a potential screening programme. 

This chapter describes the process of developing an online survey with an embedded 

DCE aiming to elicit preferences towards ovarian cancer screening. The development 

process utilises the framework outlined in Chapter 6 when designing the diagnostic 

DCE with a few modifications.  

 

9.2 Aims 
 

The aim this chapter is to describe the design and pilot testing of an online survey with 

an embedded DCE to measure women’s preferences towards a test which could be 

potentially used to screen for ovarian cancer before symptoms arise.  

The objectives were: 
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• To consolidate evidence on the most important attributes to the target population 

when considering ovarian cancer screening tests 

• To develop a discrete choice experiment instrument using leading guidance 

• To develop an appropriate accompanying online questionnaire to collect relevant 

demographic data to allow relationships between personal characteristics and choice 

behaviour to be explored in the final study 

• To test the feasibility and acceptability of the online DCE survey instrument to the 

target population through pilot testing 

• To refine and finalise the survey instrument through an iterative process based on 

piloting feedback 

 

9.3 DCE development  
 

DCE development followed a similar process used during the development of the DCE 

on diagnostic testing in Chapters 5 and 6. The approach was adapted based on 

learnings from this earlier study and to accommodate screening-specific challenges. 

A reminder of the development stages in provided in Figure 9.1.  
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Figure 9.1: Summary of the discrete choice development process. 
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9.3.1 Stage 1: Defining the research question 
 

A screening programme for ovarian cancer would provide an alternative solution to the 

ongoing barriers to early diagnosis currently experienced in primary care settings (e.g. 

late presentation, vague symptoms). Screening is reliant on the voluntary participation 

of asymptomatic individuals meaning the acceptability of tests to the target population 

is fundamental. Despite continued efforts to develop an effective screening 

programme for ovarian cancer research on the acceptability of any potential screening 

programme to female members of the public has been less explored to date.  

 

In response, the purpose of the DCE developed in this chapter was to estimate 

women’s preferences towards a hypothetical screening programme for ovarian 

cancer.  

 

The acceptability of a screening programme may be driven by multiple factors relating 

to both test performance affecting the perceived benefits of testing (e.g. mortality 

reduction, false positives, false negatives etc.) and service delivery factors affecting 

the convenience and experience of undergoing testing (e.g. screening interval, 

screening modality, location etc.). Due to limited existing evidence, it is unclear which 

aspects of testing would be most important women and the driving force behind the 

acceptability of any potential programme. As discussed in previous chapters, the 

ability to combine attributes from both aspects of acceptability is a fundamental 

strength of DCE and motivation for the use of the methodology to explore preferences 

throughout this thesis.  

 

To allow a full exploration of the driving factors of screening decisions, research aims 

at the beginning of the development process were kept broad with no preconceptions 

of the attributes to be included. The aim was to design a DCE capable of estimating 

demand for a potential future screening programme and understand the 

characteristics of a test may influence demand. (i.e. what are the key criteria to 

produce a publicly accepted screening test?). 
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9.3.2 Stage 2: Attribute development 

 

Attribute development largely followed the same process as the earlier diagnostic 

DCE. Attribute selection adopted an exploratory approach aiming to establish the most 

influential attributes relating to the acceptability of ovarian cancer screening. This 

approach was chosen to maximise the relevance of the final attributes to the research 

question aiming to understand preferences and demand for hypothetical/future 

screening programmes. The process is summarised in Figure 9.2. 
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Figure 9.2: Overview of the attribute selection process 

 
 
 
 

Literature

77 attributes

• Seventy-seven potential attributes were identified from the 
systematic review in Chapter 4. 

• Acceptability studies conducted alongside previous ovarian 
cancer screening trials were an additional source for attribute 
selection, however, no additional attributes were identified 
(Drescher et al., 2000; Drescher et al., 2004; Jenkins et al., 
2015)

Internal reduction 
exercise

13 attributes

• The PhD team evaluated the eligibility of each attribute 
according to a list of pre-specified criteria

• Following the same process as Chapter 5 - individual 
responses were compiled, and areas of disagreement were 
discussed in multiple rounds until consensus was reached.

Best worst 
scaling study with 
target population

4 attributes

•Object case BWS was used to understand the prioritisation of 
remaining attributes

•Online survey with 100 participants

•BWS included 13 tasks each with 4 attributes

•Respondents could also recommend additional attributes

•Results showed a very clear prioritisation of test performance 
attributes

•BWS were considered conclusive enough to not require an 
additional qualitative stage
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9.3.2.1 Identification of attributes 
 

The starting point for attribute development were the previous screening DCEs 

identified during the systematic review chapter. This evidence was combined with 

studies relating to the acceptability of screening, typically conducted alongside clinical 

trials (Drescher et al., 2000; Drescher et al., 2004; Jenkins et al., 2015). In total, 

seventy-seven potential attributes were identified. 

 

9.3.2.2 Internal reduction exercise 

 

Potential attributes were initially narrowed down by the research team via a reduction 

exercise following the same structure undertaken in Chapter 5. The criteria used to 

disqualify attributes were:  

 

i. Relevance to tests which may be feasibly used to screen for ovarian cancer  

ii. Relevance to the setting (i.e. England and Wales)  

iii. Relevance to the population (i.e. people with ovaries over 40) 

iv. Overlap between attributes 

v. Attributes must be quantifiable  

vi. Attributes must be controllable and/or modifiable in context of ovarian 

cancer screening 

 

To moderate the influence of research biases the internal reduction exercise was not 

final and were subject to change based on the remainder of the attribute selection 

process. Following the reduction process, thirteen potential attributes remained (Table 

9.1). Attribute wording and definitions were adapted from existing screening DCEs and 

patient-facing documents (NHS UK, 2021a) and were assessed for clarity and 

understanding by two members of the public. 
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Table 9.1: Remaining candidate attributes following the internal reduction exercise. Attribute and 
descriptions were further narrowed down using BWS 

 

Attribute Description 

- Type of test 
What kind of test you will have. This could be a 
blood test, internal pelvic ultrasound scan and/or 
pelvic examination 

- Accuracy: chance of false 
negative result 

Chance that the test will miss cancer in a patient 
who actually does have the disease 

- Accuracy: chance of a false-
positive result 

Chance of receiving an abnormal or “positive” result 
when there is no cancer actually present. This will 
likely cause unnecessary worry and will mean 
undergoing extra tests 

- Chance of needing a follow up 
test 

A follow up test may be needed if you have an 
abnormal or unclear result. Only a small proportion 
of these people will actually be diagnosed with 
cancer 

- Chance of dying from ovarian 
cancer 

How much does having the test reduce the chance 
of dying from ovarian cancer   

- Chance of cancer diagnosis The chance that you will be diagnosed with cancer 

- Chance of being 
unnecessarily diagnosed and 
treated for a cancer that 
would never have caused 
symptoms or death 

This is known as overdiagnosis. An overdiagnosed 
person has cancer but will never have symptoms 
and will die of other causes. For these people 
treatment may do more harm than good.  

- Screening interval 
How often you will be invited for a test. This could 
range from once in your lifetime to once a year 

- Test location 
Where the test takes place (e.g. local GP surgery, 
hospital or specialist centre) 

- Action required by you to 
arrange the result 

How you make the appointment- e.g. pre-assigned 
appointment time, ring, online 

 
- Who performs the test? 

How experienced the healthcare professional 
preforming the test is with the procedure.  
 

- Waiting time for the test 
How long you have to wait to have a test once you 
have been invited for screening 

- Waiting time for the result 
How long you have to wait to receive your results 
after having the test 
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9.3.2.3 Best worst scaling study with the target population  
 

Object-case best-worst scaling (BWS) was used to understand the relative importance 

of the remaining thirteen potential attributes to the target population (Table 9.1). This 

section provides an abbreviated version of the methods and results of the BWS study. 

A detailed summary is provided in Appendix 9.1.  

 

Methods  

 

Survey development 

A BIBD was generated in SAS 9.4. The design consisted of 13 choice tasks. Each 

choice task included a sub-set of four attributes from which participants were asked to 

select the “most important” and least important”. Each attribute appeared four times 

across the choice tasks. Overall, the experimental design had a d-efficiency of 81.3%. 

An example choice task is shown in Figure 9.3.  

 

The BWS study was embedded into an online survey hosted on Limesurvey 

(Limesurvey.com). A full version of the questionnaire is provided in Appendix 9.2. Data 

was collected in May 2021. 

 

To ensure no relevant attributes were missed and mediate the influence of the internal 

reduction exercise, an open-ended question was included asking participants if there 

were any additional attributes they would consider important when making a decision 

about ovarian cancer screening. 

 

Participants 

Participants were recruited using Prolific (Prolific.co). Participation was limited to 

women and people with ovaries over the age of 40 (no upper limit), living in England 

and Wales. The minimum sample size estimated alongside the BIBD was 52, given 

the uncertainty surrounding this estimated a target sample size of 100 was chosen9.  

 

 
9 When generating BIBD in SAS an estimated minimum sample size is provided, however, it is 

unclear how this estimate is derived. Currently there is no guidance on appropriate sample size for 
best-worst scaling studies.  
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Analysis  

 

BWS data were analysed using the counting approach. Raw counting scores ranged 

between -400 and +400 (4 attribute appearances x 100 respondents), with a higher 

score indicating greater importance. To aid interpretation, scores were standardised 

to between -1 and +1.  

 

Results 

 

Counting results are shown on a spatial scale in Figure 9.4.  Importance scores formed 

two distinct groups. Attributes in cluster 1 were the most important to respondents are 

related to the performance characteristics of tests. Attributes in the second cluster 

were distinctly less important to respondents and related to service delivery aspects 

of screening (except for “chance of needing a follow up test”).  

 

 

Figure 9.3: Example of a choice task from the best-worst scaling study 
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Chance of dying from ovarian cancer
0.65 [0.53–0.76]

Accuracy: chance of false negative result
0.44 [0.36–0.51]  Chance of being unnecessarily diagnosed and treated for a 

cancer that would never have caused symptoms or death 
0.42 [0.33–0.51]

Chance of cancer diagnosis
0.34 [0.26–0.41] Accuracy: chance of a false positive result

0.32 [0.27–0.37] 

Waiting time for the result
-0.03 [-0.03– (-0.03)] 

Chance of needing a follow up test
-0.09 [-0.16–(-0.02)] Waiting time for follow up test 

-0.11 [-0.12–(-0.10)]

Screening interval
-0.18 [-0.25–(-0.11)]

Type of test
-0.28 [-0.40–(-0.16)]

Who performs the test
-0.47 [-0.61–(-0.33)]Test location

-0.47 [-0.58–(-0.36)]

Action required by you to arrange the test
-0.51 [-0.62–(-0.40)]

Figure 9.4: Best-worst scaling counting analysis results 

Attribute classification: 
 

 

● Test performance    
           
● Service delivery 
 
● Outcome 

 
 
 
 
 



 
 
 

293 
 

Additional attributes 

 

Seventy-eight of the 100 participants did not specify any additional attributes that 

would be important to their decision to screened. Suggestions of additional attributes 

provided by the remaining participants were categorised into nine general themes 

(Figure 9.5). With exception of staff continuity, all additional suggestions had been 

recognised during attribute identification stage and ruled out during attribute 

identification based on the previously described criteria.  

 
Figure 9.5: Additional attributes identified from the free text question inviting respondents to add any 
additional attributes they consider important 

 
 
 

9.3.2.4 Interpretation and final selection of attributes 

 

Best-worst scaling results demonstrated a stark separation between the importance 

of test performance characteristics and service delivery attributes. The large 

differences in preferences indicated it would not be appropriate to combine attributes 

from the two clusters in a single experiment as this would likely encourage non-trading 

behaviour and attribute non-attendance. Given the decisiveness of results, it was 
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decided further attribute selection methods such as the online workshops utilised 

within the diagnostic testing DCE were not necessary.  

 

The attributes selected for the pilot study are shown in Table 9.2. Cancer risk was not 

included as an attribute despite its importance within the BWS study due to difficulties 

in determining individual-level risks within a general population sample. Potential side 

effects/adverse events were the most commonly suggested write-in attributes but was 

excluded during the internal attribute reduction exercise based on relevance to ovarian 

cancer since risks associated with candidate screening tests (blood tests and/or 

ultrasound scans) are low (Cancer Research UK, 2022). However, results from RCTs 

demonstrated significant risks of serious adverse events associated with confirmatory 

testing in secondary care following a false positive result (Menon et al., 2021). The 

risk of adverse events was therefore incorporated into the description of the false 

positive attribute within the final survey rather than a separate attribute.  

 

9.3.2.5 Level assignment 
 

Levels for false positive and false negative attributes were assigned based on 

evidence from two large-scale ovarian cancer screening randomised controlled trials; 

The Prostate, Lung, Colorectal and Ovarian Cancer Screening Trail (PLCO) and The 

United Kingdom Collaborative Trial of Ovarian Cancer Screening trial (UKCTOCS). 

The PLCO trial was based in USA and included 78,000 women (Buys et al., 2011; 

Pinsky et al., 2016). Participants in the intervention arm underwent an annual CA125 

blood test and transvaginal ultrasound for a period of 3-5 years with a median follow 

up period of 14.7 years. The UKCTOCS trial took place in the UK and recruited over 

200,000 participants (Jacobs et al., 2016; Menon et al., 2021). Participants in the 

intervention arm received either an annual CA125 test interpreted using the Risk of 

Ovarian Cancer Algorithm (ROCA) or an annual TVUS. Median follow up time was 

16.3 years.  

 

Mortality from ovarian cancer in the control arm of the UKCTOCS trial was 0.4% 

(Menon et al., 2021). This figure was used to describe the consequences of no 

screening. Results from both trials suggest that current approaches to ovarian cancer 

screening have no impact on deaths. A reduction in mortality is the minimum 
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requirement for any potential screening programme, therefore levels assuming a 25%, 

50% and 75% reduction in mortality were assigned. 

 

Overdiagnosis was estimated to be 28% for type II tumours and 72% for all other 

ovarian tumours. However, the definition of overdiagnosis differed from the DCE 

attribute and was defined as cancers that would not have been detected without 

screening (number of tumours detected during the follow-up period/number of screen-

detected tumours). The UKCTOCS trial did not formally measure overdiagnosis 

however, authors speculated overdiagnosis was not an issue since ovarian cancer 

incidence did not significantly differ between treatment arms and due to the often-

aggressive nature of the disease. Given the uncertainty in overdiagnosis in ovarian 

cancer and challenges in the quantification of overdiagnosis in cancer screening more 

broadly (Carter et al., 2015) , a range of 0-25% was chosen for the DCE. This figure 

was based on current evidence surrounding breast cancer screening (Bulliard et al., 

2021; Puliti et al., 2012).  Percentages were converted into numeric values based on 

a prevalence of 65 cancers per 10,000 people without screening. 
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Table 9.2: Attributes and levels for the screening DCE 

Attribute wording Definition Levels 

Ovarian cancer 

deaths 

The number of people who 

will die of ovarian cancer over 

the course of 10 years 

10 per 10,000 people screened 

20 per 10,000 people screened 

30 per 10,000 people screened 

40 per 10,000 people screened 

(No screening) 

False positive 

results 

The number of people who do 

not have cancer that will 

receive an incorrect positive 

result over the course of 10 

years 

0 per 10,000 people screened (No 

screening) 

1,000 per 10,000 people screened 

2,000 per 10,000 people screened 

3,000 per 10,000 people screened 

4,000 per 10,000 people screened 

False negative 

results 

The number of people with 

cancer who will receive an 

incorrect negative result over 

the course of 10 years 

0 per 10,000 people screened (No 

screening) 

3 per 10,000 people screened 

7 per 10,000 people screened 

10 per 10,000 people screened 

13 per 10,000 people screened 

16 per 10,000 people screened 

20 per 10,000 people screened 

Overdiagnosed 

cancers 

The number of people who 

will be unnecessarily 

diagnosed and treated for 

cancer that would never have 

killed them or even caused 

symptoms over the course of 

10 years 

0 per 10,000 people screened (No 

screening) 

3 per 10,000 people screened 

7 per 10,000 people screened 

10 per 10,000 people screened 

13 per 10,000 people screened 

16 per 10,000 people screened 

 

9.3.3 Stage 3: DCE composition  
 

9.3.3.1 Construction of choice tasks 
 

Full or partial profiles: A full-profile format was chosen since the total number of 

attributes within each choice task was low (n=4).  
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Number of alternatives:  Each choice task contained two generic test alternatives 

“Test A” and “Test B”. A format comparing a single varying test alternative to a “no 

screening” alternative was considered given a primary research question is the 

demand for screening (i.e. the decision between testing and no testing). A two-profile 

approach was ultimately selected to maximise the trade-off information obtained from 

each task since it was anticipated that some respondents would always choose to be 

screened regardless of the attribute levels based on personal beliefs. 

 

Opt-out and indifference alternatives:  

Screening programmes rely on voluntary participation. People may choose not to be 

screened for an array of reasons such as fear, procrastination, inconvenience or low 

perceived benefits (Bennett et al., 2018). Given the low prevalence of ovarian cancer 

and the potentially high rates of harms, it was considered important to include an opt-

out alternative, particularly as estimating the demand for screening at different benefit-

harm ratios was a fundamental research question. This study builds on the findings 

from previous chapter by refining the wording of the opt-out alternative in order to 

avoid any ambiguity. The opt-out alternative was labelled “No screening” and was 

assigned constant levels based on the control arm of a large-scale RCT (Menon et al., 

2021).  There is no existing screening programme so a “status quo” option was also 

not considered (although arguably “no screening” is the current status quo).   

 

Inclusion of an indifference alternative was considered, however, was ruled out in 

order to limit the complexity of the choice tasks. This also follows current standard 

practice within the screening literature. Chapter 8 demonstrated that the inclusion or 

exclusion of an indifference alternative did not alter estimates of preferences is the 

context of ovarian cancer testing, however, this is one of a few limited studies within a 

healthcare setting so results may still be susceptible to biases of excluding the optout 

alterative observed in wider DCE literature.  

 

9.3.3.2 Experimental design 
 

A full-factorial design would result in 31 x 41x 62 = 432 choice tasks and 93,096 

potential paired combinations. Instead, an efficient fractional factorial design was 
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generated using Ngene 1.2 (Choice Metrics).  An initial design used during piloting 

was generated using small directional priors. Several designs with different numbers 

of choice tasks were considered. A design using 12 tasks was selected for the pilot to 

allow level balance across all attributes. It was unclear at this stage if blocking would 

be necessary given the complexity and challenges associated with risk-based 

attributes. The design was therefore split into two blocks of 6 choice tasks as a 

precaution and respondent acceptability was tested during piloting. Following piloting, 

the design was updated to a Bayesian efficient design using pilot results as priors.  

 

 

9.3.3.3 Choice task presentation: risk communication 
 

How to best communicate the risk-based attributes within the DCE was an important 

consideration during the development stage. If risk information is not well understood 

or well-presented the validity of any findings is diminished (Harrison et al., 2014). Risk 

communication is an ongoing and debated area of research meaning there is currently 

no standardised method (Trevena et al., 2021; Zipkin et al., 2014). The most 

appropriate risk communication is very situational dependent of the target population, 

intended purpose and magnitude of probabilities. Effective communication should 

ensure information is presented clearly to maximise understanding for the largest 

proportion of the target audience. Since the aim of the DCE was to measure underlying 

preferences, particular attention to ensure was the risk format was informative rather 

than persuasive was needed. However, the primary challenge in the context of ovarian 

cancer screening is the frequency of events. The prevalence of ovarian cancer is low 

(~7,500 new cases annually) compared to cancers where a screening programme 

currently exists such as breast cancer (~56,000 new cases annually) or colorectal 

cancer (~43,000 new cases annually) (Cancer Research UK, 2019). As a result, 

associated benefits and risks are also much lower meaning risk presentation formats 

used in screening decision aids particularly icon arrays are not directly transferable.  

 

Before developing the risk communication format for the DCE, a list of specifications 

was compiled based on recent publications. A full explanation of the specifications 

and related evidence is provided in Appendix 9.3.  
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In brief, the specifications when developing the risk communication format were: 

 

- Absolute risks not relative risks 

Relative risks have been shown to manipulate or persuade audiences by magnifying 

risk perceptions and decreasing understanding (Akl et al., 2011; Garcia-Retamero & 

Cokely, 2017; Zipkin et al., 2014).  

 

- Frequencies not percentages  

Research suggests rare events (i.e. those occurring less than 1%) may be less well 

understood when represented as percentages due to the use of decimal points 

meaning simple frequencies are preferable (Trevena et al., 2021).  

 

- Consistent denominator for frequencies 

To aid understanding and comparisons between alternatives uniformity in the size of 

the denominator is recommended both across and within attributes (Garcia-Retamero 

& Cokely, 2017; Garcia-Retamero & Galesic, 2009; Garcia-Retamero et al., 2010).  

 

- The population of interest should be the same across all attributes  

In practice, this means attributes such as false negatives should be expressed in terms 

of the number of people screened taking into account disease prevalence rather than 

in terms of only those with the disease (i.e. approach used in the diagnostic study) 

(Garcia-Retamero & Cokely, 2017). 

 

- Consistent framing of attributes 

To avoid biases in the willingness to trade between attributes, a consistent framing 

perspective should be adopted. (Akl et al., 2011; Michalovic et al., 2018; Zipkin et al., 

2014).. 

 

- Visual aids  

 

To maximise the effectiveness of visual aids there are some universal guidelines that 

aid the interpretability of graphics: 

a. visuals should be supplemented by numerical risks (Garcia-Retamero & 

Cokely, 2017; Okan et al., 2015; Trevena et al., 2021) 
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• ensure spatial features of visuals (e.g. height of bars, axis scales) are 

conventional and representative (e.g. avoid truncated scales) (Trevena et al., 

2021) 

• Use incremental risk format showing the (risk with and without intervention 

displayed in same array  

• Depict both positive and negative outcomes within the same visual (e.g. 

stacked bar charts or icon arrays showing outcomes for the entire population) 

• assess the graph literacy of the target audience (Garcia-Retamero & Cokely, 

2017) 

• validate visual aids by conducting usability studies with the target audience 

before implementation (Okan et al., 2015; Woller-Carter et al., 2012). 

 

Development process 

 

To ensure risk presentation within the DCE was optimised for the most people four 

potential versions were designed based on the evidence from existing literature and 

adaptations of existing decision aids (Figures 9.6-9.9). The alternative versions were 

tested in an online questionnaire with 50 women over the age of 40. Participants were 

shown all four versions and asked which they preferred—specifically, which they found 

easiest to understand.  
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Figure 9.7: Risk communication option B: Expected frequency tree 

Figure 9.6: Risk communication option A: classic DCE format 
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Figure 9.9: Risk communication option D: Bar chart 

Figure 9.8: Risk communication option C: Icon array 
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Results from the questionnaire comparing risk formats are shown in Figure 9.10. The 

adapted decision tree format was the most preferred option overall (mean ranking: 

1.87), followed by the traditional DCE format (mean ranking: 2.27). Bar chart (mean 

score: 3.04) and icon array (mean score: 3.93) formats were ranked lowest overall. 

 

Based on these results the decision tree format was selected for the DCE. This format 

benefits from being comparable to the traditional DCE format with a few modifications. 

No graphics are used therefore differences in graph literacy across the target 

population do not present a challenge.  

 
 
 
Figure 9.10: Ranking results for the alternative DCE formats (n=50) 

 
 
 
 
 

9.3.4 Stage 4: Instrument design 
 

 
The discrete choice experiment was embedded in an online survey hosted on 

Limesurvey (Limsurvey.org). Given the cross-over in topic, the survey shared many 

similarities with the diagnostic testing DCE. A summary of key changes made to the 

survey is provided in Table 9.3.  The wording of the survey was checked by two 

members of the public and further refined following the piloting stage. 

1st 2nd 3rd 4th

Traditional 16 19 12 3

Frequency Tree 25 16 9 0

Bar Chart 7 12 18 13

Icon Array 2 3 11 34
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Table 9.3: Summary of changes to the survey instrument 

Added Removed Explanation 

Background information 

Additional information on the format of DCE 

questions and instructions on how to 

complete choice tasks  

A significant proportion of respondents in the 

diagnosis DCE reported finding the task difficult or 

very difficult. Additional instructions were added to 

help familiarise respondents with the DCE tasks prior 

to the start of the questions 

Sociodemographic questions 

No changes 

Health related questions  

Two questions relating to screening 

behaviour for breast and cervical cancer. 

Questions were tailored to the age of the 

respondent based on screening guidelines 

 It is anticipated that current screening behaviour will 

be linked to intentions to undergo additional 

screening for ovarian cancer 

 If you had a symptom that you thought might 

be a sign of ovarian cancer, how long would 

it take you to go to the doctors from the time 

from first noticed the symptom? 

This question was not relevant to screening 

behaviour 

 How much confidence and trust do you have 

in general practitioners (GPs)? 

This question was not relevant to the screening 

context 
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 When seeking help for medical issues, how 

much do you wish to be able to be involved 

in decisions about the medical process? 

This question was not relevant to the screening 

context 

 When seeking help for medical issues, how 

much do you feel able to be involved in 

medical decisions about the medical 

process? 

This question was not relevant to the screening 

context 

 BFI-10 used to measure personality traits of 

respondents.  

No associations between any personality traits and 

preferences was found within the diagnostic DCE. 

This set of questions was removed to reduce the 

survey length and burden for respondents.  

Rationality checks 

 Transitivity and stability checks were 

removed 

Failures within the diagnostic DCE (and broader DCE 

literature) had a limited impact of model estimates. 

Inclusion of these checks involved the addition of 3 

choice tasks, increasing the survey length and 

complexity. Given the risk-heavy attributes checks 

were removed to manage complexity. A choice task 
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with a dominant alternative was included to check for 

monotonicity failures. 

Qualifying/debriefing questions 

Five assess respondents numerical/risk 

literacy. Questions were adapted from 

published instruments (Schapira et al., 

2012; Schwartz et al., 2005) 

 The importance of understanding the numerical 

literacy of the target population given the risk-heavy 

attributes (Trevena et al., 2021). Responses were 

used during analysis to assess any differences in 

responses based on numeracy ability but were not 

used to exclude respondents. There was no penalty 

for completing these questions incorrectly (this was 

made clear to respondents) and a “I am not sure” 

option was provided.  

 Reasons for selection of indifference 

alternative 

An indifference alternative was not provided in this 

survey 

Attention checks 

No changes. Two attention check questions were included to verify the quality of respondents to accommodate the online format of the 

questionnaire. 
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9.3.5 Stage 5: Piloting 
 

Prior to final data collection, a two-stage pilot study consisting of think-aloud interviews 

and quantitative survey testing was conducted. The purpose of the pilot study was to 

determine the: 

i. Acceptability and understanding of task instructions 

ii. Understanding of attributes, levels and descriptions 

iii. Decision-making processes of respondents when completing choice tasks 

and identify any patterns in non-trading behaviour 

iv. Optimal number of choice tasks per person 

v. Minimum sample size for final data collection 

vi. Acceptability of the online format and wider survey instrument 

 

Results of the pilot study were used to refine the DCE choice tasks and accompanying 

survey instrument using an iterative process.  

 

9.3.5.1 Qualitative piloting: Think-aloud interviews 

 

Five interviews with members of the public formed the first stage of piloting. Following 

the diagnostic testing DCE, interviews used the think-aloud technique where 

respondents verbalised their thoughts whilst completing the choice tasks.  

 

The sample was limited to women over the age of 40. Respondents were recruited via 

social media (e.g. Facebook) and personal connections. All respondents received an 

information sheet about the survey and completed an electronic consent form at least 

48 hours prior to the scheduled interview. Interviews were conducted online via Zoom. 

Interviews were held in December 2021. 

 

Subjects completed all 12 choice tasks to allow the appropriate number of choice tasks 

to be assessed.  Following completion of the DCE tasks, several follow up questions 

were asked to further investigate the decision-making processes of participants and 

identify any difficulties or areas requiring further refinement. A full interview schedule 

in provided in Appendix 9.4.  
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Interviews were digitally recorded and transcribed verbatim. Interview findings, 

including participant responses and notes on observed behaviour were analysed 

thematically.  

 

The five interview participants all identified as women, were aged 43-65 years old 

and lived across England, primarily the North-East region (n=3).  Interviews lasted 

between 35 and 52 minutes.  

 

Summary of changes following qualitative piloting 

 

Analysis of pilot interviews is shown in Appendix 9.5. Several changes were made 

prior to quantitative piloting in response to findings from the think-aloud interviews.   

 

All changes related to the introductory information which contextualised the choice 

task and provided instructions for survey participants. Firstly, additional information 

was added to provide respondents with further information on the prevalence of 

ovarian cancer. Respondents were told that without screening 65 people per 10,000 

screened were diagnosed with ovarian cancer. This figure was determined based on 

data from the UKCTOCS trial (Menon et al., 2021).  

 

Next, an additional introductory page was added describing potential risk and 

protective factors of ovarian cancer. The purpose of this information was to allow 

respondents to form a perception of their personal risk of ovarian cancer in order to 

further contextualise screening decisions and willingness to endure risks of testing.  

 

To avoid any anxiety arising from the hypothetical choice tasks, both introductory and 

debriefing information pages were updated to emphasise screening related to 

individuals without symptoms and reiterate the availability of testing for people 

experiencing symptoms.  

 

When competing choice tasks, all respondents converted levels from frequencies to 

percentages. The addition of percentage information alongside numerical levels was 

considered. However, inconsistencies in how figures were converted and compared 



 
 
 

309 
 

between and within participants meant this was not feasible. This challenge was 

further compounded by the magnitude of any potential percentages when attempting 

to express percentages consistently in the context of the 10,000 people screened. 

Risk communication literature suggests small percentages are difficult to understand 

(Trevena et al., 2021). Encouragingly, interview findings suggest that for the most part, 

participants were able to comfortably convert numerical figures into their preferred 

format successfully in the absence of percentage information.  

 

Finally, respondents appeared to easily complete all twelve choice tasks without signs 

of fatigue or disengagement therefore blocking did not appear necessary although this 

would be confirmed based on the completion time and feedback during quantitative 

piloting. 

 

9.3.5.2 Quantitative piloting 

 

Quantitative piloting aimed to test the acceptability of the online survey instrument, 

check trading behaviour, refine the experimental design and determine the sample 

size requirements for the final study. A sample of 40 respondents recruited via Prolific 

to complete the pilot study. The sample reflected the target population for the final 

study. Each respondent completed the full survey including thirteen choice tasks (12 

plus an additional dominance check question).  

 

Results were analysed using a multinomial model. A number of additional analyses 

were carried out to assess the suitability of the survey instrument and identify any 

potential problems prior to final data collection. Additional summary analyses included:  

 

1. Self-reported task difficulty 

2. Length of time taken tom complete the survey 

3. Frequency of failures of the dominance question 

 

Results of quantitative piloting 

 

A summary of responses to sociodemographic questions from the pilot study is 

shown in Appendix 9.6.  
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Completion times ranged from 7 minutes 56 seconds to 51 minutes 3 seconds with a 

median time of 18 minutes 22 seconds. 

 

Self-reported difficulty responses for the pilot study are shown in Table 9.4. Responses 

varied as expected 40% (16/40) reported finding the DCE tasks difficult to complete. 

Encouragingly only three respondents (8%) selected “very difficult”.  

 

One respondent failed the rationality check by choosing the alternative that was 

objectively worse.  

 

Estimates from the model using continuous coding for all attributes are shown in Table 

9.5. All coefficients followed the expected direction of preferences, however, 

significance of estimates varied presumably due to the sample size. An additional 

model using categorical dummy-coding for all attributes was also estimated, however, 

almost all coefficients were insignificant meaning a full assessment of model 

specification could not be carried out at this stage.  

 

Table 9.4: Multinomial logit results from pilot study 

 

 

 

 

Attribute 
Coefficient 

(95% CI) 

Ovarian cancer deaths 
 -0.03 

(-0.10 – 0.04) 

False negative results 
 -0.12** 

(-0.23 – [-0.01]) 

False positive results 
 -0.00*** 

(-0.00 – [-0.00]) 

Overdiagnosed cancers 
 -0.06 

(-0.13 – 0.01) 

No screening 
  -3.76 

(-8.52 – 1.01) 

Model fit statistics 

LL -402.83 
Observations 1,440 
N 40 
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9.3.6 Stage 6: Refinement 
 

Quantitative piloting did not highlight any major problems within the survey therefore 

attributes and levels did not undergo any further changes (Table 9.2).  

 

All changes related to the debriefing questions immediately following the DCE tasks. 

Firstly, an additional question was added asking those who selected “no screening” 

for all choice tasks why they did so. The purpose of this question was to verify whether 

this behaviour was a genuine preference or a simplifying heuristic.  

 

A supplementary question explicitly asking if respondents ignored any attributes was 

added to complement the existing attribute non-attendance” question (“which 

characteristics did you base your choices on?”). The conditional follow-up question 

relating to reasons for non-attendance was also reworded (“Why did you ignore certain 

characteristics?”). The purpose of these changes was to improve the clarity in order 

to address the discordance between self-reported attendance questions observed 

during quantitative piloting (see Chapter 11 for further explanation).   

 

Experimental design  

 

The experimental design was updated using a Bayesian Efficient approach (main 

effects only). Results of the continuous model were used as priors, however, 

investigation of the appropriate data specification were carried out during the final data 

analysis. Examination of the d-error when varying the number of choice tasks 

confirmed 12 choice tasks was appropriate (after this point increasing the number of 

choice tasks provided no further information per choice task) (Figure 9.11). Both 

stages of pilot study confirmed 12 choice tasks was acceptable to respondents and 

blocking was not necessary. The Ngene syntax for the final design is shown in 

Appendix 9.7.  
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A copy of the final survey instrument is provided in Appendix 9.8.  

 

9.4 Chapter summary 
 

This chapter described the process of developing a DCE to investigate women’s 

preferences towards a potential screening programme for ovarian cancer. DCE 

development aimed to be rigorous and transparent and refined the evidence-based 

development framework outlined in previous chapters.  

 

This chapter utilised a simplified attribute selection process in comparison to the earlier 

DCE on diagnostic testing by excluding the online qualitative workshop phase. This 

decision was made following the results of the best-worst scaling study. Given the 

dominance and clear separation of test-performance characteristics to the 

comparatively large sample in the BWS study (compared to potential sample of focus 

groups/workshops). It was determined that any attempt to make participants trade-off 

between attributes falling in to the two separate clusters would resulting in non-

attendance and non-trading behaviour, a large issue in the diagnosis DCE, likely to be 

partially caused by the merging of findings from the quantitative and qualitative 

● Designs with level balance 
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findings from target population engagement. Whilst this approach avoided the 

challenge of reconciling multiple streams of evidence the absence of qualitative 

methods means the depth of exploration during attribute selection was more limited.  

 

The initial research questions of the DCE were broad in nature. The aim was to 

understand the key drivers of demand for screening and estimate how uptake may 

vary as barriers and facilitators were varied. Ultimately the selected attributes meant 

the research aims of the DCE were refined to a specific aspect of acceptability. 

Namely, what level of test performance is acceptable to women? What is the 

acceptable balance of benefits and harms of testing? This means results from the DCE 

address two questions that are fundamental for the assessment of any future 

screening programme by the UK National Screening Committee (UK NSC);  

 

• The acceptability of a screening programme to the public 

• The point at which the benefit of testing outweighs the harms 

 

Furthermore, DCE results may also be useful in evaluating the feasibility of screening 

programmes beyond patient acceptability since measures such as efficacy or cost-

effectiveness are dependent on achieving a threshold level of uptake.  

 

The design of the DCE improves on the shortcomings of the diagnostic DCE in several 

aspects. For instance, efforts were made to remove any ambiguity regarding the 

meaning of the opt-out alternative and the use of constant levels aims to clarify the 

consequences of opting for no screening. Secondly, additional debriefing questions 

were added to allow further investigate aspects of choice behaviour. For instance, 

questions relating to serial non-testers and additional questions relating to stated ANA.  

 

Given the prevalence of risk-based attributes, risk communication was a primary focus 

for this chapter was risk communication. This chapter builds on the lessons from the 

diagnostic DCE by explicitly incorporating disease prevalence into risky attributes. 

However, the low occurrence of ovarian cancer presented an additional challenge. By 

incorporating public consultation during the development process it is hoped risk 

communication is clear and understandable to the maximum number of respondents. 
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However, studies have demonstrated the most preferred risk presentation format is 

not always the most effective. Comparisons of DCE responses using different risk 

formats appears to be an important area for future research.  

 

Finally, this chapter aimed to ensure understanding of the DCE and survey instrument 

by undergoing a two-stage iterative pilot study prior to final data collection. Results 

suggest that despite the complexity of information included within the DCE, 

respondents appear to be engaged in the choice tasks and able to make trade-offs 

between attributes. 
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10 Women’s preferences towards a potential ovarian 

cancer screening programme: Results from a DCE 
 

10.1 Introduction 

 

This chapter describes the data collection process, analysis and results of a discrete 

choice experiment designed to elicit public preferences towards a potential ovarian 

cancer screening programme. The chapter utilises the survey instrument developed 

and piloted in the previous chapter. DCE results were used to calculate several welfare 

measures to aid the interpretation of results such as scenario analysis to predict 

screening uptake. The results from this chapter provide guidance on the acceptability 

of hypothetical tests used to screen for ovarian cancer. In particular, the results 

suggest a threshold of test performance candidate screening tests must achieve to be 

acceptable to women.  

 

10.2 Aims and objectives 
 

The primary aim of the survey was to examine women’s preferences towards ovarian 

cancer screening. Specifically focusing on test performance characteristics and the 

trade-offs between the benefits (i.e. reduced mortality) and harms of testing  

 

The primary objectives of this chapter were: 

 

(i) Measure the relative importance of test performance attributes relating to 

ovarian cancer 

(ii) To examine the willingness to trade between attributes based on marginal 

rates of substitution 

(iii) To estimate the uptake of screening for tests with different balances of risks 

and benefits using scenario analysis 

(iv) To explore sociodemographic characteristics which may influence stated 

preferences for screening 

(v) To investigate factors that may influence non-participation in screening 
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10.3 Methods 
 

10.3.1 Study population 
 

The target population for the DCE was women with at least one ovary over the age of 

40 years old. Women recruited from the general public was selected since this would 

be the target population eligible for screening if/when a universal screening becomes 

available. To overcome a limitation of the earlier diagnostic DCE, an ethnicity quota 

was introduced. Responses from white respondents were limited to 85% of the total 

sample. This limit was determined based on English and Welsh population statics from 

the 2011 census (ONS, 2021). No other limits to participation were applied.  

 

10.3.2 Sample size 
 

A minimum sample size of 45 participants was estimated based on the s-estimate 

approach described in Chapter 7 (Rose & Bliemer, 2013). A final sample size of 250 

to account for uncertainty in pilot results and allow investigation sociodemographic 

drivers of preference heterogeneity during analysis.  

 

10.3.3 Recruitment 
 

Following the success of previous studies, Prolific (Prolific.co) was used to recruit 

participants for the experiment. Participants were presented with an electronic 

information sheet and consent form prior to the beginning of the survey.  Participants 

were paid a completion fee of £2 directly into their prolific account.  

 

10.3.4 Analysis plan 
 

Anonymised data were downloaded and cleaned in SPSS v27 and data analysis was 

performed using Stata 17.  

 

Respondent characteristics were summarised using descriptive statistics to provide 

an understanding of the sample. 
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10.3.4.1 Ranking results 
 

Respondents were asked to rank the attributes within the survey in terms of 

importance from 1(most important) to 4 (least important). Results were analysed to 

understand the frequency of ranking position for each attribute and an average ranking 

score between 1 and 4, where a lower score indicates a higher level of importance.   

 

10.3.4.2 Analysis of stated choice data 
 

To begin, a main-effects multinomial logit (MNL) model including dummy-coded 

attribute levels was estimated. Parameter coefficients were assessed to determine the 

functional form of each attribute.  

 

Following confirmation of the correct functional form, a mixed logit (ML) model 

assuming a continuous linear specification was estimated based on the following utility 

function:  

𝑉 = 𝛼𝐵 +  𝛼𝑂𝑝𝑡−𝑜𝑢𝑡 + 𝛽1mortality + 𝛽2falsenegative + 𝛽3falsepositive

+ 𝛽4overdiagnosis 

 

Beta coefficients, 𝛽1 − 𝛽4 represent the relative utility weights of the four test 

performance attributes. The opt-out alternative was incorporated in the model using 

an ASC, 𝛼𝑂𝑝𝑡−𝑜𝑢𝑡. An additional ASC, 𝛼𝐵 was included in account for any left-right bias 

in respondent choices.  

 

Interpretation of findings 

 

Results from the ML model were used to calculate three measures to aid interpretation 

and application to policy questions: 

 

i. Relative importance of attributes 

Relative importance scores for each attribute were calculated to assess how much 

each attribute contributes to overall utility when considering the level range of each 

attribute. Scores range between 0 and 1 with higher scores indicating greater 

importance. 
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ii. Marginal rate of substitution (MRS) 

MRS calculations were used to explore the willingness to trade between the potential 

benefits and harms of screening. Specifically, trade-offs between attributes were 

calculated as the level of additional risk (i.e. overdiagnosed cancers, false positives or 

false negatives) that would be accepted to avoid one extra death.  

 

For example, eq. 1 provides an example willingness to accept (WTA) calculation and 

is interpreted as the additional number of false negative results per 10,000 people 

screened that would be accepted in exchange for one ovarian cancer death avoided 

over a 10-year period.  

 

                                                          
𝛽1mortality

𝛽2falsenegative
                                             eq.1 

 

iii. Predicted uptake 

Finally, expected uptake for different screening tests with varying levels of benefits 

and harms were estimated using the methods described in Chapter 7. Since no 

feasible candidate screening tests have emerged following clinical trials to date, 

scenarios were hypothetical and chosen to demonstrate potential changes in uptake 

as each attribute varies. 

 

Heterogeneity of preferences 

 

A latent class logit model was used to further explore preference heterogeneity.  The 

goodness-of-fit of models including between 2-7 classes were compared. The 

appropriate model was selected based on a balance between interpretability and 

goodness-of-fit statistics (AIC, BIC, CIAC and log-likelihood). Sociodemographic 

characteristics described in Table 10.1 were included within the model to test the 

influence of individual characteristics on the probability of class membership. 

Sociodemographic characteristics of interest were selected based on the systematic 

review presented in Chapter 4. 
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Table 10.1: Sociodemographic characteristics included in subgroup analysis and latent class logistic 
regression models 

Category Subgroups 

Age • Continuously coded 

Ethnicity • White 

• Non-white 

Education • Attended university 

• Did not attend university 

Employment • Currently working 

• Not currently working 

Children • Continuously coded 

Self-reported health • Good health 

• Average/below good health 

Ovarian cancer testing 
experience 

• Previously tested 

• Never tested 

Perceived risk of ovarian 
cancer 

• High risk 

• Average risk 

• Low risk 

Worry about ovarian cancer • Low  

• Moderate 

• High 

Know someone with ovarian 
cancer 

• Yes 

• No 

Cervical screening 
attendance  

• Always attends  

• Sometimes attends 

• Never attends 

Risk attitude  • Risk averse (score of 1-4 on willingness to take 
risks) 

• Risk neutral (score of 5-6 on willingness to take 
risks) 

• Risk seeking (score of 7-10 on willingness to take 
risks) 

Worried about ovarian 
cancer 

• Yes 

• No 

Symptom awareness • Continuously coded between 0-12 representing the 
number of symptoms recognised 

Low confidence in ability to 
recognise symptoms of 
ovarian cancer 

• Yes 

• No 

Task difficulty • Very easy/easy 

• Neither difficult or easy 

• Very difficult/difficult 

Numerical ability • Continuous variable 0-5 representing the number of 
correct responses 
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Sensitivity analysis 

 

To check the validity of responses, several sensitivity checks were performed. Firstly, 

individuals who failed the dominance rationality check were excluded to test the 

influence on parameter estimates. Next, subgroup analysis was performed to explore 

how self-reported task difficulty and numerical ability influenced model estimates.  

 

Finally, a heteroskedastic logit model including failures of the numeracy question 

and/or dominance task and self-reported task difficulty as scale factors was estimated 

to explore whether any of these factors influenced the error-variance (i.e. randomness) 

of responses.  

 

Analysis of opt-out behaviour 

Selection of the “no screening” alternative was examined to identify any common 

characteristics associated with increased non-screening behaviour. Reasons for serial 

non-participation across all choice tasks were summarised narratively. Finally, a 

logistic regression model with opt-out choices as the dependent variable and 

sociodemographic characteristics as the independent variables was estimated.  

 

10.4 Results 
 

10.4.1 Sociodemographic characteristics 
 

In total, 258 individuals began the survey. Four people dropped out part way through 

and an additional 4 people were excluded after failing the attention check questions, 

leaving a final sample size of 250 respondents. Key respondent characteristics are 

summarised in Table 10.2.  

 

Health history, behaviours and attitudes 

 

Responses to key health-related questions are provided in Appendix 10.1. Ovarian 

cancer worry was generally low across the population, with 74% of respondents stating 

little-to-no worry (184/250). Over three-quarters of respondents (192/250; 77%) 

indicated that they were not confident in their ability of recognise symptoms of ovarian 
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cancer. Rates of symptom recognition ranged from 22% (55/250) to 68% (169/250), 

and 12% (29%) did not recognise any of the key ovarian cancer symptoms. Current 

screening behaviour was varied, however 63% (157/250) of respondents reported 

undergoing cervical screening every time they received an invitation.  
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Table 10.2: Sociodemographic characteristics of respondents completing the DCE survey 

Characteristic  

Age 
Mean (SD) 
Range 

 
52.9 (8.7)  
40-80 

Ethnicity, n (%) 
White  
Mixed-white and black Caribbean 
Mixed- white and Asian  
Asian- Indian  
Asian- Chinese  
Black- African 
Black- Caribbean 
Other 
Prefer not to say 

 
198 (79%) 
6 (2%) 
5 (2%) 
5 (2%) 
8 (3%) 
9 (4%) 
10 (4%) 
6 (2%) 
3 (1%) 

Children 
Mean (SD) 
Range 

 
1.52 (1.2) 
0-5 

Relationship status, n (%) 
Single  
In a relationship  
Married/civil partnership  
Separated/divorce  
Widowed  

 
36 (14%) 
46 (18%) 
125 (50%) 
34 (14%) 
9 (4%) 

Education, n (%) 
No qualifications 
GCSE  
A-Level/ College  
Undergraduate  
Post-graduate/ professional quals  
Other  
Prefer not to say  

 
2 (1%) 
53 (21%) 
51 (20%) 
86 (34%) 
52 (21%) 
4 (2%) 
1 (0.4%) 

Employment, n (%) 
Employed, full-time  
Employed, part-time  
Self-employed  
Not employed  
Retired  
Other  
Prefer not to say 

 
84 (34%) 
58 (23%) 
35 (14%) 
9 (4%) 
31 (12%)  
31 (12%) 
2 (1%) 

Household income, n (%) 
£0-9,999  
£10,000-19,999  
£20,000-29,999  
£30,000-39,999  
£40,000- 49,999  
£50,000- 59,999  
£60,000-69,999  
£70,000+  
Prefer not to say  

 
12 (5%) 
36 (14%) 
41 (16%) 
43 (17%) 
38 (15%) 
16 (6%) 
17 (7%) 
25 (10%) 
22 (9%) 

Willingness to take risks (1 not at all – 10 completely willing) 
Mean (SD) 

 
4.3 (2.2) 

Task difficulty, n (%) 
Very easy 
Easy  
Neither easy or difficult  
Difficult  
Very difficult  

 
11 (4%) 
59 (24%) 
63 (25%) 
104 (42%) 
13 (5%) 
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10.4.2 Ranking 
 

Figure 10.1 shows the ranking frequency for each of the attributes. Ovarian cancer 

deaths was ranked first most frequently and was also the most important attribute 

overall with an average importance score of 1.58 out of 4. False positives and false 

negatives differed in the distribution of ranking position but appeared similar once 

ranking scores were averaged (false negatives=2.47 and false positives= 2.53).  

Overdiagnosed cancers was ranked least important overall with an average score of 

3.41. 

 

Figure 10.1: Frequency of ranking positions of each attribute in the stand-alone ranking question 

 

 

10.4.3 DCE results: multinomial and mixed logit results 
 

A multinomial logit model using dummy-coded levels was initially estimated to check 

the functional form of all attributes (Appendix 10.2). Coefficient plots for each attribute 

were examined and continuous linear coding appeared to be acceptable based on 

visual inspection (Appendix 10.3).  

 

Multinomial logit and mixed logit results using a continuous linear specification are 

shown in Table 10.3. The likelihood-ratio test demonstrated the mixed logit model, 

which accounts for preference heterogeneity resulted in a significant improvement in 

model specification, therefore interpretations focus on results from this model.  

Ovarian cancer
deaths

False negatives False positives
Overdiagnosed

cancers

1st 175 16 47 12

2nd 31 132 60 27

3rd 18 69 106 57

4th 26 33 37 154

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

%
 o

f 
p
a
rt

ic
ip

a
n
ts



 
 
 

324 
 

All attributes were significant and followed the expected direction. Since all attributes 

were negatively framed, the negative coefficients indicate an increase in incidence, for 

example, additional people dying from ovarian cancer, leads to a reduction in utility. 

The ASC associated with the “no screening” alternative was negative and large in 

magnitude, demonstrating an overall preference to be screened. However, the large 

standard deviation (4.74) indicates high levels of heterogeneity across respondents 

with almost 40% of respondents showing a preference towards no screening (based 

on a z-score of 2.29/4.74=0.48). Heterogeneity in preferences across the remaining 

parameters was also observed but at much lower levels as indicated by the smaller 

standard deviations. 

 

10.4.3.1 Relative importance scores 
 

Relative importance scores for each attribute are shown in Table 10.3. Ovarian cancer 

deaths (0.42) was most important overall. Interestingly, the order of importance 

differed from the ranking exercise with false negatives being least prioritised within the 

choice experiment.  

 

10.4.3.2 Marginal rates of substitution  
 

Table 10.4 shows the willingness to accept extra harms of testing to avoid one 

additional ovarian cancer death. Results relate to the number of additional harms per 

10,000 people screened over a 10-year period. For example, respondents were willing 

to accept an additional 205 false positive results over 10 years in exchange for one 

life saved.  

 

Column 2 converts the WTA estimates into percentages based on an incidence rate 

of 65 clinically meaningful cancers per 10,000 people over a 10-year period (Menon 

et al., 2021). Estimates demonstrate the acceptable percentage increase in harms 

exchanged for a 1% reduction in mortality. For example, participants were willing to 

accept a 1.59% increase in false negative results for a 1% reduction in mortality over 

a 10-year period.  
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Table 10.3: Multinomial logit and mixed logit model results 

 
 
 

 
Multinomial logit Mixed logit 

 Coefficient  
(95% CI) 

Relative 
importance 

Mean  
(95% CI) 

SD 
Relative 

importance 

Ovarian cancer deaths 
 -0.08*** 

(-0.09 – [-0.07]) 

0.47 
(0.44 – 0.51) 

  -0.14*** 
(-0.16 – [-0.12]) 

  0.10*** 
(0.08 – 0.12) 

0.42 
(0.40 – 0.44) 

False negative results 
 -0.02*** 

(-0.03 – [-0.01]) 

0.11 
(0.08 – 0.13) 

  -0.05*** 
(-0.07 – [-0.04]) 

   0.05*** 
(0.03 – 0.07) 

0.14 
(0.12 – 0.15) 

False positive results 
 -3.11x10-4*** 

(-3.73x10-4 – [-2.47x10-4]) 

0.27 
(0.27 – 0.27) 

-6.81x10-4*** 
(-8.10x10-4 – [-5.52x10-4]) 

 6.53x10-4*** 
(4.91x10-4 – 8.16x10-4 ) 

0.30 
(0.30 – 0.30) 

Overdiagnosed cancers 
 -0.03*** 

(-0.04 – [-0.02]) 

0.15 
(0.14 – 0.16) 

  -0.06*** 
(-0.07 – [-0.05]) 

   0.04*** 
(-0.18 – 0.35) 

0.14 
(0.13 – 0.15) 

No screening 
  -0.31*** 

(-0.17 – [-0.02]) 
- 

  -2.29*** 
(-3.01 – [-1.57]) 

  4.74*** 
(3.75 – 5.72) 

- 

Model fit statistics 

LL -2881.70 -1913.08 

LR test (ML vs MNL) -     1937.2*** 

Observations 9,000 9,000 

N 250 250 

Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% confidence level 
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Table 10.4: Willingness to accept additional harms (per 10,000 people screened) to avoid an 
additional ovarian cancer death over a 10-year period. 

 WTA per 1 
additional death 

avoided (95% CI) 

WTA per 1% 
reduction in 

mortality (95% CI) 

Number of additional false negative results 
2.59 

(1.82 – 3.36) 
1.59% 

(1.13-2.07%) 

Number of additional false positive results 
205.20 

(161.89 – 248.51) 
0.83% 

(0.65-1.00%) 

Number of overdiagnosed cancers 
2.35 

(1.76 –2.94) 
1.40% 

(1.05-1.73%) 

 
 

10.4.3.3 Predicted uptake 
 

Table 10.5 shows the predicted uptake for different hypothetical screening tests 

described in terms of the four DCE attributes. Predicted participation levels were 

generally high. Scenario 1 represents the current performance of ovarian cancer 

screening based on outcomes of the UKCTOCS trial (Henderson et al., 2018; Menon 

et al., 2021). Despite the significant risk of harms and no impact on mortality, results 

suggest 78% (95% CI: 66-89%) of respondents would still choose to be tested, 

demonstrating a strong preference to undergo screening.   

 

10.4.3.4 Sensitivity checks 
 

In total, twelve respondents chose the inferior alternative in the dominance rationality 

check choice task. Sensitivity analysis revealed no significant changes in any model 

parameters when failing respondents were excluded from the analysis (Appendix 

10.4).  On this basis, all responses were maintained.  

 

Subgroup analysis revealed differences in parameter estimates based on both self-

reported task difficulty and numerical ability. For example, those who found the DCE 

tasks easy and/or displayed high numeric ability showed a preference for no screening 

and placed higher importance on ovarian cancer deaths. A heteroskedastic logit model 

was used to investigate the effects of both factors on scale heterogeneity (i.e. error 

variance) (Table 10.6). Scale terms associated with both task difficulty and numerical 

ability were insignificant suggesting error variance did not differ across individuals 
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based on these factors. Interaction models revealed that differences in model 

estimates between the subgroups remained even after controlling for scale 

heterogeneity, suggesting differences were due to genuine preference heterogeneity 

rather than response variation based on task understanding or burden.  

 

Table 10.5: Scenario analysis estimating uptake of ovarian cancer screening tests with differing levels 
of benefits and harms 

 

Attributes 
Predicted 

uptake 

Ovarian cancer 
deaths 

False negatives False positives Overdiagnosis 
% Participation 

(95% CI) 

1* 
40 in 10,000 

(0% reduction) 
7 in 10,000 

(10%) 
994 in 10,000  

(1%) 
0 in 10,000 

(0%) 
77.5% 

(65.8-89.1%) 

2 
30 in 10,000  

(25% reduction) 
23 in 10,000 

(35%) 
994 in 10,000 

(1%) 
28 in 10,000  

(30%) 
52.6% 

(34.5-70.7%) 

3 
36 in 10,000  

(10% reduction) 
7 in 10,000 

(10%) 
1987 in 10,000 

(2%) 
0 in 10,000  

(0%) 
75.3% 

(63.1-87.5%) 

4 
10 in 10,000  

(75% reduction) 
13 in 10,000  

(10%) 
3974 in 10,000 

(4%) 
16 in 10,000  

(20%) 
89.3% 

(81.5-97.1%) 

5 
20 in 10,000  

(50% reduction) 
7 in 10,000 

(10%) 
1987 in 10,000 

(2%) 
0 in 10,000  

(0%) 
96.6% 

(94.3-99.0%) 

6 
10 in 10,000  

(75% reduction) 
10 in 10,000 

(15%) 
2981 in 10,000 

(3%) 
3 in 10,000 

(5%) 
97.7% 

(95.8 – 99.5%) 

7 
20 in 10,000  

(50% reduction) 
7 in 10,000 

(10%) 
497 in 10,000 

(5%) 
0 in 10,000 

(0%) 
98.7% 

(97.8-99.7%) 

8 
8 in 10,000  

(80% reduction) 
3 in 10,000  

(5%) 
994 in 10,000 

(1%) 
0 in 10,000 

(0%) 
99.7% 

(99.4-99.9%) 

9 
0 in 10,000  

(100% reduction) 
0 in 10,000  

(0%) 
0 in 10,000 

(0%) 
0 in 10,000 

(0%) 
99.9% 

(99.9 - 100%) 

*Scenario reflects current screening performance based on UKCTOCS trial 

 

.  

 

 

 

 

 



 
 
 

328 
 

Table 10.6: Heteroscedastic logit model used to investigate scale heterogeneity between respondents 
based on numerical ability and self-reported task difficulty 

 

 Scale terms only 
Numeracy 

interaction model  
Task difficulty 

interaction model  

 
Coefficient 
(95% CI) 

Coefficient 
(95% CI) 

Coefficient 
(95% CI) 

Attributes 

Ovarian cancer deaths -0.07*** 
(-0.09 – [-0.06]) 

-0.07*** 
(-0.08– [-0.06]) 

-0.07*** 
(-0.08– [-0.06]) 

False negative results -0.02*** 
(-0.03 – [-0.01]) 

-0.02*** 
(-0.04 – [-0.01]) 

-0.03*** 
(-0.05 – [-0.02]) 

False positive results -2.71x10-4*** 
(-3.56x10-4 – [-1.85x10-4]) 

-3.12x10-4*** 
(-3.91x10-4 – [-2.45x10-4]) 

-4.10x10-4*** 
(-5.04x10-4– [-3.17x10-4]) 

Overdiagnosed cancers -0.03*** 
(-0.04 – [-0.02]) 

-0.04*** 
(-0.05 – [-0.03]) 

-0.04*** 
(-0.05– [-0.02]) 

No screening 0.35* 
(-0.02 – 0.74) 

4.05x10-4 
(-0.48 – 0.48) 

-0.56** 
(-1.08– [-0.03]) 

Interaction terms 

Ovarian cancer deaths × High numeracy  
0.05* 

(-0.00 – [-0.09]) 
 

False negative results × High numeracy  
0.02*** 

(0.01 – 0.04) 
 

False positive results × High numeracy  
2.41x10-4*** 

(8.24x10-5 – 4.00x10-4) 
 

Overdiagnosed cancers × High numeracy  
0.03*** 

(0.02 – 0.05) 
 

No screening × High numeracy  
0.31 

(-0.46 – 1.08) 
 

Ovarian cancer deaths × Task easy   0.01 
(-0.11 – 0.13) 

False negative results × Task easy   0.03*** 
(0.01 – [-0.05]) 

False positive results× Task easy   3.91x10-4*** 
(1.05x10-4 – 5.33x10-4) 

Overdiagnosed cancers × Task easy   0.02 
(-0.02 – 0.05) 

No screening × Task easy   1.46 
(-0.08 – [-0.06]) 

Ovarian cancer deaths × Task neutral   0.02 
(-0.06 – 0.11) 

False negative results × Task neutral   0.03** 
(0.01 – 0.05) 

False positive results × Task neutral   2.74x10-4* 
(-9.38x10-6 – 5.58x10-4) 

Overdiagnosed cancers × Task neutral   0.02 
(-0.01 – 0.05) 

No screening × Task neutral   0.93* 
(-0.47 – 3.07) 

Scale terms 

High numeracy 0.17 
(-0.06 – 0.39) 

1.32 
(-0.43 – 3.07)  

Self-reported difficulty: very easy/easy 0.11 
(-0.16 – 0.38) 

 0.74 
(-1,26– 2.75) 

Self-reported difficulty: neither easy or difficult 0.09 
(-0.18 – 0.36)  0.83 

(-1.35– 3.01) 

Model fit statistics 
LL 2878.49 -2867.38 -2854.43 
Observations 9,000 9,000 9,000 
N 250 250 250 

Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% confidence level 
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10.4.3.5 Preference heterogeneity - Latent class model 
 

Examination of model statistics indicated that a five-class model provided a good 

balance between model-fit and interpretability given the sample size (Appendix 10.5). 

Latent class logit results are shown in Table 10.7. The model included several 

sociodemographic characteristics which are interpreted relative to the fifth class.  

Mean attribute importance scores (Figure 10.2) and WTA estimates (Table 10.8) for 

each preference class were calculated based on model coefficients.  

 

Class 1: Conscientious testers 15.6% 

This group showed a significant preference for screening versus no screening and 

appeared willing to trade between all attributes as indicated by the significance of all 

model parameters. Decisions for this group appear to be most focused on the balance 

between the two most important attributes: false positive results (importance score= 

0.51) and mortality (importance score=0.22). Despite being significant, false negatives 

(0.13) and overdiagnosed cancers (0.14) appeared less important to this class. 

Responses in this preference class were also less likely to be from individuals who 

know someone diagnosed with ovarian cancer and less likely to be university-

educated. 

 

Class 2: Risk-conscious traders (23.1%) 

Class 2 was the second biggest preference group identified by the model. Similar to 

Class 1, risk of false positive results was the most important factor for this group 

(importance score=0.40). Overall, this class placed the lowest relative importance on 

ovarian cancer deaths (0.16) whilst also expressing a very strong preference for 

screening, as indicated by the large negative “no screening” ASC. This finding 

suggests undergoing screening may offer an additional intrinsic benefit beyond 

outcomes for this group, such as a psychological benefit or “peace of mind”. 

Responses in this group were significantly more likely to belong to individuals 

exhibiting lower numerical ability and have found the DCE tasks difficult—both of 

which may influence the ability to engage with choice tasks although sensitivity 

analysis suggested this was not a concern within this study. 
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The lower importance placed on mortality leads to surprising WTA results; 

respondents were willing to accept just 5 false negatives per 10,000 people screened 

and 7 overdiagnosed cancers per 10,000 people screened to avoid 10 ovarian cancer 

deaths over a period of 10 years.  

 

Class 3: Mortality-focused non-testers (10.8%) 

Class 3 was the smallest preference class identified within the model. Responses in 

this class were the most test-averse group. Ovarian cancer deaths was the only 

significant attribute within this model meaning WTA estimates for this group were also 

insignificant. There were no clear sociodemographic drivers of class membership 

although there was evidence on a weak relationship between decreased perceived 

risk of ovarian cancer and lower worry about ovarian cancer within this group.  

 

Class 4: Screening-averse non-testers (19.6%) 

This class displayed a strong preference for no screening. Preferences were primarily 

driven by the risk of ovarian cancer deaths and overdiagnosed cancers, with false 

positives and false negatives not significantly influencing utility at a 95% confidence 

level. The relative importance of overdiagnosed cancers was highest for this class 

overall (0.28) suggesting this class were more risk conscious than class 3 which was 

comparable in terms of preference for no screening. This class was significantly more 

likely to exhibit low worry about ovarian cancer and have low self-perceived risk of 

cancer. Individuals with responses in this class were also significantly less likely to 

regularly undergo cervical screening suggesting a general averseness to screening. 

 

Class 5: Mortality minimisers (30.9%) 

This was the largest class within the model. This class appeared to be indifferent 

towards testing as indicated by the non-significant no screening ASC. This group 

appeared to prioritise the outcomes and risks for individuals with ovarian cancer, 

placing greater importance on ovarian cancer deaths (0.57) whilst false positive results 

for those without cancer did not impact utility. Responses in this class exhibited the 

highest willingness to accept additional false negative results (2.89 per 10,000) and 

overdiagnosed cancers (2.22 per 10,000) in exchange for an additional live saved.  
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Table 10.7: Latent class analysis results 

 Class 1 Class 2 Class 3 Class 4 Class 5 
 Coefficient 

(95%CI) 
Coefficient 

(95%CI) 
Coefficient 

(95%CI) 
Coefficient 

(95%CI) 
Coefficient 

(95%CI) 

Attribute utility weights  

Ovarian cancer deaths 
-0.07*** 

(-0.09 – [-0.05]) 

-0.03*** 
(-0.05 – [-0.02]) 

-0.19*** 
(-0.24 – [-0.15]) 

-0.05** 
(-0.09 – [-0.01]) 

-0.34*** 
(-0.41 – [-0.26]) 

False negative results -0.05*** 
(-0.08 – [-0.02]) 

-0.07*** 
(-0.09 –[-0.05]) 

0.02 
(-0.03 – 0.06) 

0.07* 
(-0.00 – 0.14) 

-0.12*** 
(-0.15 – [-0.08]) 

False positive results -0.001*** 
(-0.001 – [-0.001]) 

-5.80x10-4*** 
(-7.21x10-4 – [-4.37x10-4]) 

-2.07x10-4 
(-4.83x10-4 – 7.01x10-5) 

-4.00x10-4* 
(-7.48x10-4 – [-5.23x10-5]) 

2.15x104 
(-5.82x10-5– 4.89x104) 

Overdiagnosed cancers -0.05*** 
(-0.08 – [-0.03]) 

-0.05*** 
(-0.07 – [-0.03]) 

-0.01 
(-0.06 – 0.03) 

-0.08** 
(-0.14 – [-0.02]) 

-0.15*** 
(-0.21 – [-0.10]) 

No screening 
-1.35*** 

-2.23 – [-.0.47]) 

-5.19*** 
(-6.09 – [-4.30]) 

4.32*** 
(2.36– 6.28) 

3.53*** 
(1.88 – 5.18) 

1.03 
(-0.27 – 2.31) 

Class probability model 

Know someone diagnosed with OC -1.89** 
(-3.57 – [-0.22]) 

-1.00* 
(-2.14– 0.15) 

0.60 
(-0.50 – 1.70) 

-0.50 
(-1.62 – 0.62) 

- 

Attended university -1.37** 
(-2.41– [-0.33]) 

   -1.11*** 
(-1.95 – [-0.27]) 

0.47 
(-0.73 – 1.66) 

-0.65* 
(-1.50 – 0.19) 

- 

Always attends cervical screening -0.95* 
(-1.96 – [-0.07]) 

0.10 
(-0.80 – 0.99) 

0.19 
(-1.00 – 1.38) 

 -0.78** 
(-1.61 – [-0.02]) 

- 

Found DCE difficult/very difficult    2.67*** 
(1.41 – 3.92) 

 1.01** 
(0.18 – 1.84) 

0.55 
(-0.48 – 1.57) 

0.12 
(-0.75 – 0.99) 

- 

Low OC worry -0.55 
(-1.65 – 0.54) 

0.39 
(-0.52 – 1.30) 

1.41* 
(-0.07 – 2.90) 

   1.47*** 
(0.36 – 2.58) 

- 

Low perceived OC risk 
1.89** 

(0.50– 3.28) 
   1.65*** 

(0.52 – 2.78)T 

1.21* 
(-0.10 – 2.52) 

   1.53*** 
(0.45 – 2.61) 

- 

Numeracy ability -0.08 
(-0.54 – 0.37) 

  -0.67*** 
(-1.05 – [-0.29]) 

0.03 
(-0.48 – 0.54) 

-0.31 
(-0.72 – 0.09) 

- 

Low confidence in identifying OC symptoms 
 0.79 

(-0.76 – 2.34) 
0.10 

(-1.08 – 0.89) 
0.58 

(-1.79 – 0.63) 
  -0.80** 

(-1.71 – 0.11) 
 

Constant -1.07 
(-3.67 – 1.52) 

1.91** 
(0.05 – 3.77) 

-2.85** 
(-5.63 – [-0.06]) 

0.79 
(-1.22 – 2.80) 

- 

Class probabilities     

 15.0% 23.2% 10.9% 20.0% 30.9% 

Model fit statistics     
Log-likelihood -1856.69 
AIC 3845.38 
BIC 4077.79 
CAIC 4025.98 
Key: ***significant at 99% confidence level;  **significant at 95% confidence level; *significant at 90% confidence level 
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Table 10.8: Willingness to accept estimates for each preference class. WTA estimates represent additional harms (per 10,000 people screened) to avoid an 
additional ovarian cancer death over a 10-year period (95% CI). 

 Class 1 Class 2 Class 3 Class 4 Class 5 

Number of additional false negative results 
1.39*** 

(0.43 – 2.35) 
0.51*** 

(0.28 – 0.73) 
-11.44 

(-39.62 – 16.73) 
-0.75 

(-1.76 – 0.27) 
2.89*** 

(2.25 – 3.54) 

Number of additional false positive results 
64.72*** 

(43.80– 85.63) 
59.12*** 

(36.47– 81.77) 

908.37 
(-389.38 – 
2209.11) 

129.12 
(-40.12 – 298.40) 

-1569.70 
(-3403.92 – 

264.53) 

Number of overdiagnosed cancers 
1.27*** 

(0.57– 1.97) 
0.69*** 

(0.38 – 1.00) 
14.03 

(-28.93 – 56.99) 
0.62* 

(0.09 – 1.33) 
2.22*** 

(1.66 – 2.79) 
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Figure 10.2: Relative importance scores for each preference class estimated in the latent class logit model 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ovarian cancer deaths

False negative results

False positive results

Overdiagnosed cancers

Relative importance score 
Class 1: Conscientious testers (15.6%)

Class 2: Risk-conscious traders (23.1%)

Class 3: Mortality-focused non-testers (10.8%)

Class 4: Screening-averse non-testers (19.6%)

Class 5: Mortality minimisers (30.9%)
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10.4.3.6 Opt-out behaviour 
 

The no screening alternative was selected in 10% of all choice tasks (929/9000) and 

109 (44%) respondents opted not to be tested in at least one instance. Logistic 

regression found individuals who considered themselves low risk (OR=1.48) or exhibit 

low levels of worry about ovarian cancer (OR=1.76) were significantly more likely to 

select the no screening alternative (Table 10.9). Risk-averse individuals were also 

more likely to opt-out (OR 1.45) Oppositely, individuals who regularly participate in 

cervical screening were less likely to opt for no screening (OR=0.63).  

 

Serial opt-out selection 

Twenty-seven (11%) of respondents opted not to undergo screening in all twelve 

choice tasks. Common reasons for this decision were limited benefits (i.e. reduction in 

mortality) from screening (n=9), potential harms were too high (n=9), specifically false-

positives (n=7) and low self-perceived risks of ovarian cancer (n=6).  
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Table 10.9: Logit model results exploring the relationship between sociodemographic characteristics 
and selection of the "no screening" alternative 

 

 

 Full model Reduced model 

 Odds ratio 
(95% CI) 

Odds ratio 
(95% CI) 

Age 1.01 
  (0.99–1.03) 

 

Employed 0.75 
  (0.53–1.07)  

Ethnicity- white 0.77 
  (0.48–1.24)  

Number of children 0.94 
    (0.81–1.10)  

Attended university 1.08 
  (0.77–1.51)  

Know someone diagnosed with ovarian cancer 0.77 
  (0.46–1.29)  

Always attends cervical screening     0.66*** 
  (0.48–0.92) 

  0.65** 
  (0.47–0.90) 

Found DCE difficult/very difficult  0.90 
  (0.65–1.23)  

Low ovarian cancer worry   1.68** 
  (1.11–2.53) 

   1.77** 
  (1.17–2.69) 

Low perceived ovarian cancer risk  1.33* 
  (0.92–1.93) 

  1.44** 
  (1.03–2.03) 

Numerical ability 1.00 
  (0.83–1.19)  

Self-reported health: Very good—good  1.20 
  (0.81–1.76)  

Number of symptoms recognised 0.99 
  (0.94–1.04)  

Risk averse   1.52** 
  (1.06–2.18) 

  1.46** 
  (1.05–2.04) 

Low confidence in ability to recognise OC 
symptoms 

0.72* 
(0.51–1.03)   0.73** 

  (0.52–1.02) 

Constant 
0.08 

  (0.02–0.30) 
    0.09*** 

  (0.05–0.14) 

Model fit statistics 

LL -2885.68 -2908.33 

Pseudo R2 0.03 0.03 

N 250 250 



 
 
 

336 
 

10.5 Discussion 
 

10.5.1 Key findings 
 

This chapter quantifies preferences towards the benefits and harms of potential 

screening tests for ovarian cancer, with a particular focus on test performance 

characteristics. The results of this chapter provide a basis for understanding the 

minimum requirements for acceptability and expected uptake rates for potential future 

ovarian screening programmes.  

 

Mixed logit results revealed the number of ovarian cancer deaths was considered the 

most important attribute overall (relative importance score of 0.42 (95% CI: 0.40-0.44), 

followed by the rate of false positive results (0.30, [95% CI: 0.30-0.30]). 

Overdiagnosed cancers and false negative results appeared to be of similar and of 

lower importance. Responses to the attribute ranking exercise revealed similar 

findings, although here overdiagnosis was ranked least importance behind false 

negative results.  MRS calculations revealed respondents were willing to accept 

additional harms in exchange for the benefit of reductions in ovarian cancer mortality.  

 

Demand for screening 

Although results generally indicate a strong overall preference for screening, ,ixed logit 

estimates also demonstrated significant heterogeneity in preferences. Logistic 

regression revealed those who were employed and those who regularly attended 

cervical screening were less likely to forgo screened whereas those who considered 

themselves at low risk of ovarian cancer, those experiencing low levels of worry about 

ovarian cancer, and risk averse individuals were more likely to opt for no screening. 

However, the overall explanatory power of the model was low, suggesting opt-out 

decisions may be more intrinsically motivated. 

 

Qualitative analysis of reasons for serial non-testers further confirmed low perceived 

risk of ovarian cancer as a key driver of choosing to forgo screening alongside 

attribute-driven reasons (e.g. unacceptable risk-benefit ratios).  
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Scenario analysis was used to further understand demand for testing. Intended 

participation in a screening program was generally high, with 78% (95% CI: 66-89%) 

of the population indicating they would opt for screening even under the current 

circumstances where screening provides no reduction in mortality and is associated 

with harms in the form of false positives and false negatives.  

 

Preference heterogeneity  

 

A five-class latent class logit model was used to further explore the heterogeneity 

highlighted by the ML model. Each class demonstrated a distinct set of preferences. 

Class membership was often associated with sociodemographic characteristics. For 

example, membership for classes with a preference for no screening (classes 3 and 

4) was associated with reduced ovarian anxiety, lower perceived ovarian cancer risk 

and reduced cervical screening participation. Oppositely, members of classes with a 

strong preference for screening (classes 1 and 2) were more likely to consider 

themselves at higher risk of developing ovarian cancer, know someone diagnosed 

with ovarian cancer and were likely to regularly attend existing screening. Class 5 had 

the highest membership probability (30.9%). Similar to the full-population ML model, 

this group strongly prioritised ovarian cancer deaths. Interestingly, false positive 

results had no impact on utility for class 5, despite being the most important attribute 

within preference classes 1 and 2, together representing 39% of the population.  

 

Factors affecting ability to complete choice tasks  

 

Due to the nature of the DCE task and in particular, the inclusion of risk information in 

all attributes, it was important to investigate how personal factors such as numeracy 

skills or perceived task difficulty may systematically influence responses. 

 

As expected, a large proportion of the sample reported finding the task difficult or very 

difficult (117/250; 47%). Nonetheless, completion rates remained high (just four people 

dropped out part way through the survey). Self-reported task-difficulty was found to 

significantly affect preferences within subgroup analysis and the latent class logit 

model. Respondents describing the task as difficult or very difficult were most likely to 
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belong to preference class 1 or 2. Both classes displayed a high preference for testing 

and placed highest importance on risk of false positive results. Members of this class 

appeared to consider all attributes and suggest willingness to trade between benefits 

and harms.  

 

Numerical ability also appeared to be a source of preference heterogeneity during both 

subgroup and latent class analysis. Those displaying high numerical ability appeared 

more test-averse and placed increased importance on mortality and reduced 

importance on overdiagnosis.   

 

Neither numerical ability nor task difficulty affected opt-out behaviour. Furthermore, a 

heteroscedastic logit confirmed that neither factor was a significant source of scale 

heterogeneity, indicating observed differences were due to genuine preference 

heterogeneity rather than increased error variance due to difficulties completing or 

understanding the choice tasks.  

 

Finally, approximately 5% (12/250) of respondents failed the rationality check question 

by choosing the objectively inferior test option. Low occurrence meant further analysis 

of reasons for failure were not possible (e.g. association with task difficulty, numeracy 

etc.). Exclusion of these individuals had no significant impact on model estimates.  

 

10.5.2 Key implications 
 

In general, participants demonstrated a willingness to trade between the benefits and 

harms of ovarian cancer screening.  

 

Potential benefits of ovarian cancer screening are limited by the low disease 

prevalence compared to other cancers where screening programmes are currently 

provisioned (e.g. breast and colorectal cancer) meaning a universal screening 

programme may never be feasible, particularly those utilising currently available 

modalities. The evidence from this study addresses key criteria considered by the UK 

National Screening Committee when assessing potential national screening 

programmes, by providing a valuable reference for assessment if and when candidate 
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tests emerge (UK National Screening Committee, 2015). Specifically, this study 

provides evidence on:   

 

i. the acceptability of a potential screening programme 

ii. the balance between benefit and harms from a public perspective.  

Scenario analysis demonstrated that whilst for most participants screening decisions 

are dependent on test performance characteristics. for others screening decisions 

appeared to be determined on extrinsic factors. For instance,  where a screening test 

provided a 100% reduction in mortality with zero potential harms, almost all 

participants would opt to undergo testing. However, even in the current situation where 

testing offers no benefits and results in exposure to potential harms such as false 

positive or false negative results, a significant proportion of the sample still wish to 

undergo testing.  

 

Examination of reasons for opting out provides key insights into how screening uptake 

may be optimised by revealed key characteristics that may drive screening decisions 

beyond test characteristics. Low confidence in the ability to recognise symptoms and 

those experiencing higher levels of ovarian cancer anxiety or self-perceived cancer 

risks increased the willingness to be testing indicating increasing public awareness of 

symptoms and risk factors of ovarian cancer may help to empower patients and 

increase informed decision-making limiting potential harms of sub-optimal screening.  

 

On the other hand, the relationship between reduced participation in cervical cancer 

screening and intentions to be screened for ovarian cancer implies for some, there 

may be a more fundamental attitude against screening in general.  

 

Findings from this study also have important implications for current practice. Surveys 

of GPs have found that ad hoc screening of low-risk women is not uncommon with 

approximately 30% of GPs reporting ignoring guidelines by offering screening to 

asymptomatic women (Baldwin et al., 2012; Ragland et al., 2018). Importantly, results 

from this study indicate that this practice may be misaligned with the preferences of 

patients at present, as current screening modalities provide little-to-no benefit in terms 

of survival or stage of diagnosis. From a patient perspective, it is likely that consent to 
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undergo such testing is based on a misunderstanding or naivety about the balance 

between benefits and harms, as studies suggest almost all women believe ovarian 

cancer screening leads to reduced mortality (Fallowfield et al., 2010). However, 

screening appears to offer additional benefits for a significant proportion of patients 

even when where there is no clinical benefit on average.  

 

More generally, this study highlighted the ability of the public to engage with complex 

screening information. However, many respondents expressed surprise and 

dissatisfaction at the degree of potential harms described within the scenarios within 

the “additional comments” section of the survey implying a current lack of awareness 

around the magnitude of harms relating to not only ovarian cancer screening but 

screening tests more generally, given overdiagnosis levels were based on estimates 

relating to breast cancer screening. This finding highlights clear communication 

surrounding the benefits and harms of screening tests is needed, particularly if the aim 

is to encourage informed decision-making rather than persuaded coercive action.  

 

Similarly, a large proportion of the population indicated they were unsure of their risk 

of ovarian cancer and did not feel confident in their ability to identify symptoms of 

ovarian cancer. Increasing education and awareness around ovarian cancer, 

encouraging help-seeking behaviour once symptoms arise and interventions to reduce 

mitigating lifestyle factors could provide a complementary or alternative strategies to 

improving ovarian cancer outcomes and are particularly important given a universal 

screening programme may never be achievable.  

 

10.5.3 Comparison with existing literature 
 

The importance of ovarian cancer deaths follows trends seen in the broader screening 

DCE literature as seen in Chapter 4. However, the importance placed on false positive 

results particularly by classes 1 and 2 within the latent class logit model is less 

common, with no studies included within the systematic review in Chapter 4 identifying 

specificity as the most important attribute. On average, individuals were willing to 

accept 205 (95% CI: 162 – 249) false positive results per 1 life saved per 10,000 

people screened over a period of 10 years, despite the potential consequences (i.e. 

3% of people undergoing unnecessary surgery). Ability to make comparisons with 
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findings from previous DCE studies is limited by the cancer site and the framing of the 

WTA calculations, with many studies opting to express MRS in terms of WTA 

increased deaths in exchange for improvements in risks. Sicsic et al. (2018) estimated 

women were willing to accept a lower rate of 47.8 (95% CI: 24.9-70.8) false positives 

per 1 breast cancer death avoided. Conversely, results from a cross-sectional survey 

directly eliciting the acceptability of false positive results in breast cancer found women 

were much more tolerant of such results, with 63% believing that false positives of 500 

or more per life saved was reasonable, and 37% willing to endure false positive rates 

of 10,000 or more (Schwartz et al., 2000) .  

 

On the other hand, overdiagnosed cancers appeared to be less tolerated within this 

study in comparison to Sicsic et al. (2018) where on average 14.1 (95% CI:12.9-15.2) 

additional overdiagnosed cases were accepted in exchange for 1 breast cancer life 

saved.  

 

The overall trend towards decreased importance of overdiagnosis relative to other 

attributes follows findings other studies, including DCEs (Howard et al., 2011; Rozbroj 

et al., 2021). Studies generally find individuals are sceptical or even hostile towards 

the concept of overdiagnosis, viewing the early detection of any cancer as a positive 

event (Hersch et al., 2013; Waller et al., 2013). Instead, studies typically find the 

concept of overtreatment to be of greater concern to participants (Hersch et al., 2013; 

Park et al., 2015). There is further evidence of a compounding “cancer effect” whereby 

participants are more willing to endure risks of overdiagnosis when facing a possible 

diagnosis of cancer compared to other potentially serious and life limiting non-cancer 

conditions such as aortic aneurysms (Hurley, 2018; Phillips et al., 2016). 

 

Several studies support the findings that decisions to undergo screening may be 

driven by factors external to test efficacy or beliefs about the curability of the disease 

(Salsman et al., 2004). Specifically, this study follows Bennett et al. (2018) in finding 

low perceived cancer risk, low cancer anxiety and increased confidence in the ability 

to spot symptoms all increase the likelihood of forgoing screening. Similarly, 

examination of test acceptability of participation enrolled on an ovarian cancer 

screening trial found high rates of self-perceived risk (Holman et al., 2014). More 
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recently, de Bekker-Grob et al. (2020) demonstrated similar findings within a DCE 

study, finding the 8-76% of non-participation behaviour in colorectal cancer screening 

was attributable to respondent characteristics respondent characteristics particularly 

the individual’s attitude towards screening and previous screening behaviour, as 

opposed to the characteristics of specific tests.   

 

10.5.4 Strengths and limitations 
 

Careful steps were taken during the DCE development and piloting stages to facilitate 

respondent understanding as much as possible by following the latest risk 

presentation guidance (i.e. use of natural frequencies and consistent denominators). 

However, the communication of risk attributes was a clear challenge within this study. 

Despite following the best available guidance, a significant proportion of respondents 

still indicated the task was “very difficult” and over 20% of respondents indicated they 

had ignored attributes because “there were too many characteristics to look at” or 

attributes were unclear. The issue was compounded by the low prevalence of ovarian 

cancer, meaning risks were very small. It is possible presenting risks as natural 

frequencies with a denominator of 10,000 over a 10-year time horizon made it difficult 

for people to comprehend their individual risk and added to the cognitive burden of the 

choice tasks.  

 

A further limitation within this study was the inability to stratify attribute levels according 

to age or underlying risk of cancer due to a current lack of data on test performance in 

specific populations. Studies of cervical and breast screening have demonstrated the 

effectiveness of screening at reducing mortality varies with age (Duffy et al., 2020; 

Sasieni et al., 2009; Wang et al., 2017).  Diagnostic testing of symptomatic women for 

ovarian cancer using CA125 tests has also been shown to be more effective for older 

patients perhaps due to the higher prevalence of cancer or the type of tumour (Funston 

et al., 2020a). Similarly, screening of high-risk individuals is likely to be more effective 

due to higher incidence rates.  

 

10.5.5 Future research 
 

This study highlights some key areas for future research. Firstly, observed variations 

in preferences and willingness to trade across participants suggests any ‘one-size-fits 
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all’ screening programme would fail to fulfil the priorities of the population overall. 

Examination of opt-out behaviour indicated that perceived risk of cancer plays an 

important role in screening decisions. Risk-stratified screening program or limiting 

screening to high-risk individuals only based on genetic and/or lifestyle factors may be 

a potential solution, both in terms of acceptability and clinical efficacy. Risk-stratified 

screening has been considered in other areas, such as breast screening (Ghanouni 

et al., 2020b). However, studies aiming to understand the acceptability of, and 

preferences for such strategies are crucial. Furthermore, ineffectiveness of ovarian 

screening even within high-risk populations means screening is not routinely offered 

by the NHS, therefore understanding the preferences of high-risk individuals is also 

needed, particularly in the context of alternative preventative strategies such as 

chemoprevention or preventative surgery.  

 

Secondly, this study focused on the importance of test-performance characteristics 

based on the findings of the prioritisation BWS study described in Chapter 9. However, 

studies have demonstrated that public understanding of the test characteristics of 

screening programs is low, but screening is generally viewed favourably regardless 

(Gigerenzer et al., 2009; Hoffmann & Del Mar, 2015). These findings suggest that, in 

reality, screening behaviours may instead be driven by service delivery factors that 

impact the convenience and overall experience of screening. Existing DCEs relating 

to cancer screening described in Chapter 4, provide an extensive evidence base to 

draw from when considering the influence of service delivery attributes on cancer 

screening: however, given the low prevalence of ovarian cancer, willingness to endure 

inconveniences and disruptions associated with screening may be less tolerated 

meaning an additional study may be of value, particularly once a viable screening 

modality emerges. Evidence from trial-based settings demonstrate the impact of test 

experience such as pain, embarrassment or inconvenience had very minimal (1-2%) 

impact on willingness on the acceptability and adherence of future screening (Holman 

et al., 2014). It remains unclear if this finding is transferable to a general public setting.  

The presentation of risk within DCEs presents a key area for future research. The 

challenges of communicating health risks to public audiences are well-documented 

within the DCE literature and more broadly (Harrison et al., 2014). In a recent 

publication, understanding how attribute presentation formats improve understanding 
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within choice tasks was highlighted as a methodological priority by a panel of 

preference elicitation experts (Smith et al., 2021). However, studies examining 

alternative risk presentation methods in the context of DCEs are limited (Vass et al., 

2018a). A key area for future studies is the investigation if and how preferences and 

response quality differ based on risk formats and, in particular, the use of novel risk 

presentation formats within studies containing large amounts of risk information.  

 

10.6 Chapter summary 
 

This chapter quantified the trade-offs between the benefits and harms of ovarian 

cancer screening. Currently ovarian cancer screening is not recommended as 

available screening methods do not offer any benefits in terms of mortality reduction. 

The results of this study provide a useful resource for assessing the acceptability of 

future screening modalities which may become available in the future. Overall, results 

suggest the ability to reduce ovarian cancer deaths is the most importance test 

performance characteristic; however, there was significant heterogeneity across 

participants with almost 40% prioritising the risk of false positive results. Scenario 

analysis was used to estimate uptake of potential screening tests with results 

suggesting approximately one third of participant would decline screening even where 

there was a 100% reduction in mortality and no associated risks, indicating factors 

beyond test performance are important to screening participation.  
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11 Methodological extensions part 2: Attribute non-

attendance 
 

11.1 Chapter introduction 
 

This is the second methodology-focused chapter of this thesis. This chapter examines 

the prevalence of stated attribute non-attendance (ANA) across the responses from 

the two applied DCEs which focus on preferences towards diagnostic testing and 

screening for ovarian cancer. The motivation for this methodological extension arose 

from early qualitative piloting results in Chapter 6 which suggested that counter to 

traditional decision theory, a sub-section of respondents may not consider all attributes 

when making decisions between choice alternatives. Due to the emergent nature of 

this research aim, the methods and results from each setting (diagnostic and 

screening) are described chronologically within this chapter.  

 

11.2 Background 
 

Under the standard DCE approach, respondents are assumed to consider all attributes 

presented within each alternative when making decisions during choice tasks. 

However, piloting (Chapter 6) suggested that in reality, some respondents appeared 

to make their choices based on a subset of attributes whilst seemingly disregarding 

others. This is known as attribute non-attendance (ANA). 

 

The presence of ANA implies that individuals do not make the assumed trade-offs 

between attributes and attribute levels—a violation of the continuity axiom described 

in Chapter 3 (Gowdy & Mayumi, 2001; Rosenberger et al., 2003). As a result, 

unidentified patterns of ANA may lead to biases in model estimation and increase the 

perception of preference heterogeneity (Alemu et al., 2013).  Addressing ANA is 

particularly important when estimating WTP or WTA.  Since ANA represents non-

compensatory behaviour, incorrectly assuming all attributes are equally attended may 

artificially inflate estimates (Campbell et al., 2008; Lancsar & Louviere, 2006; 

Lockwood, 1996; Scarpa et al., 2013). 

 

Attribute non-attendance is a longstanding behavioural theory relating to the 

observation of choice behaviour (Lockwood, 1996). A range of methods have been 
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proposed for detecting and accommodating ANA in DCE studies. These methods fall 

into two broad approaches: stated ANA, wherein respondents are explicitly asked 

which attributes attended/ignored; and inferred ANA, wherein ANA can be empirically 

estimated based on the specification of the choice model (Collins, 2012).   

 

Several studies have investigated ANA within health-focused experiments, however, 

findings relating to the impact of ANA are varied (Doherty et al., 2021; Erdem et al., 

2015; Hole et al., 2013; Hole et al., 2016). Some studies find the accommodation of 

non-attendance has little or no impact on model estimates (Hole et al., 2013). Whereas 

alternative studies find adjusting for ANA has a significant impact on choice modelling 

and can lead to improved model fit and changes in the marginal rates of substitution 

between attributes (Erdem et al., 2015; Xiao et al., 2022).  

 

The purpose of this methodological extension was to measure the rate of self-reported 

ANA and investigate how this affected model estimates. The extension primarily 

focuses on the level and impact of stated ANA, as opposed to econometrically-inferred 

non-attendance. Analysis of self-reported responses within the diagnostic DCE 

revealed disparities between self-reported behaviour between ANA questions. This 

led to the addition of a further research question during the screening study aiming to 

understand how framing of attribute non-attendance questions may influence 

responses. The remainder of the chapter presents the investigations of attribute non-

attendance relating to each study successively.  

 

11.3 Attribute non-attendance behaviour in the diagnostic testing DCE 
 

11.3.1 Aims 
 

Investigations of attribute non-attendance in the diagnostic setting used survey 

versions 1-3 presented in Chapter 7.  

 

The objectives of the research were: 

i. To measure the rate of self-reported attribute non-attendance across 

respondents and explore reasons for non-attendance 

ii. To understand how stated non-attendance may influence choice model 

estimates, namely MRS 
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iii. To explore sociodemographic determinants of attribute non-attendance 

 

11.3.2 Methods  

 

11.3.2.1 Measuring the rate of self-reported attribute non-attendance  
 

The survey included a follow up question after the final choice task asking respondents 

“which attributes did you consider when making your choices?” to investigate whether 

respondents ignored any of the attributes when making their choices (Figure 11.1). 

Any unselected attributes were considered to be non-attended by that respondent.  If 

a respondent indicated not considering one or more attribute, an additional follow up 

question asked about the reasons for ANA. A list of reasons adapted from Alemu et 

al. (2013) was provided but respondents could also give their own explanation using 

a free-text “other” option. 

 

11.3.2.2 Analysis of stated ANA responses 

 

How to best incorporate stated non-attendance responses into choice models is 

debated. Early studies typically assume a non-attended attribute does not contribute 

Figure 11.1:  Survey questions used to investigate stated ANA 
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to the individual’s utility function at all and therefore restrict non-attended attribute 

parameters to zero (Hensher et al., 2005a). This approach implies observed choices 

essentially provide no information concerning the respondent’s preferences for the 

ignored attribute. Constraining model coefficients to zero for respondents that indicate 

not attending an attribute relies on the assumption that stated ANA responses are 

completely accurate. However, several studies have found respondents demonstrate 

a non-zero sensitivity for attributes they indicated not attending (Carlsson et al., 2010; 

Hess & Hensher, 2010; Nguyen et al., 2015). This finding implies that respondents 

who claim to have ignored a given attribute may instead assign a lower (than the 

population average) weight to the attribute. In response, this chapter followed previous 

studies in using interaction terms to incorporate stated ANA responses within 

estimated models (Carlsson et al., 2010; Nguyen et al., 2015). The mean coefficient 

for each parameter represents the preferences of respondents who reported 

considering the attribute during decisions (α0) similar to a typical choice model where 

full attendance is assumed. Interaction terms (α1) between an attribute and a dummy 

variable then represent stated ANA (equal to 1 if the attribute is ignored and 0 

otherwise) represent the difference in utility for those who reported not considering an 

attribute. The sum of these two terms represents the preferences of respondents who 

reported not considering (i.e. ignoring) a particular attribute. The model was estimated 

using a mixed logit model with 1000 Halton draws. 

 

ANA-adjusted willingness to accept estimates are estimated following Nguyen et al. 

(2015). First aggregate mean ANA-adjusted coefficients were calculated for each 

attribute as the share of respondents who attended the attribute x α0 + share of 

respondents who ignored the attribute x (α0 + α1). Next, ANA-adjusted WTA was 

calculated by dividing the adjusted mean coefficient of each attribute by the adjusted 

mean coefficient for the time to diagnosis attribute to give an adjusted willingness to 

wait estimate. Confidence intervals for the WTA estimates were estimated using the 

Delta method.  Estimates between ANA-adjusted and full attendance model were 

compared using T-tests.  

Finally, logistic regression was also used to explore the relationship between 

respondent characteristics and ANA for each attribute.  
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11.3.3 Results 

 

Table 11.1 shows the self-reported ANA rates of respondents. Just 30% of 

respondents reported basing their decisions on all four attributes. Most commonly, 

participants indicated basing decisions on accuracy only (87/450; 19%) or timing and 

accuracy combined (60/450; 13%). These results were verified by a manual inspection 

of non-trading behaviour which found 61 (13.6%) respondents always chose the 

alternative with the highest level of accuracy, whereas choices based on the 

dominance of time to diagnosis (3/450; 1%), identifiable conditions (2/450; <1%) and 

communication (2/450; <1%) were rare. The most commonly reported reason for not 

considering some attributes was due to lack of importance (58/450; 13%), however, 

when asked about the reasons for attribute non-attendance, 79% (357/450) of 

respondents selected the option “I considered all characteristics”, which appears to be 

a direct contradiction to the previous question (Table 11.2).  
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Table 11.1: Self-reported attribute non-attendance-combinations 

Attribute combinations reported as not considered N (%) 

Considered all 135 (30%) 

Accuracy 1 (<1%) 

Timing 5 (<1%) 

Communication 43 (10%) 

Conditions 15 (3%) 

Accuracy-timing 2 (<1%) 

Accuracy-timing-conditions 3 (1%) 

Accuracy-timing-communication 15 (3%) 

Accuracy-conditions-communication 28 (6%) 

Accuracy-conditions 1 (<1%) 

Accuracy-communication 3 (1%) 

Timing-communication 41 (9%) 

Timing-conditions 11 (2%) 

Timing-conditions- communication 87 (19%) 

Conditions-communication 60 (13%) 

 

 

Table 11.2: Reasons for non-attendance 

Reason  N (%) 

“I considered all characteristics” 357 (79.3%) 

“The other characteristics were not important to me” 58 (12.9%) 

“The other characteristics were unclear” 1 (0.2%) 

“There were too many characteristics” 20 (4.4%) 

Other 18 (4.0%) 

 

 

11.3.3.1 Interaction model 

Results of the interaction model used to adjust for self-reported ANA is shown in Table 

11.3. A likelihood ratio test demonstrated a significant improvement in model fit when 

adjusting for ANA compared to the mixed logit model which assumed full-

attendance10.  

 
10 LL= -3432.17 for the pooled mixed logit model of DCE versions 1-3 assuming full attribute attendance 
presented in Chapter 7 
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All interaction terms were significant indicating there are differences in preferences 

between the respondents who reported considering and those who reported not 

considering a given attribute. Each interaction term had the expected, opposite sign 

to the mean attribute coefficients demonstrating those who reported ignoring an 

attribute were more likely to place less emphasis on that attribute during deliberations.  

Table 11.3: Mixed logit results incorporating ANA using interaction terms 

 

11.3.3.2  Willingness to wait estimates 

Willingness to wait estimates after adjusting for ANA are reported in Table 11.4. 

Comparisons of WTA estimates did not identify any significant differences between 

the adjusted and non-adjusted model estimates.  Separate WTA estimates were also 

calculated for each attribute according to reported attribute attendance patterns. 

These estimates demonstrated significant differences between individuals who 

reported attending or not attending each attribute (Appendix 11.1). As expected, non-

 
Mean  

(95% CI) 
SD 

(95% CI) 

Attributes 

Accuracy 0.21*** 
(0.19 – 0.23) 

0.11*** 
(0.10– 0.13) 

Time to diagnosis -0.90*** 
(-0.99 – [-0.80]) 

0.66*** 
(0.48 – 0.64) 

Identifiable conditions: cancer plus related conditions 1.59*** 
(1.40 – 1.78) 

0.91*** 
(0.75 – 1.08) 

Communication: fair 1.58*** 
(1.36 – 1.80) 

0.23* 
(-0.04 – 0.50) 

Communication: good 2.09*** 
(1.83 – 2.35) 

0.72*** 
(0.52 – 0.91) 

Neither test ASC -3.46*** 
(-2.98 – [-1.64]) 

4.36 
(3.69– 5.03) 

Interaction terms 

Accuracy x accuracy not considered dummy -0.12*** 
(-0.15 – [-0.08]) 

0.01 
(-0.02 – 0.04) 

Time to diagnosis x not considered dummy 0.51*** 
(0.38 – 0.64) 

0.08 
(-0.09 – 0.26) 

Identifiable conditions: cancer plus related conditions x not 
considered dummy 

-1.11*** 
(-1.41 – [-0.80]) 

0.25 
(-0.11 – 0.60) 

Communication: fair x not considered dummy -0.68*** 
(-0.94 – [-0.42]) 

0.06 
(-0.42 – 0.54) 

Communication: good x not considered dummy -1.00*** 
(-1.26 – [-0.74]) 

0.13 
(-0.32 – 0.58) 

Model fit statistics 
LL -3,329.2 
Observations 20,598 
N 450 
Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% confidence level 
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attendance of time to diagnosis resulted in the largest change in willingness to wait 

estimates for all attributes. 

Table 11.4: Willingness to accept estimates from the ANA-adjusted model 

 

 

11.3.3.3  Determinants of non-attendance – logit model 

 

 Logistic regression results investigating associations between respondent 

characteristics and of self-reported ANA are shown in Table 11.5. In general, 

relationships were limited and inconsistent across different attributes. Completion of 

university education was consistently associated with an approximately 50% reduction 

in the likelihood of ANA across all attributes. Aside from education, no other 

sociodemographic associations were found with non-attendance of the time to 

diagnosis attribute. On the other hand, non-attendance of the accuracy attribute was 

linked to the most respondent characteristics overall. Knowing someone diagnosed 

with ovarian cancer and failing the rationality check more than doubled the chance of 

ignoring accuracy. Oppositely, experiencing low worry about ovarian cancer and 

increased selection of the opt-out alternative reduced the likelihood of ANA for this 

attribute. Desiring an active role in medical decision-making was linked to a reduction 

in the chance of ignoring identifiable conditions. As was increased help-seeking 

behaviour. Alternatively, increased age was associated with a moderate increase in 

the overlooking of this attribute. Finally, the likelihood of considering communication 

was linked to a reduction in help-seeking behaviour.  

 ANA-adjusted 
estimates 

Full attendance 
estimates  

p-value* 

Accuracy 

Per 1% 
0.27 

(0.24–0.30) 
0.28 

(0.25–0.31) 
0.67 

Identifiable conditions 

Cancer only 
- 
 

- 
 

- 
 

Cancer plus additional related 
conditions 

1.60 
(1.37–1.83) 

1.70 
(1.45–1.96) 

0.57 

Communication 

Poor - - 
- 
 

Fair 
1.64 

(1.42–1.86) 
1.67 

(1.44–1.90) 
0.86 

Good 
1.98 

(1.72–2.25) 
2.02 

(1.74–2.30) 
0.84 

*p-value from t-tests to test for differences in marginal rates of substitution between the ANA-adjusted model 
and the mixed logit model assuming full attendance  



 
 
 

353 
 

 

Table 11.5: Logit model investigating associations between respondent characteristics and ANA for 
each attribute. Coefficients are expressed as odds-ratios (95% CI) 

 

 

 Accuracy 
Time to 

diagnosis 
Identifiable 
conditions 

Communication 

Age 
1.00 

(0.96–1.04) 
1.00 

(0.97–1.02) 
1.03** 

(1.01–1.06) 
1.01 

(0.98–1.03) 

Attended university 
0.49** 

(0.26–0.90) 
0.54*** 

(0.36–0.81) 
0.52*** 

(0.35–0.80) 
0.50*** 

(0.32–0.77) 

Ethnicity-white 
0.41 

(0.14–1.19) 
1.38 

(0.54–3.53) 
0.55 

(0.23–1.33) 
0.62 

(0.25–1.51) 

Previously tested for ovarian cancer 
1.02 

(0.80–1.31) 
1.04 

(0.90–1.21) 
0.91 

(0.76–1.08) 
1.20 

(0.86–1.68) 

Know someone diagnosed with ovarian cancer 
2.35** 

(1.15–4.81) 
0.94 

(0.55–1.62) 
0.96 

(0.56–1.64) 
1.09 

(0.64–1.85) 

Low ovarian cancer worry 
0.49** 

(0.24–0.97) 
0.74 

(0.44–1.24) 
0.64 

(0.38–1.09) 
0.81 

(0.48–1.36) 

Number of symptoms recognised  
0.94 

(0.85–1.04) 
0.98 

(0.92–1.05) 
0.96 

(0.90–1.03) 
0.99 

(0.93–1.06) 

Confident in ability to recognise OC symptoms 
0.70 

(0.25–1.94) 
1.30 

(0.69–2.45) 
1.40 

(0.73–2.68) 
1.16 

(0.60–2.25) 

Self-reported health: Very good—good 
1.47 

(0.73–2.99) 
1.37 

(0.89–2.11) 
1.00 

(0.65–1.55) 
1.30 

(0.84–2.02) 

Risk averse 
1.03 

(0.45–2.33) 
1.05 

(0.65–1.69) 
1.23 

(0.76–1.99) 
1.01 

(0.63–1.60) 
Helpseeking (would seek GP advice after 1 
week of OC symptom onset) 

0.94 
(0.48–1.84) 

0.91 
(0.58–1.42) 

1.09 
(0.70–1.71) 

0.61** 
(0.39–0.94) 

Would like an active role in decision-making  
0.67 

(0.34–1.33) 
1.01 

(0.62–1.67) 
0.44*** 

(0.27–0.71) 
0.73 

(0.44–1.20) 

Currently has an active role in decision-making 
1.21 

(0.57–2.55) 
1.35 

(0.84–2.16) 
1.03 

(0.64–1.66) 
0.83 

(0.53–1.30) 

Found DCE difficult/very difficult 
1.81* 

(0.96–3.43) 
1.09 

(0.72–1.65) 
0.63** 

(0.41–0.95) 
0.93 

(0.61–1.42) 

Failed rationality check 
2.60*** 

(1.36–4.98) 
0.70 

(0.43–1.13) 
0.94 

(0.59–1.51) 
0.93 

(0.58–1.50) 

Total number of opt-out selections 
0.81** 

(0.26–0.90) 
0.99 

(0.90–1.10) 
1.05 

(0.96–1.15) 
1.01 

(0.92–1.11) 

Total number of indifference selections 
1.07 

(0.86–1.32) 
0.96 

(0.84–1.09) 
0.94 

(0.83–1.06) 
0.93 

(0.82–1.05) 

Completed the survey in under 10 minutes 
1.21 

(0.27–5.34) 
0.88 

(0.29–2.61) 
1.61 

(0.57–4.61) 
0.74 

(0.26–2.07) 

Cancer risk level (2% dummy) 
0.89 

(0.43–1.84) 
1.30 

(0.80–2.11) 
1.08 

(0.67–1.75) 
0.99 

(0.61–1.61) 

Cancer risk level (3% dummy) 
0.66 

(0.31–1.44) 
0.90 

(0.55–1.49) 
0.95 

(0.57–1.56) 
1.02 

(0.61–1.69) 

Constant 
0.58 

(0.04–9.52) 
0.79 

(0.15–4.11) 
1.40 

(0.27–7.38) 
4.23* 

(0.80–22.24) 

Model fit statistics 

LL -9.115 -18,239 -18,496 -18,287 
Pseudo R2 0.13 0.03 0.07 0.05 

Significance key: * 90%, **95%, ***99% 
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11.3.4 Discussion of findings on ANA during the diagnostic DCE 

Self-reported attribute non-attendance appeared to be high within this study. Overall 

just 30% of respondents indicated they considered all the attributes when making 

choices during the DCE. Self-reported ANA was highest for the communication 

attribute with 62% of respondents indicating they had not considered this attribute 

during deliberations. Adjustments for ANA suggested non-attending respondents 

assigned a significantly lower, but non-zero value to attributes implying non-attended 

attributes were valued to a lesser extent rather than completely ignored. Adjusting for 

stated ANA resulted in improved model fit. However, despite the high levels of self-

reported ANA, no differences were found between WTA estimates between the ANA-

adjusted model and standard mixed logit model assuming full attendance. Notably, 

there appeared to be discordance in estimated stated ANA between questions, with 

79% of respondents indicating they “considered all attributes” during a follow up 

question exploring for reasons for non-attendance.  

Piloting results highlighted ANA as a potential problem for a sub-section of 

respondents, however, the high rates on stated ANA experienced during this study 

were surprising given the rigorous attribute selection process described in Chapter 6. 

The discontinuity between self-reported non-attendance and reasons for ANA means 

the true rates on non-attendance within this survey are unclear. However, the large 

proportion of respondents indicating they considered all attributes supports the 

implication “non-attended” attributes are valued to a lesser extent rather than 

disregarded completely. However, upon reflection disparities in stated ANA may also 

be due to ambiguity in question wording. Respondents were asked to indicate which 

attributes they “considered” rather than explicitly asked which attributes were 

“ignored”.  

 

 

 

 

  



 
 
 

355 
 

11.4 Attribute non-attendance behaviour in the ovarian cancer screening 

DCE 
 

11.4.1 Aims  
 

The investigation of attribute non-attendance behaviour within the screening DCE 

aimed to build on findings from the earlier diagnostic study. In addition to addressing 

objectives i.-iii. as outlined in Section 11.3.1. This later study also aimed to understand 

the impact of question framing on self-reported ANA rates. This additional aim was 

motivated by the unexpectedly high rates of self-reported ANA in the diagnostic study 

and the disparities between ANA rates and the follow-up question eliciting reasons for 

non-attendance. It was hypothesised this disparity was caused by ambiguity in 

question wording (i.e. due to asking respondents which attributes they “considered” 

rather than which attributes they “ignored”).  

 

11.4.2 Methods 

 

11.4.2.1 Measuring the rate of self-reported ANA: investigation of framing 

effects 
 

To understand the contribution of framing effects on self-reported ANA, the DCE 

eliciting preferences for ovarian cancer screening included two follow-up questions 

placed shortly after the completion of all choice tasks. The first question used identical 

wording to the diagnostic DCE, asking respondents to indicate which attributes they 

“considered” (i.e. “considered” framing). As before, unselected attributes were 

assumed non-attended. The second question explicitly asked respondents to identify 

any attributes which they had ignored during the choice task (i.e. “ignored” framing). 

Respondents completed both questions which were separated by a few other 

debriefing questions (e.g. task difficulty). the order the questions appeared was 

randomised between respondents to control for any position effects.  

 

As before, an additional question asking about the reasons for ANA was asked to 

those who selected one or more attribute within the “ignored” framing. 
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11.4.2.2 Analysis of stated ANA responses 
 

Stated ANA responses were incorporated into models using the interaction approach 

described in Section 11.3.2.2 to account for non-zero sensitivities in “non-attended” 

attributes (Carlsson et al., 2010; Hess & Hensher, 2010; Nguyen et al., 2015). 

Separate models were estimated based on the alternative stated ANA question 

frames. All models were estimated using mixed logit modelling with 1000 Halton 

draws. Models were compared based on adjusted-WTA estimates. 

 

11.4.3 Results 

 

11.4.3.1 Self-reported non-attendance 

 

Responses to the self-reported attribute non-attendance debriefing questions are 

summarised in Table 11.6. Stated attribute non-attendance was high within this 

survey, with just 12.8% (considered framing) – 26.8% (ignored framing) of people 

indicating they considered all attributes during decision-making. Results suggested 

that overdiagnosed cancers were most likely to be ignored by respondents and ovarian 

cancer deaths was most likely to be taken into account. However, responses varied 

substantially when framed as “attributes ignored” and “attributes considered”. Rates 

of non-attendance were lower when respondents were explicitly asked to indicate the 

attributes they ignored.  

 

Reasons for non-attendance are summarised in Table 11.8. A perceived lack of 

importance was the primary reason for non-attendance.  

 

11.4.3.2 Adjusting for attribute non-attendance 
 

Results of the interaction model are shown in Table 11.9. The sum of the attribute and 

corresponding interaction coefficients represent the preference of respondents who 

stated they ignored the attribute. All interaction terms in both question frames were 

significant with the exception of the parameter associated with non-attendance and 

false negative results. This finding indicates that there were differences in preference 

between respondents who reported attending an attribute and those who did not. 

Interaction terms were positive meaning attributes were of reduced importance to 
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those who indicated they did not attend the attribute. Models adjusting for ANA 

following both question frames demonstrated a small but significant improvement in 

model fit according to LR tests. The model adjusting for ANA based on responses to 

the “considered” framing provided the most improvement.  

 

 
Table 11.6: Rates of self-reported attribute non-attendance using two different question frames 

 
 
Table 11.7: Reasons for self-reported attribute non-attendance (asked to those who reported 
"ignoring" one or more attributes) 

 

11.4.3.3 ANA-adjusted willingness to accept  
 

Population-level WTA estimates adjusted for stated non-attendance are shown in 

Figures 11.2.1-11.2.3. At an aggregate-level, the incorporation of stated ANA had no 

significant impact on the willingness to accept increased harms in exchange for a 

reduction in ovarian cancer mortality irrespective of question framing in comparison to 

estimates derived from the full-attendance model. Similar to the diagnostic setting, 

reduced importance of non-attended attributes was reflected in differences in WTA 

Attribute 
“Considered” 

framing 
“Ignored” framing 

Ovarian cancer deaths 66 (26.4%) 26 (10.4%) 

False negative results 126 (50.4%) 27 (10.8%) 

False positive results 121 (48.4%) 45 (18.0%) 

Overdiagnosed cancers 193 (77.2%) 117 (46.8%) 

No attributes ignored 28 (11.2%) 67 (26.8%) 

Reason for non-attendance Total respondents (%) 

There were too many characteristics to look at 49 (19.6%) 

The other attributes were unclear 9 (3.6%) 

The other characteristics were not important to me 102 (40.8%) 

The characteristics did not vary that much 5 (2.0%) 

I’m not sure 3 (1.2%) 

Other 21 (8.4%) 
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estimates between respondents based on attendance patterns. WTA estimates were 

significantly higher for respondents if an attribute was considered “non-attended” 

regardless of the question frame with exception of individuals who indicated they did 

not attend overdiagnosed cancers within the “ignored” framing (Appendix 2). Notably, 

the framing of the non-attendance question did not lead to significant differences in 

WTA for any attribute, however, uncertainty surrounding estimates under the “ignored” 

framing was much larger implying greater heterogeneity in this subgroup.  

 

11.4.3.4 Sociodemographic drivers of attribute non-attendance 
 

Logistic regression results investigating sociodemographic drivers of self-reported 

ANA are shown in Table 11.10. Two models were estimated for each attribute to 

account for the two alternative question framings of the non-attendance question; 

attributes not selected when asked which attributes were considered during decision-

making and attributes selected when asked which attributes were ignored during 

decision-making. Colour-coding was used to aid comparisons across attributes and 

question frames.  

 

Overall, few strong associations between sociodemographic drivers were identified. 

Increasing age was found to significantly increase the chance of ignoring the ovarian 

cancer deaths attribute and had a borderline effect on reducing the chance of ignoring 

overdiagnosed cancers. Increased numeracy skills were associated with a reduction 

in the chance of ignoring both false positive and false negative attributes. Interestingly, 

the most impactful factor was the number of times the “no screening” alternative was 

selected. For both ovarian cancer deaths and false negative results, increased 

selection of the opt-out alternative was associated with an increased chance of non-

attendance. However, for false positives increased selection of the opt-out alternative 

was associated with a reduction in the chance of attribute non-attendance. 

Corroboration between the two non-attendance questions for each attribute was 

inconsistent. Sociodemographic factors influencing non-attendance for ovarian cancer 

deaths and false positive results appeared similar for both question frames, however, 

sociodemographic associations with false negative results and overdiagnosed 

cancers appeared very different between questions. 
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Table 11.8: Mixed logit model including interaction terms to account for stated ANA 

 
  “Considered” framing  “Ignored” framing 

 
Mean  

(95% CI) 
SD 

(95% CI) 
Mean  

(95% CI) 
SD 

(95% CI) 

Attributes 

Ovarian cancer deaths -0.16*** 
(-0.18 – [-0.14]) 

0.08*** 
(0.06– 0.10) 

-0.14*** 
(-0.16 – [-0.1***3]) 

0.09*** 
(0.08– 0.11) 

False negative results -0.08*** 
(-0.10 – [-0.06]) 

0.04*** 
(0.02 – 0.06) 

-0.06*** 
(-0.07 – [-0.04]) 

0.05*** 
(0.03 – 0.07) 

False positive results -0.00*** 
(-0.00 – [-0.00]) 

0.00*** 
(0.00 – 0.00) 

0.00*** 
(-0.00 – [-0.00]) 

0.00*** 
(0.00 – 0.00) 

Overdiagnosed cancers -0.11*** 
(-0.28 – [-0.03]) 

0.03** 
(0.01 – 0.06) 

-0.08*** 
(-0.10 – [-0.06]) 

0.03** 
(0.01 – 0.06) 

No screening -1.66*** 
(-2.36 – [-0.96]) 

4.25 
(3.50 – 5.00) 

-1.79*** 
(-2.54 – [-1.05]) 

4.90 
(4.12 – 5.68) 

Interaction terms 

Ovarian cancer deaths × OC deaths not considered   0.14*** 
(0.10 – 0.17) 

0.00 
(-0.06 – 0.07) 

  

False negative results x False negative results not considered  
 0.00*** 

(0.00 – 0.00) 
0.00 

(-0.00 – 0.00) 
  

False positive results x False positive results not considered 0.06** 
(0.03 – 0.09) 

0.02 
(-0.02 – 0.06) 

  

Overdiagnosed cancers × Overdiagnosed cancers not considered 
0.06** 

(0.03 – 0.09) 
0.02 

(-0.02 – 0.05) 
  

Ovarian cancer deaths × OC deaths ignored   
 0.12*** 

(0.08 – 0.17) 
0.00 

(-0.05 – 0.04) 

False negative results x False negative results ignored    0.01 
(0.04 – 0.06) 

0.01 
(-0.08 – 0.09) 

False positive results x False positive results ignored   0.00*** 
(0.00 – 0.00) 

0.00 
(-0.00 – 0.00) 

Overdiagnosed cancers × Overdiagnosed cancers ignored   0.04*** 
(0.01 – 0.07) 

0.01 
(-0.03 – 0.05) 

Model fit statistics 
LL -1841.69 -1888.49 
LR test (ANA model vs full attendance mixed logit model) 139.2***  
LR test (“considered” framing vs “ignored” framing) 93.6***  
Observations 9,000 9,000 
N 250 250 
Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% confidence level 



 
 
 

360 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.2: Comparison of willingness to accept estimates adjusted for self-reported attribute non-attendance 
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Figure 11.3.1: Willingness to accept increases in the number of false positive results in exchange for 1 less 
cancer death per 10,000 people screened.  One-way ANOVA p-value= 0.678 
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Figure 11.3.2: Willingness to accept increases in the number of false negative results in exchange for 1 less 
cancer death per 10,000 people screened.  One-way ANOVA p-value= 0.884 

Figure 11.3.3: Willingness to accept increases in the number of overdiagnosed cancers in exchange for 1 less 
cancer death per 10,000 people screened.  One-way ANOVA p-value= 0.797 
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Table 11.9: Results from logit models investigating the relationships between attribute non-attendance and respondent characteristics 

 Ovarian cancer deaths 
non-attendance 

False negatives  
non-attendance  

False positives 
 non-attendance 

Overdiagnosed cancers 
non-attendance 

 “Considered” 
framing 

“Ignored” 
framing 

“Considered” 
framing 

“Ignored” 
framing 

“Considered” 
framing 

“Ignored” 
framing 

“Considered” 
framing 

“Ignored” 
framing 

Age 1.05** 
(1.01–1.10) 

1.07** 
(1.01–1.13) 

1.01 
(0.99–1.03) 

1.00 
(0.96–1.04) 

0.99 
(0.97–1.01) 

1.00 
(0.96–1.04) 

1.00 
(0.99–1.01) 

0.97* 
(0.93–1.00) 

Employed 1.70 
(0.74–3.90) 

2.49* 
(0.88–7.07) 

0.98 
(0.62–1.55) 

0.37** 
(0.15–0.90) 

0.71 
(0.45–1.13) 

0.71 
(0.33–1.50) 

1.13 
(0.84–1.53) 

1.22 
(0.65–2.31) 

Know someone diagnosed with ovarian cancer 0.67 
(0.26–1.73) 

0.90 
(0.28–2.93) 

0.76 
(0.43–1.35) 

1.15 
(0.43–3.02) 

0.84 
(0.51–1.36) 

1.19 
(0.53–2.67) 

0.91 
(0.64–1.29) 

0.85 
(0.40–1.82) 

Attended university 0.35*** 
(0.17–0.71) 

0.47* 
(0.20–1.10) 

1.18 
(0.79–1.79) 

2.37* 
(1.00–5.61) 

1.34 
(0.88–2.03) 

1.74 
(0.89–3.42) 

0.89 
(0.69–1.15) 

1.05 
(0.59–1.87) 

Always attends cervical screening 0.50* 
(0.25–1.00) 

0.90 
(0.39–2.09) 

0.79 
(0.53–1.17) 

0.93 
(0.44–1.96) 

1.13 
(0.73–1.74) 

0.83 
(0.42–1.65) 

0.79* 
(0.62–1.01) 

1.29 
(0.71–2.33) 

Found DCE difficult/very difficult  1.06 
(0.56–2.00) 

0.82 
(0.37–1.81) 

0.72* 
(0.49–1.05) 

1.32 
(0.64–2.75) 

0.73 
(0.49–1.09) 

1.04 
(0.56–1.96) 

0.85 
(0.66–1.08) 

0.74 
(0.43–1.27) 

Low ovarian cancer worry 1.29 
(0.54–3.09) 

1.20 
(0.41–3.50) 

1.12 
(0.70–1.79) 

1.38 
(0.59–3.26) 

1.04 
(0.67–1.62) 

0.58 
(0.29–1.51) 

0.97 
(0.74–1.28) 

1.24 
(0.65–2.38) 

Low perceived ovarian cancer risk 1.45 
(0.66–3.18) 

3.99*** 
(1.66–9.58) 

0.97 
(0.60–1.58) 

0.96 
(0.41–2.24) 

0.95 
(0.56–1.60) 

1.18 
(0.54–2.59) 

0.91 
(0.68–1.23) 

0.55* 
(0.28–1.08) 

Numerical ability 0.85 
(0.60–1.19) 

0.77 
(0.52–1.14) 

0.81** 
(0.68–0.96) 

1.02 
(0.71–1.48) 

0.82** 
(0.67–0.99) 

0.73** 
(0.54–0.98) 

1.02 
(0.90–1.17) 

1.12 
(0.86–1.46) 

Self-reported health: Very good—good  1.45 
(0.71–3.00) 

0.91 
(0.37–2.22) 

0.94 
(0.62–1.41) 

2.11* 
(0.95–4.66) 

1.12 
(0.73–1.71) 

1.22 
(0.61–2.44) 

1.03 
(0.80–1.32) 

0.82 
(0.45–1.50) 

Number of children 1.04 
(0.80–1.35) 

0.84 
(0.59–1.19) 

0.94 
(0.80–1.11) 

0.93 
(0.69–1.25) 

1.13 
(0.95–1.33) 

0.92 
(0.69–1.22) 

1.01 
(0.90–1.14) 

1.01 
(0.81–1.27) 

Number of symptoms recognised 0.92* 
(0.84–1.01) 

0.91 
(0.80–1.03) 

1.00 
(0.94–1.05) 

1.03 
(0.93–1.14) 

1.01 
(0.96–1.07) 

1.07 
(0.97–1.17) 

1.01 
(0.97–1.04) 

1.00 
(0.93–1.08) 

Ethnicity- white 0.81 
(0.35–1.90) 

0.48 
(0.19–1.21) 

0.95 
(0.59–1.53) 

0.83 
(0.32–2.18) 

1.00 
(0.59–1.69) 

0.84 
(0.39–1.81) 

1.08 
(0.78–1.49) 

1.80 
(0.88–3.67) 

Total number of opt-out selections 1.20*** 
(1.11–1.29) 

1.13*** 
(1.04–1.22) 

1.02 
(0.98–1.07) 

1.10*** 
(1.02–1.19) 

0.82*** 
(0.77–0.88) 

0.86*** 
(0.79–0.94) 

0.98 
(0.95–1.01) 

0.96 
(0.91–1.03) 

Constant 0.04 
(0.00–0.87) 

0.01** 
(0.00–0.50) 

1.00 
(0.21–4.75) 

0.07 
(0.00–1.66) 

2.51 
(0.48–13.17) 

2.21 
(0.15–33.48) 

0.84 
(0.28–2.53) 

3.68 
(0.36–38.22) 

Model fit statistics 

LL -4146.3 -2857.8 -5625.6 -3653.9 -5049.6 -4572.4 -6098.2 -5732.8 
Pseudo R2 0.21 0.19 0.02 0.10 0.11 0.11 0.01 0.06 

Significance key: * 90%, **95%, ***99% 
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11.4.4 Discussion of findings on ANA during the screening DCE 

 

Similar to the diagnostic setting, self-reported ANA rates were high within the DCE 

eliciting preferences towards ovarian cancer screening. The exploration of framing 

effects provides a small, but to my knowledge unique, aspect to the existing ANA 

literature. Rates of non-attendance varied significantly according to the question 

frame. Self-reported ANA rates were higher under the “considered” question frame, 

with just 11% of respondents indicating they considered all attributes. This rose to 27% 

when respondents were asked to indicate which attributes they had ignored. From the 

model results it is unclear which question frame more accurately captures true 

behaviour although asking respondents to indicate the attributes they “considered” 

rather than attributes they “ignored” appeared to lead to the biggest improvement in 

model fit.  

 

Despite differences in the incidence of ANA, estimates of willingness to accept did not 

significantly according to the framing of the stated ANA question. Furthermore, WTA 

estimates also did not differ from the non-adjusted model estimates that assumed full 

attribute attendance at a population-level. However, significant differences were 

consistently identified between respondents based on self-reported attendance 

patterns within both question frames. Individuals who reported attending attributes 

experienced a significantly lower (but non-zero) willingness to accept harms in 

exchange for improvements in ovarian cancer mortality compared to those who 

reported non-attending particular attributes.  

 

Several personal characteristics were associated with the probability of self-reported 

ANA. However, differences demonstrated limited consistency between question 

frames. The majority of relationships appeared to be factors relating to the ability to 

complete choice tasks rather than sociodemographic factors. For instance, increased 

numerical ability reduced the likelihood of not attending false positive and false 

negative attributes and university attendance decreased the likelihood of non-

attendance to ovarian cancer deaths.   

 

Forty-one percent (102/250) of respondents indicated ignoring attributes due to a lack 

of importance, suggesting the majority of ANA can be attributed to taste variations. 
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However, 20% of respondents who ignored one or more attributes indicated doing so 

due to a lack of clarity or the presence of too many attributes suggesting ANA may 

also be a simplifying heuristic for some. This finding is further supported by the 

prevalence of interactions between respondent factors affecting ability to complete 

DCE tasks (e.g. lower educational attainment, lower numerical ability, self-reported 

task difficulty) and the increased likelihood of ANA. This finding further highlights the 

importance of exploring alternative methods for communicating complex attribute 

information within DCEs. 

 

11.5 Chapter summary 
 

This chapter explored the frequency and implications of attribute non-attendance 

within the applied DCEs presented within this thesis using a stated attendance 

approach. The incidence of self-reported non-attendance behaviour was high in both 

a diagnostic and screening setting. Adjusting for non-attendance behaviour appeared 

to improve the fit of estimated models. 

 

No differences in WTA between adjusted and unadjusted models at a population-level 

were identified in either case study, however differences in WTA estimates according 

to attendance patterns were consistently observed in both settings. This finding implies 

understanding and exploring ANA can add to the richness and application of DCE 

findings. Differences based on non-attendance patterns provide useful insights into 

the preference heterogeneity observed during the experiment and may be particularly 

important when designing policies to increase screening adherence across 

subgroups. If a group of individuals is more likely to ignore a specific attribute, then 

improvements in this dimension are less likely to improve uptake or satisfaction for this 

group despite what aggregate estimates may suggest. For example, within the 

screening DCE the finding that the increased selection of the opt-out alternative was 

associated with decreased non-attendance of the false positive attribute, suggests 

uptake could be enhanced by focusing improvements in this dimension whereas the 

increased likelihood of non-attendance to mortality attribute suggest improvements in 

this aspect may be less effective in increasing uptake.  
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Variability in stated ANA estimates according to framing highlights a well-

acknowledged criticism of the approach. Reliance on respondents’ ability to not only 

recall their decision-making process but also accurately evaluate their behaviour in the 

first instance is a further weakness of the approach. As such, there is a trend towards 

inferred methods to evaluate and accommodate ANA in recent years (Arora et al., 

2022; Doherty et al., 2021; Heidenreich et al., 2018; Xiao et al., 2022). However, 

Hensher and Greene (2010) importantly note that researchers do not know whether 

stated or analytical methods are closer to the ‘truth’ in terms of determining ANA. 

Although, inferred methods have been shown to suitably estimate ANA when 

compared to observational methods such as visual non-attendance based on eye 

tracking methods (Yegoryan et al., 2020) (visual attendance does not automatically 

dictate the influence of attribute during decisions).  

 

Nonetheless, significant non-attendance interaction terms demonstrate respondents 

report non-attendance appear to signify a distinguishable difference in preferences 

and demonstrate the ability of respondents to identify differences in processing 

between attributes (although this is not strictly “non-attendance”) (Nguyen et al., 2015). 

Furthermore, studies typically find that stated and interred ANA, whilst not identical, 

are comparable and stated non-attendance methods provide useful insights into 

attribute processing patterns (Hensher & Greene, 2010; Hole et al., 2013). More 

recently studies have attempted to use more experimental and observational 

approaches to understand the behavioural processes behind attribute non-attendance 

such as think aloud interviews and eye tracking (Alemu et al., 2013; Heidenreich et 

al., 2018; Vass et al., 2018a; Yegoryan et al., 2020). Whilst these studies provide a 

greater depth of information, they are resource intensive and the process of data 

collection may influence responses. 

 

The overall finding of no difference in aggregate WTA observed in this study is in 

keeping with several previous studies (Carlsson et al., 2010; Hole et al., 2013; Nguyen 

et al., 2015), but is in contrast with other studies (Campbell et al., 2008; Hensher et 

al., 2005a) where differences were observed. In a survey, 30% of authors of DCEs in 

healthcare reported including debriefing question(s) eliciting attribute non-attendance 

(Pearce et al., 2020). However, reporting of stated ANA findings appears to be limited 
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within applied studies, perhaps greater transparency in reporting is the first step to 

better understanding decision-processing within DCEs and the implications for the 

interpretation of findings.  
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12 Discussion 
 

12.1 Introduction 
 

This chapter discusses the findings and implications of the research conducted 

throughout this thesis. The empirical chapters within this thesis provided an in-depth 

discussion of results including policy implications, strengths and weaknesses and 

areas for future research. Therefore, this chapter takes a more holistic view by 

discussing the broader implications of thesis in relation to both policy making and 

future applications of DCEs to cancer testing.  

 

12.2 Key findings and implications for ovarian cancer testing 

 
A summary of the key findings relating to the policy-related research questions first 
introduced in Chapter 1 is provided in Figure 12.1.  
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Figure 12.1: Summary of the policy related findings throughout the thesis 

First symptoms 

appear 
First GP 

appointment 

(Referral for further 

specialist testing) 
Diagnosis 

Investigation of cancer 

symptoms 

▪ Women demonstrated a willingness and ability to 
express preferences toward diagnostic testing 

 

▪ Choices were primarily driven by the trade-off 
between accuracy (i.e. test sensitivity) and time to 
diagnosis.  

 

▪ There was substantial preference heterogeneity but 
sociodemographic associations were limited. 

Asymptomatic 

▪ Preferences towards testing did not vary based 

on level of cancer risk as indicated by the 

severity of symptoms.  

 

▪ Demand for testing was high even at low risk 

levels demonstrating the value of primary care 

testing 

▪ The introduction of survival further strengthened the focus on accuracy vs waiting times.  

 

▪ Test accuracy remained the most important attribute even where waiting times resulted 

in decreased survival  
 

▪ The majority women under 50 were prepared to wait longer than 4 months for a more 

accurate test than the currently utilised CA125 test. 

1 2 3 4 
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Priorities of women varied dependent on the research method. 

BWS suggested higher prioritisation of test performance and 

outcome characteristics. Qualitative workshops highlighted 

the importance of service delivery factors such as staff 

communication style.  

Objective ii: estimating preferences towards 

ovarian cancer diagnosis 

Objective iii: estimating preferences 

towards ovarian cancer screening 

▪ Mortality reduction was the most important 
characteristic overall. 
 

▪ Screening decisions largely appeared to 
depend on the trade-off between false 
positive results and ovarian cancer deaths 
avoided. 

 

▪ 78% of respondents indicated they would 
undergo screening based on current test 
performance despite no improvement in 
mortality 

BWS results showed a 

clear prioritisation of test 

performance 

characteristics (e.g. 

mortality reduction, 

accuracy) over service 

delivery characteristics 

(e.g. location, waiting 

times, staff attitude).  

Increased anxiety about 

ovarian cancer, higher self-

perceived risk, low 

confidence in the ability to 

recognise symptoms and 

regular participation in 

cervical screening 

increased the likelihood of 

testing 
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12.2.1 Diagnostic testing for ovarian cancer 
 

This thesis developed a DCE with several sub-versions to explore preferences 

towards diagnostic testing for ovarian cancer when facing different risks of cancer. 

Overall, demand for testing was high, even when the risk of ovarian cancer was low 

(1%) and attribute importance did not differ according to risk level. At an aggregate 

level, testing decisions were primarily driven by the trade-off between accuracy (i.e. 

test sensitivity) and time to diagnosis. Remaining attributes (communication during the 

testing process and identifiable conditions) were valued by participants - but to a lesser 

extent.  

 

Mixed logit models revealed substantial preference heterogeneity across the sample, 

particularly in relation to the opt-out alternative and time to diagnosis attribute. Latent 

class modelling was used to further investigate heterogeneity. Five distinct preference 

classes were established. Membership was associated with a limited number of 

identifiable sociodemographic drivers. White respondents were more likely to place 

higher importance on test accuracy (Class 1) than respondents with other ethnic 

backgrounds. Women who reported being in less-than-good health and those who 

desired a more passive role in medical decisions were more likely to belong to exhibit 

strong test aversion (Class 2). Overall, the limited significance of sociodemographic 

factors indicated test decisions may be more specific to individuals based on 

unidentifiable factors.   

 

A further DCE sub-version introduced an age-stratified relationship between time to 

diagnosis and survival. The prominence of the accuracy-waiting time trade-off 

observed in the earlier versions was strengthened further. Accuracy remained most 

important overall and time to diagnosis became increasingly important, largely at the 

expense of further reduction in the prioritisation of alternative identifiable conditions 

and communication attributes.  

 

Choice share scenario analysis revealed an alternative testing strategy to the quick 

but less accurate CA125 blood test was preferred by a large proportion of people. This 

finding was particularly strong for women under 50 years old, where the majority of 

respondents were willing to wait in excess of 4 months for a test that offered greater 
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accuracy even when this had a significant impact on the chance of survival for those 

with ovarian cancer.  

 

Results have several implications for both clinical practice and future policy decisions. 

Firstly, high demand for testing even where cancer risks are low and the elevated 

importance of accuracy and time to diagnosis suggest lowering the urgent referral 

threshold would be welcomed by the public (Banks et al., 2014). Since this may not 

be feasible from an NHS perspective, the results also demonstrate the value of primary 

care testing for individuals experiencing low risk symptoms. Current waiting times for 

alternative tests such as TVUS imply that using CA125 testing to triage and expedite 

high risk patients is likely to be the most acceptable test strategy for many patients. 

However, preference heterogeneity and variations in test performance indicate TVUS 

may be a preferred first-line option for younger patients if available (assuming this 

provides higher test sensitivity). More generally, this finding suggests universal 

guidance on test pathways may not be appropriate. Finally, results demonstrate 

women’s willingness and ability to convey preferences towards diagnostic 

investigations. Most respondents also expressed a desire for increased input in their 

medical care during primary care consultations highlighting the importance of 

individualised and collaborative decision-making in the field of diagnosis as well as 

with treatment decisions. 

 

12.2.2 Preferences towards an ovarian cancer screening programme  
 

At the population level, screening decisions largely appeared to depend on the trade-

off between false positive results and ovarian cancer deaths avoided. False negative 

results and overdiagnosed cancers significantly impacted utility but were less 

prioritised. However, further analysis revealed significant preference heterogeneity 

across all attributes, which was particularly strong for the overdiagnosed cancers 

attribute and the no screening alternative. 

 

Latent class analysis revealed five distinct preference classes. The importance and 

significance of attributes varied substantially across all classes. Interestingly, the class 

with the highest membership probability (class 5) appeared to be neutral towards 

screening versus no screening (opt-out ASC was not significant) and false positive 
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results also appeared not to influence decisions. In contrast to the diagnostic setting, 

differences in screening preferences appeared to have stronger associations with 

observable sociodemographic factors. Level of education, previous screening 

behaviour, confidence in the ability to spot symptoms, ovarian cancer worry and self-

perceived risk all influenced preferences (i.e. class membership probabilities).  

 

The low incidence of ovarian cancer means the scope for benefits (i.e. lives saved) 

will always appear relatively small in comparison to other existing interventions. 

Nonetheless, scenario analysis suggested than uptake for screening, even where 

there is no proven benefit to screening was 77.5%. This figure is comparable to uptake 

rates of existing screening programmes such as breast and cervical screening, both 

of which achieve approximately 70% uptake (NHS Digital, 2019; NHS England, 2022). 

Increased likelihood of screening uptake was related to several sociodemographic 

characteristics, including increase anxiety about ovarian cancer, higher self-perceived 

risk, low confidence in the ability to recognise symptoms and regular participation in 

cervical screening.  

 

Results provide guidance on the potential acceptability of future tests as and when 

they are developed. Variations in preferences reiterate the need for a more 

individualised approach to testing decisions and information sharing during 

discussions surrounding testing between doctors and their patients. Finally, since 

ovarian cancer remains ineffective, there remains an important role for ongoing 

awareness campaigns to enable early recognition of cancer symptoms and prompt 

help-seeking once symptoms arise. 

 

12.2.3 Comparison of preferences in screening and diagnostic settings 

 

Willingness to undergo testing 

 

The lack of overlap between attributes included within the diagnostic and screening 

DCEs in this thesis means the ability to make comparisons of preferences at different 

stages along cancer pathway is limited. However, willingness to be tested was one 

clear difference between stated preferences in diagnostic and screening settings. 

Unsurprisingly, demand for testing was much higher in the diagnostic context where 
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respondents were asked to imagine experiencing symptoms associated with a distinct 

chance of ovarian cancer. This finding follows previous studies where people 

expressed high levels of willingness to test in the presence of any cancer risk, even 

where very low (Banks et al., 2014). However, the difference in included attributes 

cannot be ignored and limits the ability to meaningfully compare DCE findings, 

including estimated demand. In particular, there was a comparatively heavy presence 

of potential harms in the screening setting (although this also reflects differences in 

test performance in the two settings). 

 

Prioritisation of attributes 

Best-worst scaling studies conducted during the attribute selection process provide a 

clearer opportunity to compare preferences and test priorities across settings. In total, 

the diagnostic and screening BWS shared ten attributes in common.  

 

The ability to reduce ovarian cancer deaths was the most important factor in both 

contexts, followed by test sensitivity (i.e. chance of false negative results). In general, 

service delivery and process attributes appeared to be less prioritised in both settings 

in comparison to outcomes and test performance characteristics. However, this 

distinction was much clearer in the screening context. The prioritisation was less clear 

cut within the diagnostic setting, though this may be due to the higher number of 

attributes within the study and the efficiency of the experimental design. It also seems 

intuitive that attributes such as waiting times appeared more important when 

experiencing symptoms. 

 

When considering service delivery (“process”) factors there also appeared to be a 

prioritisation of experience-based factors (e.g. communication, waiting times, support 

and staff attitude) over convenience-based attributes (e.g. location, travel time, 

appointment times). This finding was particularly clear in diagnostic studies but was 

similarly reflected in the results of the screening study where attributes such as 

appointment scheduling or location were lower in importance than issues such as 

waiting times for tests or results.  

 

Sociodemographic variations in preferences 
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For screening, preferences were more likely to be associated with observed 

sociodemographic factors such as age, previous screening behaviour, numeracy 

skills, anxiety around ovarian cancer. Despite the presence of preference 

heterogeneity in the diagnostic setting, the identification of distinct sociodemographic 

drivers was more limited. This seemingly intrinsic nature of decision-making further 

highlights the need for individualised care and understanding of patient preferences in 

diagnostic settings. Despite this finding, a common theme across both settings was 

an association between increased confidence in the ability to recognise ovarian cancer 

symptoms and a preference towards no testing. This is an important finding given the 

limited association between confidence in symptom knowledge and actual ability to 

recognise symptoms within both DCE surveys. This finding further reinforces the need 

for ongoing public education on symptoms to avoid late presentation. 

 

Implications 

 

Overall, observed differences as well as the inability to make full comparisons between 

screening and diagnostic DCEs highlights the importance of future DCEs explicitly 

eliciting preferences in diagnostic settings. Preferences in screening settings should 

not automatically be assumed to be transferable. The prioritisation of test attributes 

appears to be different, even at the selection stage, meaning existing screening 

studies may exclude important and influential attributes to this setting (e.g. waiting 

times) increasing the likelihood of omitted variable bias. Furthermore, test 

performance characteristics vary between symptomatic and asymptomatic patients. 

This means attribute levels used in screening settings may not be relevant to 

diagnostic settings limiting the comparability of results, especially since the level range 

of attributes appears to influence preferences (Hall et al., 2021).   

 

12.3 Key findings and implications of methodological investigations  
 

Despite the continued increase in published studies, the results of the systematic 

review showed the application of cancer DCE findings in policymaking contexts 

appears to be limited to date. Alongside the applied element of research, this thesis 

sought to address a few methodological uncertainties that may help to improve the 



 
 
 

373 
 

generalisability and practical applications of DCE results. A summary of the 

methodological extensions and where they lie along the DCE development process in 

shown in Figure 12.2.   
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Research 

question 

Attribute 

identification 

Attribute 

selection 

Level selection 

Construction 

of tasks 

Experimental 

design 

Survey design 

Piloting 

Data               

analysis 

Final data 

collection 

 Interpretation 

Number of choice tasks and 
learning and fatigue effects 
 
No differences in error 
variance, MRS estimates or 
irrational responses were 
identified between earlier and 
later choice tasks within the 
experiment.  
 
Examination of non-
compensatory behaviour 
suggests decision processing 
strategies may evolve as 
choice tasks progress. 
 
Findings indicate respondents 
can complete a larger number 
of choice tasks than currently 
recommended by leading 
guidance with no detriment to 
the quality of data 

The impact of including an 
indifference alternative within 
choice sets 
 
The indifference alternative was 
selected in 5% of all choices 
during version 1-3 of the 
diagnostic DCE 
 
DCE estimates did not appear to 
vary based on the inclusion or 
exclusion of an indifference 
alternative within tasks 
 
Further empirical studies are 
needed to understand the 
influence of indifferent 
preferences during DCEs 

Attribute non-attendance 
Rates of self-reported ANA were 
high in both screening and 
diagnostic settings (~70%) 
 
Estimated rates of ANA were 
higher when respondents were 
asked which attributes they 
“considered” rather than which 
attributes they “ignored” 
 
Estimates using the “considered” 
frame were most comparable with 
inferred ANA using econometric 
modelling 
 
Adjusting for stated ANA had no 
impact on aggregate MRS 
estimates 

Figure 12.2: Summary of the findings from the methodological extensions conducted throughout the thesis 
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12.3.1 The impact of including indifference alternatives within choice sets 
 

Expression of indifferent preferences were frequent within the diagnostic testing DCE, 

accounting for about 5% of all responses. The omission of an indifference alternative 

forces respondents to artificially indicate a preference in instances when they value 

alternatives equally. Previous studies have shown this can lead to increased error 

variance and have a detrimental impact on model performance, although existing 

evidence is primarily reserved to the field of transportation (Bahamonde-Birke et al., 

2017; Cantillo et al., 2010; Pan & Zuo, 2020). 

 

Chapter 8 investigated the implications of including or excluding an indifference 

alternative in a healthcare context. Examination of rationality failures, stated attribute 

non-attendance, error variance across responses and willingness to wait estimates 

found no significant differences between DCEs with and without an indifference 

alternative. However, further empirical investigations in the field of healthcare are 

needed to draw an overall conclusion on the presence and implications of indifference 

towards healthcare decisions.  

 

The results from the diagnostic DCE highlight the prominence of indifferent 

preferences towards diagnostic testing for ovarian cancer, with 28% of respondents 

choosing the indifference alternative on at least one occasion. Exclusion of an 

indifference alternative may introduce bias and noise into responses by forcing 

respondents to arbitrarily choose between alternatives. For this reason, leading 

guidance recommends allowing respondents to express indifference within choice 

tasks (Bridges et al., 2011). However, failure to adequately model indifferent 

responses results in reduced efficiency in the experimental design which may have a 

detrimental impact identification and precision of model parameters (Johnson et al., 

2013; Louviere & Lancsar, 2009).  

12.3.2 Number of choice tasks and learning and fatigue effects 
 

Observations during the qualitative DCE piloting stage in Chapter 5 motivated an 

investigation of learning and fatigue effects throughout the diagnostic DCE survey. 

During think-aloud interviews some respondents exhibited learning behaviour as they 

progressed through the choice tasks by answering choice tasks faster over time and 

appearing to revaluate attribute meanings and importance between earlier and later 
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tasks. Alternatively, other respondents appeared to experience fatigue as tasks 

progressed. This methodological extension added to an established body of evidence 

with inconclusive findings and added a unique element by investigating the rationality 

of choices at different stages across the survey (Bech et al., 2011; Hess et al., 2012).  

Examination of non-compensatory behaviour indicated some individuals may 

experience evolving decision processing strategies as tasks progress, however, at an 

aggregate level results found little-to-no evidence of learning or fatigue effects across 

multiple dimensions:  rationality of choices, model scale and error variance, and 

estimates of marginal rates of substitution between attributes. Instead, findings 

suggest that variations in scale between choice tasks were primarily due to differences 

in utility balance between alternatives within a choice tasks and choice confidence 

rather than the progressive number of questions completed. An observation that aligns 

with previous studies that find differences in error variance based on order or position 

effects of choice tasks within the experimental design (Campbell et al., 2015; Day et 

al., 2012).  

 

Overall, failure to find evidence of either learning or fatigue effects according to the 

number of choice tasks completed indicate leading guidance may currently 

underestimate the number of choice tasks that can be completed by respondents 

without detriment to the quality of data  (Bridges et al., 2011).  

 

12.3.3 Attribute non-attendance during the completion of choice tasks 
 

The DCEs in this thesis explored the implications of self-reported attribute non-

attendance (ANA) on model estimates and in particular, estimates of the marginal 

rates of substitution between attributes. Self-reported rates of ANA in both DCEs were 

high (~70% of all respondents indicated they did not attend least one attribute), 

however, comparable to findings in previous publications (Hole et al., 2013; Scarpa et 

al., 2013). Stated ANA methods have been critiqued due to the potential for variations 

due to procedural factors (e.g. How and when to ask the question? How is the question 

interpreted? How well can respondents recall and evaluate their behaviour?) (Scarpa 

et al., 2013). In response, this thesis added a small but to my best knowledge unique 

contribution to the interdisciplinary body of research on ANA by considering the impact 

of question framing on DCE estimates. Results indicate that question framing leads to 



 
 
 

377 
 

differences in reported rates of ANA. Although adjustments for non-attendance 

regardless of elicitation method had little-to-no impact on WTA estimates. There is a 

rich and conflicting body of research relating to ANA in DCEs, however, engagement 

with this research in the field of health economics remains fairly limited and peripheral 

to applied studies (Arora et al., 2022; Erdem et al., 2015; Jonker et al., 2018). Results 

of this thesis and previous studies (Arora et al., 2022; Hess et al., 2013) suggest 

considering ANA can be useful in understanding preference heterogeneity and can be 

particularly valuable when considering policies relating to increasing uptake. As a first 

step, greater transparency in rates of ANA appears necessary. Pearce et al. (2020) 

found that whilst many authors of DCEs (31%) reported including debriefing questions 

relating to ANA, very few actually report such data. This may be due to a lack of 

precedent on ANA in health-based research. Questions such as acceptable levels of 

ANA, how to measure ANA and how to accommodate non-attendance into modelling 

remain unresolved. This appears to be area in need of future development. 

 

12.4 Learnings/reflections on eliciting preferences towards diagnostic 

testing 
 

An overarching objective of the thesis was to provide an example of how discrete 

choice experiments can be used to elicit preferences towards diagnostic testing for 

cancer- an area where medical decision-making remains overly paternalistic, despite 

the general trend towards shared decision-making and increased patient involvement 

in broader healthcare settings. The application to ovarian cancer demonstrated the 

willingness and ability of patients to form and express preferences in this context. 

Additionally, the application towards ovarian cancer provided ways in which 

preferences can be incorporated into policymaking and clinical care with the purpose 

of improving diagnostic outcomes and patient satisfaction. The findings of the thesis 

and the process of developing DCEs in this context identified several issues future 

researchers may wish to consider when extending the methodology into the field of 

cancer diagnosis. This section is not exhaustive and instead focuses on some key 

learnings that have been discussed to a lesser degree through the chapter 

discussions.  
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12.4.1 Formulating a relevant research question  
 

The systematic review in Chapter 4 highlights the current underutilisation of findings 

from cancer DCEs within decision-making settings despite the continual increase in 

DCE publications, most of which have policy-based research questions as the 

motivation for the study. Alongside methodological uncertainties, Chapter 4 also 

highlighted disparities between research questions, chosen attributes and reported 

outcomes as a potential source of moderator of application to policymaking.  

 

This thesis aimed to provide an exemplar of how DCEs can be applied to diagnostic 

setting for the purpose improving diagnostic outcomes and satisfaction with care and 

shared decision-making in diagnostic settings. The diagnostic DCE in Chapter 8 

provided insights into priorities around ovarian cancer which can be useful to future 

guidance revisions. However, the explorative and adaptive nature of PhD research 

meant final results from the diagnostic DCE were somewhat more removed from the 

policy context relating to ovarian cancer than first hoped. For example, direct 

comparisons of alternative test pathways were not possible (e.g. CA125 vs CA125 + 

TVUS, or TVUS only).  

 

The formulation of the research question will influence the design and implementation 

of a preference elicitation study and ultimately determine value of results. As such, the 

importance of specifying a clear and relevant research question, motivated by clinical 

practice should not be overlooked. Whilst PPIE input was sought during the 

development of the DCEs within this thesis, engagement with clinical experts during 

the conceptualisation process may have helped to ensure DCEs are better matched 

and relevant to clinical practice and policy related issues. Greater collaboration with 

clinical and policy-making experts should be an important consideration for future 

researchers. 

 

12.4.2 Attribute selection- combining methods, importance of input from target 

audience 

 

The results of this thesis demonstrate the value of combining multiple methods in order 

to gain different perspectives. Reliance on a single method (e.g. systematic review) 
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during attribute development may lead to inconclusive or suboptimal evidence on the 

which attributes to include. However, combining evidence from multiple sources was 

a key challenge throughout the thesis and particularly within the diagnostic DCE, due 

the need to reconcile contrasting evidence between in-depth qualitative workshops 

with a small sample and the more high-level prioritisation BWS survey with a larger 

sample of the target population. Over-weighting of attributes prioritised during the 

workshops (e.g. communication) may have been a contributing factor to the high levels 

of stated attribute non-attendance observed in the final DCE study.  

 

There is an increasing number of publications offering guidance on attribute 

development (Helter & Boehler, 2016). Notably, since the completion of attribute 

selection within this thesis, Webb et al. (2021) published a framework for the inclusion 

of BWS during attribute development. Importantly guidance is typically based on a 

single case-study and comparisons of alternative selection methods and their 

outcomes are limited. Existing examples comparing different methods and/or different 

combinations of methods demonstrate alternative methods result in differences in the 

final attributes and/or the number of attributes selected (Helter & Boehler, 2016; 

Timmis, 2020). To my knowledge no studies have gone beyond this point and 

considered how attributes generated using different methods affect DCE estimates 

and in particular attribute non-attendance (i.e. relevance of attributes to the final 

sample). 

 

There is a need for pragmatic guidance on merging evidence from multiple sources 

and finalising attributes during attribute selection—a stage which unavoidably relies 

on the subjectivity and judgement of researchers introducing the potential for bias. 

Reflections from the research during this thesis provide a starting point but further 

research is needed. 

 

Advice for future studies in cancer testing when determining methods for attribute 

selection: 

 

- Begin with a clear research question: What do you fundamentally want to know? 

Are there any attributes that are essential to achieve the research objectives 
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regardless of the outcomes of attribute selection methods (e.g. price attribute if WTP 

calculations are needed)? 

 

- Identify any existing evidence relating to your study and any clear evidence 

gaps: what existing evidence in the area exists? Is there already substantial qualitative 

work or previous BWS or DCE studies? What would be most beneficial given any 

research constraints (e.g. time, financial, recruitment)? 

 

- Have clear inclusion criteria and development pathway from the outset: Limit 

ad hoc decisions by outlining a framework for finalising attribute selection. This will 

help to mitigate the influence of researcher bias and allow for a systematic approach 

during stages of the process where greater subjectivity is required. 

 

- Involve PPIE throughout the selection process: The inclusion of PPIE 

representatives will allows for the target population perspective to be consistently 

present throughout the development process. This engagement may be particularly 

valuable during stages involving researcher judgments (e.g. final selection).    

 

- Consider the order of attribute development methods when using a multi-

method approach: Alternative methods may be more useful for particular stages of 

attribute development. Qualitative research is typically more exploratory in nature and 

may be useful to identify a longlist of potential attributes whereas best-worst scaling is 

more reductive in nature, helping to narrow down candidate attributes. For this reason, 

upon reflection it may have been preferable to reverse the order of methods utilised 

within Chapter 5. Where resources allow an iterative approach between qualitative, 

quantitative and researcher-based stages is likely to be best.  

 

- Consider the skills of the research team: Poor research practice due to 

inexperience can affect the validity of results. It is therefore important to consider which 

methods most suit the skills of the researchers and to access expert guidance or 

training where necessary. Arguably, a limitation of attribute selection within this thesis 

was that all qualitative aspects were performed by typically quantitative researchers 

(although training and expert guidance were obtained). 
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12.4.3 Importance and influence of level assignment 
 

Level assignment is a crucial step of attribute development that influences the 

importance of attributes within the final DCE and the application of results to broader 

contexts. By contrast, level assignment receives comparatively less attention in than 

attribute development as highlighted by the systematic review in Chapter 4. In 

hindsight there are two key avenues within the thesis research where level selection 

may have influenced the outcomes of the study and contributed to ANA.  

 

The first avenue relates to the inclusion of attribute levels during attribute development 

research involving the target audience. Following convention, attribute levels were not 

described to participants when choosing “most” and “least” important attributes during 

BWS tasks (i.e. Case 1 BWS). This approach limits the cognitive burden of tasks and 

is therefore particularly useful in studies with many attributes as seen in the diagnostic 

study (n=25). During the diagnostic attribute development, potential attribute levels 

were introduced to workshop participants during the follow up questionnaire. This 

decision was based on a general-to-specific approach which introduced more 

complexity as engagement and understanding with the study aims and context 

increased. Questionnaire results demonstrated that the introduction of attribute levels 

influenced the importance and acceptability of potential attributes and was a crucial 

stage of the selection process. This finding highlights the importance of including 

attribute levels during the development stage. No introduction at all may lead to 

inclusion to irrelevant attributes once the contexts/constraints of the decision context 

are introduced in the final DCE. For example, when considering colorectal cancer 

testing, modality may be important to the target population without context but if both 

tests involve faecal sampling, they are likely to be similar in terms of acceptability. As 

opposed to comparison of a faecal test versus colonoscopy. Case 2 BWS, wherein 

participants indicate the importance of attribute levels, may be preferable where there 

are fewer attributes under consideration/the complexity of attributes is limited. This is 

particularly important if this is the primary method for attribute selection. 

 

The second avenue relates to the combination of linguistically and numerically 

expressed levels within a single DCE. This study follows previous literature in finding 
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self-reported ANA was much higher for attributes with linguistically expressed levels 

(e.g. communication and identifiable conditions) compared to numeric levels (i.e. time 

to diagnosis, accuracy). Evidence from the field of marketing demonstrates numeric 

levels are considered to be more “concrete”, meaning information is specific, tangible 

and presented in an easily processible form (Viswanathan & Childers, 1996). Linguistic 

attributes are typically more “abstract”; the meaning is vaguer and evaluation requires 

further processing.  Research shows concrete attributes are easier to understand, 

process and directly compare (Stone & Schkade, 1991). Abstract attributes require 

greater cognitive effort leading to selective attribute processing and increased ANA 

(Horsky et al., 2004; Huber, 1980; Jiang & Punj, 2010; Nisbett & Ross, 1980). Mixing 

qualitatively and numerically described attributes may often be unavoidable but 

attention should be paid to the clarity and subjectivity of language compared to 

numerically described attributes. In the diagnostic DCE, attribute levels for 

“communication” were very subjective, whereby respondents were explicitly asked to 

assign their own definition to the levels. If replicated, this is an aspect of the DCE which 

could be further refined.  

 

12.4.4 Establishing the choice context: balancing difficulty and engagement  
 

Balancing the level of information to ensure respondents are appropriately motivated 

but not overwhelmed is a clear challenge when considering preferences towards 

cancer testing given the complexity and nuance of the topic. Participants may be 

required to formulate preferences towards issues they had never considered, using 

unfamiliar language or requiring consideration of risky scenarios.  

 

During the diagnostic DCE, 38% of respondents reported finding the tasks difficult or 

very difficult. This figure rose to 47% in the screening DCE where attributes all involved 

risk. Increased perceived difficulty may indicate genuine engagement with the task, 

particularly when using an efficient experimental design since alternatives are paired 

based on utility balance. However, highly difficult tasks can also affect a respondent’s 

ability or willingness to meaningfully engage with the tasks.  

 

The challenge of obtaining authentic engagement is exacerbated in online settings. 

Attention check questions were utilised within the surveys of this thesis to encourage 
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participants to thoroughly read and consider questions. A caveat of this method is 

online participants are typically experienced in spotting these attention-type questions 

and such questions do not allow understanding of the choice task to be gauged. 

Furthermore, engagement does not necessarily ensure understanding. 

 

The use of alternative risk displays was discussed in depth throughout previous 

chapters as a means to increase participant understanding. There are other ways in 

which the communication of information may have been approached differently and to 

provide insights for future studies. 

 

Training materials 

Good practice guidance emphasises the need for an introductory section explaining 

the context of the DCE and the content of the survey including attributes and levels 

prior to the presentation of the DCE choice tasks. These training materials require a 

balance between providing enough information to motivate and facilitate genuine 

engagement with the choice tasks versus overwhelming respondents with excessive 

information.  

 

A recent area of development is the use of interactive tools or videos rather than 

written information to introduce the information relevant to the DCE to improve 

engagement and understanding. The effectiveness of alternative methods is an 

emerging area of research. Results to date demonstrate interactive tools improve the 

choice consistency (Vass et al., 2020) but effects on preferences appear limited (Lim 

et al., 2020; Vass et al., 2020) although  Bywall et al. (2021) found differences in 

attribute importance across different educational tools.  Further research is needed; 

however, interactive tools may help to improve engagement particularly with the 

continued move towards online survey administration. 

 

Comprehension questions 

Vass and Payne (2017) suggest the inclusion of comprehension questions may help 

to assess respondent understanding of training materials. Currently, empirical 

evidence on the effects of comprehension questions is currently lacking. Inclusion of 

such questions was considered during the early stages of DCE development within 
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this thesis (e.g. “True or false: Some tests used to identify ovarian cancer might also 

unintentionally discover an unrelated condition, known as an incidental finding?”). No 

comprehension questions were included within the final survey due to negative 

feedback from PPIE and peer-reviewers during the ethics application process.   

 

12.5 Limitations 
 

This thesis provides novelty in being an early example of the importance of evaluating 

preferences in diagnostic settings and the only application of stated preference 

techniques to ovarian cancer testing (to my best knowledge). A key strength of this 

research is the rigorous and transparent approach to DCE methods following best 

practice guidance.  

 

Limitations of the empirical aspects of this thesis are discussed in each chapter. This 

section provides a summary of some of the overarching limitations of the methods 

undertaken within this PhD. 

 

Firstly, as with all stated preference studies, the hypothetical nature of the DCEs 

means establishing the external validity of findings is a challenge. The choice to focus 

on the preferences of women from the general public rather than a patient 

populationalso means that most respondents were required to imagine scenarios 

which they had no prior experience (although it is likely all respondents had received 

some form of medical testing throughout their life).  

 

Next, the representativeness of sample was a challenge highlighted throughout the 

empirical chapters of this thesis. Steps were taken to improve the representativeness 

of the sample in terms of ethnicity in later studies but the choice of recruitment 

combined with the limits to the sample (i.e. women over 40) meant a fully 

representative sample was not possible. This may have an impact on the 

generalisability of results to the broader population, although results suggested 

differences in preferences did not generally appear to be associated with typical 

sociodemographic factors (e.g. ethnicity, age, employment status etc). Similarly, the 

online-only approach to recruitment introduces the possibility of selection bias, as only 
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those who had access to a computer and were computer literate were able to take 

part. 

 

Finally, it is important to recognise the limitations of findings for the purpose of 

improving diagnostic outcomes through policy recommendations. Preferences play an 

important role in satisfaction and adherence to care plans. However, during the course 

of the thesis it became apparent that delays in diagnosis are largely driven by 

knowledge gaps in symptom awareness from both a patient and provider perspective. 

For context, Lyratzopoulos et al. (2015) found the mean length of time from symptom 

onset to first consultation (39 days) was around twice as long as the time from first 

consultation to specialist referral (21 days) for ovarian cancer. This highlights the 

importance of continued public health interventions aimed at shortening patient 

intervals. 

 

12.6 Future Research 
 

12.6.1 Optimising ovarian cancer diagnosis 
 

The importance placed on test accuracy and timeliness in diagnostic settings suggests 

current testing recommendations may not be optimised to meet women’s preferences, 

particularly for patients under 50 years old where CA125 testing significantly reduces 

in accuracy (Funston et al., 2020a). However, whilst the results of this thesis provide 

a useful reference of women’s preferences, there are several gaps in the current 

evidence base which need to be addressed in order to understand how preferences 

may be implemented into clinical practice and before current guidelines to be 

reconsidered.  

 

Key areas for future research to address these uncertainties and facilitate the 

application of preferences towards ovarian cancer diagnosis with the aim of improving 

diagnostic outcomes and patient satisfaction are:  

 

i. Understanding the diagnostic performance characteristics of TVUS for the 

diagnosis ovarian cancer in primary care 

ii. Understanding the efficacy of alternative testing pathways e.g. combined 

testing versus sequential testing versus single modality testing 
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iii. Investigations of the cost-effectiveness and feasibility of alternative tests 

and combinations of testing from a capacity aspect is also needed.  

This thesis also demonstrated demand for testing even at very low risks of cancer, 

suggesting an expansion of CA125 testing in primary care (i.e. increasing the 

symptoms that trigger primary care testing) would be welcomed; although, again it is 

important to consider the cost effectiveness and capacity impacts of such a change.  

 

12.6.2 Preferences towards cancer testing 
 

The research presented in this thesis indicates that people are willing and able to 

express preferences towards diagnostic testing and wish to play a greater role during 

primary care consultations. 

 

Given the current lack of evidence relating to preferences for diagnostic testing further 

DCEs studies eliciting preferences towards diagnostic testing to facilitate shared 

decision-making and increase patient input, particularly for cancer sites where there 

are new emerging diagnostic modalities or where evidence or guidance reviews are 

expected. The best-worst scaling studies presented in Chapters 5 and 9 as part of 

attribute selection provide useful starting points for future other studies in the field of 

cancer testing as the use of Case 1 BWS results are likely to be generalisable to 

cancer testing as site-specific levels were not included.  

 

As mentioned throughout the thesis, the research was developed in collaboration with 

cisgender women and is likely to have collected responses from this population too. 

Future preference-based studies should aim to measure the preferences of 

transgender and non-binary people at risk of ovarian cancer. This research should be 

developed in collaboration with members of this population rather than repeating 

experiments such as the ones in this thesis in a new population.  

 

Finally, given the collaborative nature of shared decision-making, future studies 

investigating doctors’ preferences would also be of value. Based on the current 

dominant role of GPs in diagnostic decisions, studies may investigate doctors’ own 

preferences towards diagnostic testing and/or doctors’ perceptions of patient 

preferences. Existing research has demonstrated that GP recommendations are 
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valued by patients and influence decision-making (Peterson et al., 2016) therefore, 

future studies may also focus on understanding collaborative decision-making by 

applying multi-agent DCE methods such as Interactive Agency Choice Experiments 

developed in other fields such as transport (Brewer & Hensher, 2000; Hensher et al., 

2008; Rose & Hensher, 2004). 

 

12.6.3 Discrete choice experiments methods 
 

Several avenues for further research in the application of DCEs to cancer testing (and 

healthcare more broadly) were suggested throughout the thesis, a few of which are 

reiterated here.  

 

Firstly, as outlined in section 12.4.2, further research into the attribute selection 

process is a potential area for future research. In particular, comparisons of alternative 

methodological approaches with the ultimate aim of developing a framework for 

combining multiple streams of evidence for future authors. It is hoped that future 

research will be helpful in understanding and addressing discrepancies between 

attribute development and final DCE findings as seen in the diagnostic DCE conducted 

in this thesis as well as previous studies (Timmis, 2020).   

 

Secondly, the high levels of self-reported difficulty within the DCEs in this thesis 

indicate further research is needed to explore alternative methods for communicating 

contextual information and attributes within choice tasks. This is particularly important 

where there is a heavy presence of risk-based attributes which add to overall 

complexity of tasks as seen in Chapter 10. There exists a small body of evidence 

comparing alternative approaches to risk communication within DCEs (Vass et al., 

2018a) however, applications of best evidence from the field of risk communication 

remain limited (Harrison et al., 2014). This area of research is also highlighted as a 

methodological priority in a recent publication by a panel of preference elicitation 

experts (Smith et al., 2021). 

 

Finally, the development of transparent and readily available approaches allowing the 

incorporation of indifference preferences into choice models is a further avenue for 

future research. In particular, the extension and adaptation of existing to accommodate 
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the presence of no choice alternatives as seen in Chapter 8 of this thesis (Bahamonde-

Birke et al., 2017; Cantillo et al., 2010).  

 

12.7 Conclusion 
 

There is an ever-increasing body of literature eliciting preferences towards cancer 

testing with the purpose of increasing patient satisfaction, uptake and treatment 

outcomes. To date, studies almost exclusively focus on preferences towards 

screening testing in asymptomatic populations. The research in this thesis provides 

an example of how discrete choice experiment methods can be applied to diagnostic 

settings, where medical decision-making remains largely paternalistic despite the 

increasing emphasis on shared decision-making between doctors and patients within 

the NHS. Further novelty was introduced through the focus on preferences towards 

ovarian cancer, a site where no quantitative preference studies were identified and 

several uncertainties surrounding diagnostic testing remain.  

 

To ensure rigorous research methods, an extensive systematic review of DCEs on 

cancer testing provided the basis on discrete choice development which also 

combined multiple evidence streams including best-worst scaling surveys and online 

workshops with the general public. This thesis provides evidence that discrete choice 

methods can be successfully applied to diagnostic settings and respondents are willing 

and capable of expressing rational preferences towards hypothetical diagnostic 

scenarios. The results of this thesis provide useful information for policymakers if and 

when clinical diagnostic guidance is reconsidered and provides useful insights for 

researchers aiming to undertake future preference elicitation studies relating to 

diagnostic testing.  

 

Lack of symptom awareness from both a patient and provider perspective was 

highlighted as a key barrier to earlier diagnosis throughout the thesis. The 

development of an ovarian cancer screening program is widely considered to be a 

solution to the high rates of late diagnoses currently experienced. Therefore, the 

extension into ovarian cancer screening also provides evidence on the acceptability 

and demand for potential screening programmes which continues to be a prevalent 

area of ovarian cancer research.  
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Appendix 1.1: Ethical approval certificate for best-worst scaling studies 
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Appendix 3.1: Relationships between respondent characteristics and acceptance and 
uptake of ovarian cancer screening 

 

Demographic factors 

Age No relationship (Drescher et al., 2004)  
Younger age associated with increased screening (Drescher et al., 
2000)  

Income No relationship (Pavlik et al., 1995)  
Increased income associated with increased screening (Drescher et 
al., 2000)  

Education  No relationship  (Drescher et al., 2004; Jenkins et al., 2015)   
Higher levels of education associated with increased screening 
(Pavlik et al., 1995)  

Employment Being employed associated with increased screening (Schwartz et 
al., 1995)  

Ethnicity No relationship (Jenkins et al., 2015)  

Health related factors 

Family history of cancer  increased screening behaviour (Drescher et al., 2000; Schwartz et al., 
1995)  
No relationship (Drescher et al., 2004; Jenkins et al., 2015)  

Use of HRT Using HRT associated with reduced screening (Jenkins et al., 2015)  

Participation in other 
screening programmes 

No association (Drescher et al., 2004)  
Previous screening behaviour associated with increased screening 
(Drescher et al., 2000; Jenkins et al., 2015)  

Personal history of 
cancer 

No association (Drescher et al., 2004; Jenkins et al., 2015)  

Previous abnormal 
screening result 

No association (Drescher et al., 2004)  

Supply-side factors 

Recent contact with a 
medical professional 

Contact with a gynaecologist increased the likelihood of screening 
(Drescher et al., 2000)  
 

Number of physician per 
100,000 patients 

No relationship (Pavlik et al., 1995)  
 

Health beliefs and knowledge 

Ovarian cancer worry Increased worry associated with increased screening (Drescher et al., 
2000; Schwartz et al., 1995)  

Worried about screening No relationship (Jenkins et al., 2015)  

Perceived risk of ovarian 
cancer 

No relationship (Drescher et al., 2004)  
Higher perceived risk associated with increased screening (Jenkins et 
al., 2015; Schwartz et al., 1995)  

Ovarian cancer 
knowledge 

No relationship (Drescher et al., 2004)  
 

Increased anxiety Increased anxiety associated with reduced screening (Jenkins et al., 
2015)  
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Appendix 4.1: Systematic review paper focusing on attributes and attribute selection 
published in The Patient 
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Appendix 4.2: Quality assessment for systematic reviews included in the overview 
using the adapted AMSTAR2  
Questions 1 and 8 were excluded as they were not relevant to systematic reviews of discrete 
experiments. The maximum score was 8. The AMSTAR checklist was supplemented by an additional 
question which assessed whether the systematic reviews performed a risk of bias assessment for the 
studies which it included. 
 

 

Q1. Ammended- wording unchanged but answers amended -original question uses PICO format which is not 
relevant/necessary to preference-based studies– instead we focused on the motivation of the study and description of the 
target population, type of preference study and key outcomes 
Q8. Ammended- wording unchanged but answers amended-we focused on descriptions of the population and key outcomes 
only 
Q9. Ammended- wording unchanged but answers amended- we focused on whether the quality of studies had been checked 
using a checklist/tool 
Q11-15- Excluded- no quantitative/meta-analysis was not performed in any of the reviews
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1. Was the research question clearly defined? (i.e. 
Were a description and motivation for the research 
question, target population, key outcomes provided) 

✔ ✔ ✔ ✔ ✔ 

2. Did the report of the review contain an explicit 
statement that the review methods were established 
prior to the conduct of the review and did the report 
justify any significant deviations from the protocol? 

✖ ✖ ✖ ✔ ✖ 

3. Did the review authors explain their selection of the 
study designs for inclusion in the review? ✔ ✔ ✔ ✔ ✔ 

4. Did the review authors use a comprehensive 
literature search strategy? ✖ ✔ ✔ ✔ ✔ 

5. Did the review authors perform study selection in 
duplicate? ✔ ? ? ✔ ? 

6. Did the review authors perform data extraction in 
duplicate? ✔ ? ? ✔ ? 

7. Did the review authors provide a list of excluded 
studies and justify the exclusions? ✖ ✖ ✖ ✔ ✖ 

8. Did the review authors describe the included studies 
in adequate detail? (populations, outcomes only) ✔ ✔ ✔ ✔ ✔ 

9. Did the review authors use a satisfactory 
technique for assessing the risk of bias (RoB) in 
individual studies that were included in the 
review? 

✖ ✖ ✔ ✔ ✖ 

10. Did the review authors report on the sources of 
funding for the studies included in the review? ✔ ✔ ✔ ✔ ✔ 

11. Did the review authors report any potential sources 
of conflict of interest, including any funding they 
received for conducting the review? 

✔ ✔ ✔ ✔ ✔ 

Total AMSTAR2 score (out of 11) 7 6 7 11 6 



 
 
 

418 
 

Appendix 4.3: Search terms used to identify discrete choice studies 

Database: MEDLINE; Strategy: 
1. "discrete choice".tw. 
2. (conjoint adj1 (analys?s or measurement* or stud* or "choice experiment*")).tw. 
3. "part-worth utilit*".tw. 
4. "functional measurement*".tw. 
5. "paired comparison*".tw. 
6. "pairwise choice*".tw. 
7. (stated adj1 (preference* or choice*)).tw. 
8. or/1-7 
9. exp animals/ not humans.sh. 
10. 8 not 9 
11. limit 16 to yr="2000 -Current" 
 
Database: MEDLINE(R) In-Process & Other Non-Indexed Citation; Strategy: 
1. "discrete choice".tw. 
2. (conjoint adj1 (analys?s or measurement* or stud* or "choice experiment*")).tw. 
3. "part-worth utilit*".tw. 
4. "functional measurement*".tw. 
5. "paired comparison*".tw. 
6. "pairwise choice*".tw. 
7. (stated adj1 (preference* or choice*)).tw. 
8. or/1-7 
9. limit 17 to yr =”2000 –Current” 

 
Database: EMBASE;  Strategy: 
1. "discrete choice".tw. 
2. (conjoint adj1 (analys?s or measurement* or stud* or "choice experiment*")).tw. 
3. "part-worth utilit*".tw. 
4. "functional measurement*".tw. 
5. "paired comparison*".tw. 
6. "pairwise choice*".tw. 
7. (stated adj1 (preference* or choice*)).tw. 
8. or/1-7 
9. exp animal/ not human/ 
10. 8 not 9 
11. limit 17 to yr="2000 -Current" 
 
Database: PsycINFO; Strategy: 
1. "discrete choice".tw.  
2. (conjoint adj1 (analys?s or measurement* or stud* or "choice experiment*")).tw.  
3. "part-worth utilit*".tw.  
4. "functional measurement*".tw.  
5. "paired comparison*".tw.  
6. "pairwise choice*".tw.  
7. (stated adj1 (preference* or choice*)).tw.  
8. or/1-7  
9. limit 17 to yr="2000 -Current"  
 
Database: HMIC (Health Management Information Consortium); Strategy: 
1. "discrete choice".tw.  
2. (conjoint adj1 (analys?s or measurement* or stud* or "choice experiment*")).tw.  
3. "part-worth utilit*".tw.  
4. "functional measurement*".tw.  
5. "paired comparison*".tw.  
6. "pairwise choice*".tw.  
7. (stated adj1 (preference* or choice*)).tw.  
8. or/1-7  
9. limit 17 to yr="2000 -Current"  
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Database: Web of Science; Strategy: 
1. TITLE: ("discrete choice")  
2. TITLE: (conjoint near/0 (analys?s or measurement* or stud* or "choice experiment*"))  
3. TITLE: (part-worth utilit*)  
4. TITLE: (functional measurement*)  
5. TITLE: (paired comparison*)  
6. TITLE: (pairwise choice*)  
7. TITLE: (stated near/0 (preference* or choice*))  
8. #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1  
 
Database: EconLit; Strategy: 
1. TI "discrete choice" OR AB "discrete choice"      
2. TI ( conjoint N0 (analys?s or measurement* or stud* or "choice experiment*" ) OR AB ( conjoint N0 

(analys?s or measurement* or stud* or "choice experiment*" )     
3. TI "part-worth utilit*" OR AB "part-worth utilit*"     
4. TI "functional measurement*" OR AB "functional measurement*"     
5. TI "paired comparison*" OR AB "paired comparison*"     
6. TI "pairwise choice*" OR AB "pairwise choice*"     
7. TI ( stated N0 (preference* or choice*) ) OR AB ( stated N0 (preference* or choice*) ) 
8. S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7     
 
Database: NHS EED; Strategy: 
1. "discrete choice":ti or "discrete choice":ab 
2. conjoint near/1 (analys?s or measurement* or stud* or "choice experiment*"):ti or conjoint near/1 

(analys?s or measurement* or stud* or "choice experiment*"):ab  
3. "part-worth utilit*":ti or "part-worth utilit*":ab  
4. "functional measurement*":ti or "functional measurement*":ab  
5. "paired comparison*":ti or "paired comparison*":ab  
6. "pairwise choice*":ti or "pairwise choice*":ab  
7. stated near/1 (preference* or choice*):ti or stated near/1 (preference* or choice*):ab 
8. #1 or #2 or #3 or #4 or #5 or #6 or #7 in Economic Evaluations 
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Appendix 4.4: ISPOR Good Practice Guidance Checklist (Bridges et al, 2011)  

1. Was a well-defined research question stated and is conjoint analysis an appropriate method for answering 
it? 

1.1 Were a well-defined research question and a testable hypothesis articulated? 

1.2 Was the study perspective described, and was the study placed in a particular decision-making or policy 
context? 
1.3 What is the rationale for using conjoint analysis to answer the research question? 

2. Was the choice of attributes and levels supported by evidence? 

2.1 Was attribute identification supported by evidence (literature reviews, focus groups, or other scientific 
methods)? 

2.2 Was attribute selection justified and consistent with theory? 

2.3 Was level selection for each attribute justified by the evidence and consistent with the study perspective 
and hypothesis? 

3. Was the construction of tasks appropriate? 

3.1 Was the number of attributes in each conjoint task justified (that is, full or partial profile)? 

3.2 Was the number of profiles in each conjoint task justified? 

3.3 Was (should) an opt-out or a status-quo alternative (be) included? 

4. Was the choice of experimental design justified and evaluated? 

4.1 Was the choice of experimental design justified? Were alternative experimental designs considered? 

4.2 Were the properties of the experimental design evaluated? 

4.3 Was the number of conjoint tasks included in the data-collection instrument appropriate? 

5. Were preferences elicited appropriately, given the research question? 

5.1 Was there sufficient motivation and explanation of conjoint tasks? 

5.2 Was an appropriate elicitation format (that is, rating, ranking, or choice) used? Did (should) the elicitation 
format allow for indifference? 
5.3 In addition to preference elicitation, did the conjoint tasks include other qualifying questions (for example, 
strength of preference, confidence in response, and other methods)? 

6. Was the data collection instrument designed appropriately? 

6.1 Was appropriate respondent information collected (such as sociodemographic, attitudinal, health history 
or status, and treatment experience)? 

6.2 Were the attributes and levels defined, and was any contextual information provided? 

6.3 Was the level of burden of the data-collection instrument appropriate? Were respondents encouraged 
and motivated? 

7. Was the data-collection plan appropriate? 

7.1 Was the sampling strategy justified (for example, sample size, stratification, and recruitment)? 

7.2 Was the mode of administration justified and appropriate (for example, face-to-face, pen-and-paper, web-
based)? 
7.3 Were ethical considerations addressed (for example, recruitment, information and/or consent, 
compensation)? 

8. Were statistical analyses and model estimations appropriate? 

8.1 Were respondent characteristics examined and tested? 

8.2 Was the quality of the responses examined (for example, rationality, validity, reliability)? 

8.3 Was model estimation conducted appropriately? Were issues of clustering and subgroups handled 
appropriately? 

9. Were the results and conclusions valid? 

9.1 Did study results reflect testable hypotheses and account for statistical uncertainty? 

9.2 Were study conclusions supported by the evidence and compared with existing findings in the literature? 

9.3 Were study limitations and generalizability adequately discussed? 

10. Was the study presentation clear, concise, and complete? 

10.1 Was study importance and research context adequately motivated? 

10.2 Were the study data-collection instrument and methods described? 

10.3 Were the study implications clearly stated and understandable to a wide audience? 
Highlighted questions were particularly relevant to the research question 
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Appendix 4.5: Results of quality assessment using the ISPOR Good Practice 
Guidance Checklist (Bridges et al, 2011) 

 

 
Q1. Q2. Q3. Q4. Q5. Q6. Q7. Q8. Q9. Q10. 

Total 
score 

Ryan and Wordsworth (2000) 3 3 3 2 0 2 2 3 3 2 23 

Salkeld, et al. (2000) 3 2 1 1 0 0 0 1 2 2 12 

Gerard, et al. (2003) 3 3 3 3 0 1 2 3 3 2 23 

Salkeld, et al. (2003) 2 3 1 3 2 2 3 2 1 3 22 

Arana, et al. (2006) 3 3 1 1 2 2 1 1 1 3 18 

Berchi, et al. (2006) 2 3 2 2 0 2 1 2 3 2 19 

Marshall, et al. (2007) 3 3 3 2 1 3 1 3 3 3 25 

Fiebig, et al. (2009) 3 3 3 3 0 2 2 2 2 2 22 

Howard and Salkeld (2009) 3 3 3 3 0 2 2 3 3 2 24 

Marshall, et al. (2009) 3 3 3 3 1 3 3 3 3 3 28 

Hol, et al. (2010) 3 3 3 2 1 3 2 3 3 3 26 

Nayaradou, et al. (2010)  2 3 3 2 0 2 0 2 3 2 19 

van Dam, et al. (2010) 3 3 3 2 2 3 2 3 3 3 27 

Howard, et al. (2011) 3 3 2 3 1 3 3 3 3 3 27 

Pignone, et al. (2012) 3 3 1 2 3 3 1 2 2 3 23 

Boone, et al. (2013) 3 2 3 2 2 3 3 2 3 3 26 

de Bekker-Grob, et al. (2013) 3 2 3 2 2 3 3 3 3 3 27 

Johar, et al. (2013) 3 3 3 3 0 2 2 2 2 2 22 

Pignone, et al. (2013) 3 3 2 1 2 2 3 1 3 3 23 

Benning, et al. (2014a) 3 3 2 2 1 3 0 3 3 3 23 

Benning, et al. (2014b) 3 3 3 2 1 3 0 2 3 3 23 

Brenner, et al. (2014) 3 3 2 1 2 2 2 1 2 3 21 

Ghanouni, et al. (2014) 3 2 3 3 2 3 3 1 3 3 26 

Groothuis-Oudshoorn, et al. (2014) 3 3 3 2 1 3 3 2 3 3 26 

Pignone, et al. (2014) 2 3 3 2 2 3 3 2 3 3 26 

Plumb, et al. (2014) 2 2 3 1 1 3 3 2 3 3 23 

Chamot, et al. (2015) 2 3 2 1 1 3 2 1 3 3 21 

Howard, et al. (2015) 3 3 3 2 0 3 2 2 3 2 23 

Kistler, et al. (2015) 2 3 3 1 2 3 3 2 3 3 25 

Kitchener, et al. (2016) 3 3 3 3 2 3 3 1 3 3 27 

Martens, et al. (2016) 3 3 3 2 0 2 1 1 3 2 20 

Sicsic, et al. (2016) 3 3 3 3 1 2 3 1 3 2 24 

Spinks, et al. (2016) 2 3 1 3 0 1 1 0 3 2 16 

Kohler, et al. (2017) 3 3 2 2 2 3 2 2 3 3 25 

Papin-Lefebvre, et al. (2017) 2 3 2 2 0 2 3 1 3 2 20 

Ellimoottil, et al. (2018) 2 3 1 1 0 2 1 1 3 2 16 

Mansfield, et al. (2018) 3 3 2 3 1 3 2 1 3 3 24 

Osborne, et al. (2018) 2 1 0 2 2 1 1 1 3 2 15 

Sicsic, et al. (2018) 3 3 3 1 1 3 3 1 3 3 24 

Snoswell, et al. (2018) 2 3 3 3 0 2 3 0 3 2 21 

Vass, et al. (2018) 3 3 3 3 2 3 2 3 3 3 28 

Li, et al. (2019) 2 3 3 1 1 2 3 2 3 2 22 

Mandrik, et al. (2019) 2 3 3 3 1 2 3 2 3 2 24 

Miles, et al. (2019) 3 2 2 0 2 3 3 3 3 3 21 

Oberlin, et al. (2019) 2 3 1 1 1 1 2 2 2 2 17 

Ramezani Doroh, et al. (2019) 3 3 0 1 1 1 1 1 3 2 16 

Bilger, et al. (2020) 3 3 2 2 2 3 2 3 3 3 26 

Charvin, et al. (2020) 3 3 3 2 1 3 2 3 3 3 26 

de Bekker-Grob, et al. (2020) 3 3 3 3 1 3 3 3 3 3 28 

Hendrix, et al. (2020) 3 3 3 3 0 2 3 2 3 2 24 

Peters et al, (2020) 3 3 3 2 2 3 3 3 3 3 28 

Raginel et al. (2020) 3 3 2 2 2 3 2 1 3 3 24 

Average score 2.7 2.8 2.4 2.1 2.0 2.4 2.1 1.9 2.8 2.6 23.8 
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Appendix 4.6: Summary data for DCE studies included in the systematic review 

Author 
(date) 

Country Cancer site Intervention(s) 
Population(s) 

 (response rate) 
Method of administration 

Attribute Selection 
process 

Choice tasks  

Ryan and 
Wordsworth 
(2000) 

UK Cervical 
Multiple- Pap smear, 
Liquid-based cytology 

641 general public- women 
mixed screening experience, 

18-65yrs (32%) 

Self-completed postal 
questionnaire 

Policy questions 
Per respondent: 6 or 7 

Experimental design: 25 
Blocks: 4 

Salkeld, et al. 
(2000) 

Australia Colorectal Single-FOBT 
336 patients- previously 
screened, >50yrs (56%) 

Self-completed postal 
questionnaire 

Focus groups with 
previously screened 

individuals 

Per respondent: 16 
Experimental design: 16 

Blocks: 1 

Gerard, et al. 
(2003) 

Australia Breast 
Single- Standard breast 
screening, rescreening 

rates 
87 patients (48%) 

Self-completed postal 
questionnaire 

Literature review 
Per respondent: 16 

Experimental design: 32 
Blocks: 2 

Salkeld, et al. 
(2003) 

Australia Colorectal Single-FOBT 
301 general public- mixed 

experience of screening, 50-
70yrs (73%) 

Face-to-face interviews 
Focus groups and 
ratings survey with 

general public 

Per respondent: 18 
Experimental design: 16 

Blocks: 2 

Arana, et al. 
(2006) 

Spain Cervical 
Single- standard cervical 

screening 

480 general public- Female 
students, mixed screening 

experience (NS), 467 HCPs 
(NS) 

Face-to-face interviews with 
self-completed 
questionnaire 

Trial data and focus 
groups  

Per respondent: 8 
Experimental design: 16 

Blocks: 2 

Berchi, et al. 
(2006) 

France Colorectal Single-FOBT 294 HCPs (42.6%) 
Self-completed postal 

questionnaire 
Literature review, 

interviews with experts 

Per respondent: 3 
Experimental design: 9 

Blocks: 3 

Marshall, et al. 
(2007) 

Canada Colorectal 

Multiple- Colonoscopy, 
FOBT, CT colonoscopy, 
Sigmoidoscopy,  barium 

enema 

547 general public- mixed 
experience of screening, 40-

60yrs (52%) 

Self-completed postal 
questionnaire 

Literature review, 
expert opinion, focus 

groups 

Per respondent: 12 
Experimental design: 40 

Blocks: 4 
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Author 
(date) 

Country Cancer site Intervention(s) 
Population(s) 

 (response rate) 
Method of administration 

Attribute Selection 
process 

Choice tasks  

Fiebig, et al. 
(2009) 

Australia Cervical 

Multiple-Pap smear, 
Liquid-based cytology, 

HPV testing, Automated 
screening 

167 general public- women, 
mixed screening experience, 

18-69yrs (NS),  
215 HCPs (NS) 

Self-completed postal 
questionnaire 

Literature review, 
current policy 

Per respondent: 32 
Experimental design: 512 

Blocks: 16 

Howard and 
Salkeld (2009) 

Australia Colorectal Single-FOBT 
1157 patients-previously 

screened (60%) 
Self-completed postal 

questionnaire 
Literature review 

Per respondent: 18 
Experimental design: 256 

Blocks: 16 

Marshall, et al. 
(2009) 

USA/Can
ada 

Colorectal 
Multiple-CT, Barium 

enema, Colonography, 
FOBT 

1599 general public- mixed 
screening experience, 47-70yrs 

(NS), 
100 HCPs (NS) 

Self-completed online 
questionnaire 

Literature review, focus 
groups with patients, 
previous DCE, expert 

opinion  

Per respondent: 12 
Experimental design: 33 

Blocks: 3 

Hol, et al. (2010) 
Netherlan

ds 
Colorectal 

Multiple- FOBT, 
Sigmoidoscopy, 

Colonoscopy 

489 screening-naïve individuals 
(33%), 

549 previously screening 
individuals, 50-75yrs (32%) 

Self-completed postal 
questionnaire 

Literature review, 
expert opinion, 

interviews with patients 
due to be screened 

 
Per respondent: 12 

Experimental design: 84 
Blocks: 7 

Nayaradou, et 
al. (2010)  

France Colorectal 
Multiple-FOBT, Blood 

sample 

656 general public- mixed 
screening experience, 50-74yrs 

(33%) 

Self-completed postal 
questionnaire 

Literature review, 
interviews with experts 

Per respondent: 3-4 
Experimental design: 14 

Blocks: 4 

van Dam, et al. 
(2010) 

Netherlan
ds 

Colorectal 
Multiple- FOBT, FIT, 

Sigmoidoscopy 

156 Screening naïve individuals 
(31%) 

124 Screening participants 
(59%), 50-75yrs 

Self-completed postal 
questionnaire 

Literature review, 
expert opinion, 

interviews with target 
populations 

 
Per respondent: 16 

Experimental design: 16 
Blocks: 1 

Howard, et al. 
(2011) 

Australia Colorectal 
Multiple- CT colonoscopy, 

Colonoscopy 
130 patients with experience of 

both tests (84.4%) 

Self-completed postal 
questionnaire or telephone 

interview with nurse 

Literature review, 
interviews with 

patients, ranking 
exercise with patients 

and doctors 

Per respondent: 33 
Experimental design: 32 

Blocks: 1 

Pignone, et al. 
(2012) 

USA Colorectal 

Multiple- FOBT, 
Sigmoidoscopy, 

Colonoscopy, CT 
colonography 

50 general public- mixed 
screening experience, 48-75yrs 

(47%) 

Self-completed postal 
questionnaire 

Literature review and 
previous work by 

authors 

 
Per respondent: 16 

Experimental design: 15 
Blocks:1 

Boone, et al. 
(2013) 

UK Colorectal Single- CT colonography 

75 general public-mixed 
screening experience, >55yrs 

(67%) 
50 HCPs (81%) 

Face-to-face interviews 
(Patients), self-completed 

online questionnaire (HCPs) 
None 

 
Per respondent: 10 

Experimental design: 10 
Blocks: 1 
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Author 
(date) 

Country Cancer site Intervention(s) 
Population(s) 

 (response rate) 
Method of administration 

Attribute Selection 
process 

Choice tasks  

de Bekker-Grob, 
et al. (2013) 

Netherlan
ds 

Prostate Single- PSA screening 
459 general public- males, 

mixed screening experience, 
55-75yrs (46%) 

Self-completed postal 
questionnaire 

Literature review, 
interviews with experts 
and eligible screening 

candidates 

 
Per respondent: 16 

Experimental design: 32 
Blocks: 2 

Johar, et al. 
(2013) 

Australia Cervical 
Multiple- standard test, 

liquid based test 
295 previously screened 
women, 18-69yrs (NS) 

Self-completed postal 
questionnaire 

Previous DCE 

 
Per respondent: 32 

Experimental design: 512 
Blocks: 16 

Pignone, et al. 
(2013) 

USA and 
Australia 

Prostate Single- PSA screening 
302 general public- males, 

mixed screening experience, 
50-70yrs (85%) 

Self-completed online 
questionnaire 

Literature review, 
previous work by  

group 

 
Per respondent: 16 

Experimental design: 16 
Blocks: 1 

Benning, et al. 
(2014a) 

Netherlan
ds 

Colorectal Multiple- Blood test, FOBT 
1571 general public- mixed 

screening experience, 55-75yrs 
(60.8%) 

Self-completed online 
questionnaire 

Literature review 
Per respondent: 13 

Experimental design: NS 
Blocks: 6 

Benning, et al. 
(2014b) 

Netherlan
ds 

Colorectal Multiple- Blood test, FOBT 
631general public-mixed 

screening experience, 55-77yrs 
(56.5%) 

Self-completed online 
questionnaire 

Literature review 
Per respondent: 13 

Experimental design: NS 
Blocks: 3 

Brenner, et al. 
(2014) 

USA and 
Australia 

Colorectal 

Multiple- FOBT, 
Sigmoidoscopy, 

Colonoscopy, CT 
colonography 

306 general public- mixed 
screening experience, 50-75yrs 

(86.3%) 

Self-completed online 
questionnaire 

Literature review, 
previous work by 

authors 

Per respondent: 16 
Experimental design: 16 

Blocks: 1 

Ghanouni, et al. 
(2014) 

UK Colorectal Single- CT colonography 
607 general public- mixed 

screening experience, 45-54yrs 
(77%) 

Self-completed online 
questionnaire 

None- chosen based 
on research question 

 
Per respondent: 3-4 

Experimental design: 18 
Blocks: 6 

Groothuis-
Oudshoorn, et 
al. (2014) 

UK and 
Netherlan

ds 
Colorectal 

Multiple- Nanopill, FOBT, 
sigmoidoscopy 

1356 general public- mixed 
screening experience, 50-74yrs 

(61%) 

Self-completed online 
questionnaire 

Literature review 

Per respondent: 14 
Experimental design: 

13,986 
Blocks:999 
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Author 
(date) 

Country Cancer site Intervention(s) 
Population(s) 

 (response rate) 
Method of administration 

Attribute Selection 
process 

Choice tasks  

Pignone, et al. 
(2014) 

USA Colorectal 

Multiple- FOBT, 
Sigmoidoscopy, 

Colonoscopy, CT 
colonography 

150 general public- mixed 
screening experience, 50-75yrs 

(85.7%) 

Paper questionnaire 
completed in-person during 

focus-group session 

Literature review, 
expert opinion 

 
Per respondent: 16 

Experimental design: 16 
Blocks: 1 

Plumb, et al. 
(2014) 

UK Colorectal Single- CT colonography 
52 general public- mixed 

screening experience, 55-69yrs 
(24.8%), 50 HCPs (52.1%) 

Face-to-face interviews for 
patients, interviews or 
online self-completed 
questionnaire- HCPs 

None- chosen based 
on research question 

 
Per respondent: 23 

Experimental design: 23 
Blocks: 1 

Chamot, et al. 
(2015) 

Zambia Cervical 

Multiple- Visual inspection, 
urine sample, swab by 

woman, swab by 
professional 

208 patients- women, recently 
screened (87.4%) 

Face-to-face computer-
aided interviews  

Literature review, focus 
groups with women 

and screening 
personnel, expert 

opinion 

 
Per respondent: 10 

Experimental design: 512 
Blocks: Random draws 

Howard, et al. 
(2015) 

Australia Prostate Single- PSA screening 
602 general public- males, 

mixed screening experience, 
40-69yrs (83.4%) 

Self-completed online 
questionnaire 

Literature review, 
expert opinion, 

interviews with men 

 
Per respondent: 15 

Experimental design: NS 
Blocks: NS 

Kistler, et al. 
(2015) 

USA Colorectal 

Multiple- FOBT, 
Sigmoidoscopy, 

Colonoscopy, CT 
colonography 

116 general public- mixed 
experience 70-90yrs (55.2%) 

Face-to-face computer-
aided interviews  

Literature review, 
interviews with target 

population 

 
Per respondent: 10 

Experimental design: NS 
Blocks: 15 

Kitchener, et al. 
(2016) 

UK Cervical 
Multiple- Self-sampling 

kits, Nurse-led screening, 
timed appointment 

222 general public- screening 
naïve women (5.5%) 

Self-completed 
questionnaire- online or 

paper 

 Interviews with women 
from general public, 

literature review, 
assumptions of authors 

Per respondent: 12 
Experimental design: 12 

Blocks: 1 

Martens, et al. 
(2016) 

USA Colorectal 

Multiple- FOBT, 
Sigmoidoscopy, 

Colonoscopy, CT 
colonography 

38 general public- mixed 
screening experience, Spanish 

speaking, 50-75yrs (NS) 

Paper questionnaire 
completed in-person during 

focus-group session 

Literature review, 
expert opinion 

Per respondent: 16 
Experimental design: 16 

Blocks:1 



 
 
 

426 
 

Author 
(date) 

Country Cancer site Intervention(s) 
Population(s) 

 (response rate) 
Method of administration 

Attribute Selection 
process 

Choice tasks  

Sicsic, et al. 
(2016) 

France 
Colorectal, 

Breast, 
Cervical 

Single- FOBT 

HCPs- Total- 333 GPs 
Colorectal- 114 (85%) 

Breast- 108 (80%) 
Cervical- 111 (83%) 

Self-completed online 
questionnaire 

Literature review, 
interviews with target 

populations 

Per respondent: 12 
Experimental design: 12 

Blocks: 1 

Spinks, et al. 
(2016) 

Australia Melanoma 

Multiple- Teledermoscopy, 
self-examination, 
Examination by 

professional 

35 patients- previously 
screened, high risk, 50-64yrs 

(70%) 

Self-completed 
questionnaire- online or 

paper 

Literature review, 
previous surveys with 

target population 

Per respondent: 12 
Experimental design: NS 

Blocks: NS 

Kohler, et al. 
(2017) 

Malawi Breast 
Multiple- Self-examination, 

clinical breast exam 

213 general public- women, 
mixed knowledge of screening 

and breast cancer (NS) 

Face-to-face tablet-based 
interviews  

Literature review, 
interviews with local 

women 

Per respondent: 9 
Experimental design: NS 

Blocks: NS 

Papin-Lefebvre, 
et al. (2017) 

France Colorectal Single- FOBT 326 GPs (17%) 
Self-completed postal 

questionnaire 
Existing literature 

Per respondent: 5-6 

Experimental design: 12 
Blocks: 2 

Ellimoottil, et al. 
(2018) 

USA Prostate 

Multiple- MRI transrectal 
ultrasound guided prostate 

biopsy, Transrectal 
ultrasound-guided 

prostate biopsy 

146 patients- males from an 
outpatient urology clinic, 55-

70yrs (NS) 

Self-completed 
questionnaire completed on 

tablet 

Literature review, 
interviews and ranking 
exercise with patients 

Per respondent: NS 

Experimental design: NS 
Blocks: NS 

Mansfield, et al. 
(2018) 

USA Colorectal 
Multiple- FOBT, 
Sigmoidoscopy, 

Colonoscopy, FIT 

2067 General public- mixed 
experience, 50-75yrs (64%) 

Self-completed online 
questionnaire 

Literature review, 
ranking exercise with 

experts 

Per respondent: 5 
Experimental design: NS 

Blocks: 16 

Osborne, et al. 
(2018) 

France Breast Single- Mammogram 
812 general public- women, 
mixed screening experience, 

40-74yrs (74%) 

Self-completed online 
questionnaire 

Literature review, focus 
groups and interviews 

with women 

Per respondent: 8 
Experimental design: 16 

Blocks: 2 

Sicsic, et al. 
(2018) 

UK Breast Single- Mammogram 
1018 general public- women, 
mixed screening experience, 

18-70yrs (9%) 

Self-completed online 
questionnaire 

Literature review, 
expert opinion, 

interviews with general 
public and patient 

representative 

 
Per respondent: 11 

Experimental design: 44 
Blocks: 4 
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Author 
(date) 

Country Cancer site Intervention(s) 
Population(s) 

 (response rate) 
Method of administration 

Attribute Selection 
process 

Choice tasks  

Snoswell, et al. 
(2018) 

Australia Skin 

Multiple- Teledermoscopy, 
self-examination, 
examination by 

professional 

113 patients with experience of 
tests (trial participants) (~50%) 

Self-completed online 
questionnaire 

Previous DCE, trial 
data 

 
Per respondent: 12 

Experimental design: 24 
Blocks: 2 

Vass, et al. 
(2018) 

Australia  Colorectal 
Multiple- FOBT, FIT, 

Blood, Saliva 
1282 general public- mixed 

experience 50-74yrs (42.7%)  
Self-completed online/ 
postal questionnaire  

Unclear- ranking 
exercise 

Per respondent: 9 
Experimental design: 27 

Blocks: 3 

Li, et al. (2019) 
South 
Africa 

Cervical 
Single- HPV-based 

screening 
298 patients- women attending 

clinic, 18yrs+ (NS) 
In person-computer 

assisted  
Qualitative work with 
women visiting clinic 

Per respondent: 10 
Experimental design: NS 
Blocks: Random draws 

Mandrik, et al. 
(2019) 

China Cervical Single- existing test 
405 general public- women, 
mixed screening experience, 

30-65yrs (NS) 
Face-to-face interviews 

Literature review, 
interviews with women, 

expert opinion 

Per respondent: 10 
Experimental design: 27 

Blocks: 3 

Miles, et al. 
(2019) 

UK 
Lung, 

colorectal 

Multiple- Whole-body MRI, 
conventional staging (e.g. 
combined CT, ultrasound, 

PET) 

 132 Patients- lung/colorectal 
cancer as part of trial 

(experience of WB-MRI and 
conventional staging methods) 

(52%) 

Self-completed postal 
questionnaire 

Clinical trial 
Per respondent: 9 

Experimental design: 18 
Blocks: 2 

Oberlin, et al. 
(2019) 

Belarus Breast 

Multiple- mammogram, 
physical examination only, 

mammogram plus 
physical examination 

428 general public- women, 
mixed screening experience, 

50-69yrs (89%) 
Face-to-face interviews 

Literature review, 
interviews with women 

and HCPs 

Per respondent: 18 
Experimental design: 72 

Blocks: 4 

Ramezani 
Doroh, et al. 
(2019) 

Iran Colorectal 

Multiple- FOBT, FIT, Fecal 
DNA test, Sigmoidoscopy, 

Colonoscopy, Barium 
Enema 

500 patients referred to 
teaching hospital (reason for 

referral unspecified), 50-75yrs 
(NS) 

Not specified 
Literature review, 

expert opinion 

Per respondent: 7 or 8 
Experimental design: 36 

Blocks: 5 

Bilger, et al. 
(2020) 

Singapore 
Breast, 
Cervical 

Single-mammogram/pap 
smear 

Breast- 400 general public-
women, mixed screening 

experience, 40-65yrs (NS) 

Cervical- 401 general public 
women, mixed screening 

experience, 25-65yrs (NS) 

Face-to-face interview using 
iPad 

Literature review, focus 
groups and interviews 

with women 

Per respondent-10 
Experimental design- 72 

Blocks-9 
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Author 
(date) 

Country Cancer site Intervention(s) 
Population(s) 

 (response rate) 
Method of administration 

Attribute Selection 
process 

Choice tasks  

Charvin, et al. 
(2020) 

France Prostate 
Single- PSA with digital 

rectal exam 1023 general public men, 50-
75yrs (NS) 

Self-completed online 
questionnaire 

Literature review, 
expert opinion 

Per respondent-7 
Experimental design- 7 
Blocks: 2 (experimental 

arms only) 

de Bekker-Grob, 
et al. (2020) 

Netherlan
ds 

Colorectal Single-FIT 406 general public, mixed 
screening experience. 50-75yrs 

(NS) 

Self-completed online 
questionnaire 

Literature review, 
expert opinion, focus 

groups/group 
interviews with men 

Per respondent-16 
Experimental design- NS 

Blocks-10 

Hendrix, et al. 
(2020) 

USA Breast 
Single- AI-enhanced 

mammogram 91 HCPs-primary care providers 
(6%) 

Self-completed online 
questionnaire 

Literature review, 
interviews with HCPs 

Per respondent-15 
Experimental design-15 

Blocks-1 

Peters et al, 
(2020) 

Netherlan
ds 

Oesophagus 

Multiple- upper 
endoscopy, transnasal 

endoscopy, pill on a string, 
breath test, blood test 

554 general public, 50-74yrs 
(36.9%) 

Self-completed postal 
questionnaire 

Literature review, 
expert opinion, focus 

groups with public 

Per respondent:15 
Experimental design: 130 

Blocks:10 

Raginel et al. 
(2020) 

France Cervical 
Multiple- pap smear, self-

administered swab 
123 HCPs- GPs and 

Gynaecologists (15.6% postal, 
2.8% email) 

Self-completed online or 
postal questionnaire 

Literature review, 
stakeholder interviews 

Per respondent: 11 
Experimental design: 11 

Blocks: 1 
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Appendix 5.1: Attribute analysis of diagnostic DCEs identified during attribute identification stage (n=50) 
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Antenatal testing 

Barrett et al, 2017 4 ⚫  ⚫     ⚫           ⚫          

Beulen et al, 2015 7 ⚫   ⚫ ⚫   ⚫           ⚫    ⚫ ⚫     

Bishop et al, 2004 3    ⚫    ⚫   ⚫                  

Carroll et al, 2013 4    ⚫               ⚫    ⚫ ⚫     

Chan et al, 2009 3 ⚫                      ⚫ ⚫     

Hill et al, 2012 4 ⚫  ⚫     ⚫           ⚫          

Hill et al, 2014 3   ⚫     ⚫           ⚫          

Hill et al, 2016 4 ⚫  ⚫     ⚫           ⚫          

Hill et al, 2017 3   ⚫     ⚫                     

Lewis et al, 2006a 3    ⚫    ⚫           ⚫          

Lewis et al, 2006b 3    ⚫    ⚫           ⚫          

Lund et al, 2018 4 ⚫  ⚫     ⚫           ⚫          

Miller et al, 2015 5 ⚫   ⚫               ⚫      ⚫   ⚫ 

Ryan et al, 2005 3 ⚫                      ⚫ ⚫     

Wright et al, 2017 4            ⚫            ⚫     

Wright et al, 2018 4            ⚫            ⚫     

Genetic testing 

Blumenschein et al 2016 5 ⚫   ⚫                    ⚫ ⚫  ⚫  

Buchanan et al, 2016 6   ⚫ ⚫                ⚫   ⚫ ⚫     

Davidson et al, 2019 5  ⚫                      ⚫     

Hall et al, 2006 
1
2 

   ⚫      
 

   ⚫          
⚫

⚫  
⚫

⚫  




⚫ 

Kilambi et al, 2015 4    ⚫             ⚫       ⚫  ⚫   

Knight et al, 2014 4    ⚫             ⚫       ⚫  ⚫   

Marshall et al, 2019 6    ⚫                   ⚫ ⚫ 
⚫

⚫    

Najafzadeh et al, 2013 7        
⚫

 
 

 
             ⚫     

Payne et al, 2011 5   ⚫             ⚫    ⚫   ⚫      

Peyron et al, 2018 5            ⚫                 

Plothner et al, 2018 5                             

Regier et al, 2009 3    ⚫                   ⚫ ⚫     

Severin et al, 2013 6                         ⚫ ⚫ ⚫ ⚫ 

Severin et al, 2015 5                             

Veldwijk et al, 2016 4                           ⚫  

Weymann et al, 2018 4    ⚫                   ⚫ ⚫     

Sexual health testing 

D’Elbée et al, 2018 4                      ⚫  ⚫     

Eaton et al, 2019 6    ⚫                ⚫   ⚫      

Indravuldh et al, 2017 10                


     


   ⚫     

Johnson et al, 2010 6                             

Llewellyn et al, 2013 6 ⚫              ⚫   ⚫  ⚫   ⚫      

Miners et al, 2012 6 ⚫              ⚫   ⚫  ⚫  ⚫ ⚫      

Ostermann et al, 2015 7          
 

          


 
       

Pan et al, 2019 7  ⚫        
⚫ 

   ⚫   
⚫

⚫ 
  ⚫    ⚫     

Phillips et al, 2002 6  ⚫     
⚫

c 
  

 
      

⚫

c 
      ⚫     

Strauss et al, 2018a 7                             

Strauss et al, 2018b 6                ⚫             

Wijnen et al, 2019 5         ⚫ ⚫                   

Zanolini et al, 2018 4                        ⚫     

Other 

Bryan et al, 1998 4             ⚫            ⚫   ⚫ 

Muhlbacher et al,2016 3  ⚫   ⚫                   ⚫     

Radley et al, 2015 5              
⚫

⚫       ⚫  
⚫ ⚫     

Whitty et al, 2015 5  ⚫      
⚫

c 
 

 
  ⚫         ⚫ ⚫      

Wijnen et al, 2014 6  
⚫

⚫         
⚫  

⚫

⚫ ⚫               

Significance of attributes: ⚫= significant at 95% confidence level, = not significant at 95% confidence level, = mixed evidence or unclear 

Type of attributes: ⚫ contains risk information, ⚫ contains time information, ⚫contains risk and time information, ⚫contains no risk or time information 
* Some attributes spanned multiple categories 
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Appendix 5.2: Best-worst scaling questionnaire 
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Appendix 5.3: Sociodemographic and health-related characteristics of respondents 
from the BWS study 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Characteristic n (%) 

Age, mean (SD) 51.4 (9.1) 

Ethnicity 
White 120 (80.0) 
Asian 8 (5.3) 
Black 3 (2.0) 
Mixed 3 (2.0) 
Other 9 (6.0) 
Not reported 7 (4.7) 

Children, mean (SD) 1.3 (1.3) 

Relationship status 
Married  75 (50.0) 
In a relationship  22 (14.6) 
Single  19 (12.7) 
Divorced/separated  26 (17.3) 
Widowed  6 (4.0) 
Not reported 2 (1.3) 

Education 
No qualifications  1 (0.7) 
GCSE  37 (24.7) 
A-Level/ College 25 (16.7) 
Undergraduate  41 (27.3) 
Post-graduate  35 (23.3) 
Other  9 (6.0) 
Not reported 2 (1.3) 

Employment 
Employed, full-time  47 (31.1) 
Part-time  32 (21.2) 
Self-employed  23 (15.2) 
Not employed  11 (7.2) 
Retired 14 (9.3) 
Other  18 (12.0) 
Not reported 5 (3.3) 
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Descriptive characteristics- health-related   

Characteristic n (%) 

Self-reported overall health  
Very good 18 (12.0) 
Good  61 (40.7) 
Fair 47 (31.3) 
Poor  14 (9.3) 
Very poor  4 (2.7) 
Not reported 6 (4.0) 

Perceived risk of ovarian cancer 
Very low  12 (8.0) 
Low  33 (22.0) 
Average  83 (55.3) 
High 12 (8.0) 
Very high  4 (2.7) 
Not reported 6 (4.0) 

Ovarian cancer-related worry 
A great deal  4 (2.7) 
A lot  25 (16.7) 
A moderate amount 43 (28.7) 
A little 47 (31.3) 
Not at all 26 (17.3) 
Not reported 5 (3.3) 

Personal history of cancer 17 (13.3) 
Knew someone who was diagnosed with ovarian 
cancer 

25 (16.7) 

Previously tested for ovarian cancer 40 (26.7) 
Previously undergone a TVUS (any reason) 50 (33.3) 
Cervical screening 

Always attends/ attended 75 (50.0) 
Irregularly attends/attended 37 (24.7) 
Never attended/stopped attending 37 (24.7) 
Unknown 1 (0.7) 

How much confidence and trust in GPs 
A great deal/a lot  59 (39.4) 
A moderate amount 53 (35.3) 
A little  25 (16.7) 
None at all  2 (1.3) 
Unknown 11 (7.3) 

How much do you feel able to be involved in medical decisions 
A great deal  12 (8.0) 
A lot  22 (14.7) 
A moderate amount  58 (38.7) 
A little 34 (22.7) 
Not at all 17 (11.3) 
Unknown 7 (4.7) 

How much do you wish to be involved in medical decisions 
A great deal 60 (40.0) 
A lot 67 (44.7) 
A moderate amount 19 (12.7) 
A little 3 (2.0) 
Not at all 1 (0.7) 

Task difficulty 
Very east/easy 63 (42.0) 
Neither easy or difficult 30 (20.0) 
Very difficult/difficult 54 (38.0) 
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Appendix 5.4: Frequency of individual attribute scores for each attribute during BWS
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Appendix 5.5: Results of logit model 

The importance of each attribute was estimated relative to “time away from usual 

activities”, which ranked lowest during the counting analysis. All attributes had positive 

coefficient estimates and most were statistically significant at the 95% level, confirming 

the relative importance of all attributes compared to “time away from usual activities”. 

Non-significant attributes were those with the lowest importance, confirming the 

clustering effect at the bottom of the latent importance scale observed during counting 

analysis. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attributes 
Conditional logit 

Ranking 
Coefficient  SE 

Sensitivity 1.44*** 0.096 2 

Chance of dying from ovarian cancer 1.63*** 0.103 1 

Choice of appointment time 0.08 0.085 23 

Who explains the results 0.18* 0.087 20 

Pain and discomfort 1.07*** 0.084 4 

Notification of negative test results 0.72*** 0.078 11 

Chance of diagnosing another 
condition 

1.16*** 
0.088 

3 

Pre-test support 0.53*** 0.078 15 

Test-procedure 0.79*** 0.081 9 

Staff attitude 0.60*** 0.077 14 

Post-test support 0.70*** 0.076 13 

Time away from usual activities Ref Ref 25 

Specificity 0.95*** 0.085 5 

Travel time 0.11  0.081 21 

Time to notification of test results 0.87*** 0.082 8 

Openness of healthcare providers 0.72*** 0.78 10 

Number of follow up tests 0.71*** 0.078 12 

Chance of an inconclusive result 0.92*** 0.077 6 

Out-of-pocket costs 0.41*** 0.083 18 

Gender of healthcare provider 0.001 0.091 24 

How test results are returned 0.11 0.082 22 

Test location 0.25*** 0.083 19 

Test duration 0.44*** 0.077 17 

Information included with the invitation 0.51*** 0.081 16 

Waiting time for the test 0.91*** 0.084 6 
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Appendix 5.6: Comparison of the conditional logit coefficients and counting scores 
during BWS 
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Appendix 5. 7: Results from the Health Risk Attitude Scale during the BWS study 

Responses were analysed based on a previous study (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4933649/pdf/cmajo.20150071.pdf). 
Each response item was based on a Likert scale from 1-10. Higher scores indicated higher risk aversion. Scores from each question were summed to give a 
final risk attribute classification. A total score of <52 indicated risk seeking behaviour and score >52 indicated reek-aversion.  
*= reverse scored items 

Question 
Mean score 
(SD) 

Risk averse Neutral Risk seeking 

1. I think I take good care of my body.* 4.85 (1.4) 101 (68.7%) 19 (12.9%) 27 (18.4%) 

2. 
I don’t want to have to consider the consequences for my health in everything 
that I do 

3.5 (1.6) 37 (25.2%) 25 (17.0%) 85 (57.8%) 

3. 
It is important to me that I organize my life so that I will later enjoy good 
health.* 

5.32 (1.3) 111 (75.5%) 24 (16.5%) 12 (8.2%) 

4. If it concerns my health, then I see myself as someone who avoids risks.* 4.84 (1.4) 89 (60.5%) 33 (22.4%) 25 (17.0%) 

5. 
Uncertainty about the consequences of a medical intervention is, in general, 
part of the game. 

3.52 (1.3) 30 (20.4%) 41 (27.9%) 76 (51.7%) 

6. My health means everything to me.* 5.54 (1.4) 111 (75.5%) 21 (14.3%) 15 (10.2%) 

7. 
When I look back at my past, I think that, in general, I did take risks with my 
health. 

3.22 (1.8) 40 (27.2%) 14 (9.5%) 93 (63.3%) 

8. 
If the doctor cannot offer me certainty about the possible consequences of a 
medical intervention, then I would rather not undergo it.* 

4.34 (1.6) 67 (45.6%) 33 (22.4%) 47 (32%) 

9. Safety first, where my health is concerned.* 5.54 (1.2) 116 (78.9%) 24 (16.3%) 7 (4.8%) 

10. To enjoy good health now and in the future, I am prepared to forego a lot.* 4.8 (1.4) 89 (60.5%) 30 (20.4%) 28 (19.0%) 

11. People say that I take risks with my health because of my habits. 4.82 (1.9) 87 (59.2%) 18 (12.2%) 42 (28.6%) 

12. I’m not very fussy about my health. 4.85 (1.5) 86 (58.5%) 35 (23.8%) 26 (17.7%) 

13. 
In general I would estimate that I would not have much of a problem with 
undergoing a high risk operation. 

4.13 (1.8) 54 (36.7%) 36 (24.5%) 57 (38.8%) 

Total 59.4 (9.4) 115 (78.2%) 4 (2.7%) 28 19.0%) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4933649/pdf/cmajo.20150071.pdf
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 Appendix 5.8: Conceptboard template used in workshops  
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Appendix 9: Questionnaire distributed to workshop participants 

 

 

 
Importance of features of ovarian cancer tests- survey 

 
You have been invited to take part in this survey because you participated in a 
workshop on medical testing and indicated you would be willing to consider 
taking part in future related research. 
The workshops focused on medical testing in general but we would not like to 
focus more on ovarian cancer. 
The questionnaire should take no more than 30 minutes to complete including 
some background reading about ovarian cancer. 
If you are happy to take part in this questionnaire, please return your response to 
Rebekah Hall (rh591@exeter.ac.uk) by DATE. 

 

Instructions 
To begin with we would like to provide you with some more information about 
ovarian cancer testing to help you complete the questionnaire.  
 
 
 
 

 
 
 
 
 

Before beginning the questionnaire, please read  the information below.  
 
PREZI EMBEDDED HERE 
 
Once you have read the information, please continue to the questionnaire on the 
next page. 

mailto:rh591@exeter.ac.uk
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Task 1: 
The table below shows a list of characteristics relating to medical testing that were identified as important to women during a series of workshops, 
including the one you participated in.  
We would like to know how important each of the characteristics is to you in the context of ovarian cancer. The characteristics vary between the different 
tests and these differences are shown in the second column of the table.  

Please indicate how important you consider each characteristic after considering the possible differences between the tests.  A score 1 indicates the characteristic is 
not very important and 5 indicates the characteristic is very important to you.   
If you do not understand the wording or definition of a characteristic, please indicate this by checking the box under that heading. 
Please note: A number of additional important issues were raised during the workshops. Factors relating to follow up care and treatment were particularly 
common, however, we have not included them here since they are unlikely to differ between the different tests. 

Characteristic of tests Differences between the tests 

I do not 
understand 

this 
characteristic 

Not 
important  
at all 

                      Very      
important 

1 2 3 4 5 

If 100 people with ovarian cancer had this test, the test 
would: 

A: correctly identify 75 people with cancer but miss 25 
cases 

B: correctly identify 85 people with cancer but miss 15 
cases 

C: correctly identify 95 people with cancer but miss 5 
cases 

☐ ☐ ☐ ☐ ☐ ☐ 

If 100 without ovarian cancer had this test, the test would: 

A: correctly identify 75 people without cancer but 25 
people would have unnecessary further tests 

B:  correctly identify 85 people without cancer but 15 
people would have unnecessary further tests 

C:  correctly identify 95 people without cancer but 5 
people would have unnecessary further tests 

☐ ☐ ☐ ☐ ☐ ☐ 

How established is the test? 
Definition: How long has the test been used for diagnosing 
ovarian cancer 

A: Less than 5 years 
B: Less than 10 years 
C: More than 10 years 

☐ ☐ ☐ ☐ ☐ ☐ 

Notification of negative results 
Definition: Are you contacted and told your results even if 
the test suggests you do not have cancer? 

A: Yes 
B:  No 

☐ ☐ ☐ ☐ ☐ ☐ 

 
Communication skills of the health care providers 
Definition: Ability of staff to listen and explain things clearly 
throughout the testing process 

A: Good 
B: Fair 
C: Poor 

☐ ☐ ☐ ☐ ☐ ☐ 
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If the test is positive, are any follow up tests before 
seeing a specialist? 
Definition:  Do you need any more tests from your GP 
before seeing a specialist for a final diagnosis? 

A: Yes 
B:  No 

☐ ☐ ☐ ☐ ☐ ☐ 

Pain and discomfort during the test 
A: None 
B: Mild 

C: Moderate 
☐ ☐ ☐ ☐ ☐ ☐ 

Waiting time for the test 
Definition:  The time between your GP recommending the 
test and having the test 

A: 1 week 
B: 4 weeks 
C: 6 weeks 

☐ ☐ ☐ ☐ ☐ ☐ 

What conditions can the test identify? 
Definition: Most women will not have ovarian cancer but the 
test may be able to identify other conditions. Some 
conditions may be the cause of the symptoms but other 
conditions might be completely unrelated (not caused by 
the symptoms that you went to the GP about) 

A: Ovarian cancer only 
B: Ovarian cancer plus alternative conditions that 

caused similar symptoms (e.g. ovarian cysts) 
C: Ovarian cancer plus other unrelated conditions 

☐ ☐ ☐ ☐ ☐ ☐ 

Is the test invasive? 
Definition:  Does the test require cutting the skin or inserting 
instruments into the body 

A: Yes 
B:  No 

☐ ☐ ☐ ☐ ☐ ☐ 

What does the test entail? 
Definition: The process of having the test 

A: Blood test 
B: Internal ultrasound 

C: Blood test plus internal ultrasound 
☐ ☐ ☐ ☐ ☐ ☐ 

Post-test support 
Definition: the type of support available after having the test 

A: None 
B: Leaflets and written information 

C: Follow up with nurse 
☐ ☐ ☐ ☐ ☐ ☐ 

Chance of an inconclusive result 
Definition: The probability the result of the test is unclear or 
borderline and you would need to repeat the test 

A: 5 people out of 100 
B: 15 people out of 100 
C: 25 people out of 100 

☐ ☐ ☐ ☐ ☐ ☐ 

Waiting time for results 
Definition: The time between having the test and receiving 
the results 

A: Immediately 
B: 1 week 
C: 2 weeks 

☐ ☐ ☐ ☐ ☐ ☐ 

Improvement to life expectancy 
Definition: Would having the test improve the chance of 
survival due to better treatment options 

A: Yes 
B: No 

☐ ☐ ☐ ☐ ☐ ☐ 
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Task 2:  
In this part of the survey, we would like to understand how acceptable each of the characteristics would 

be to you if they were a feature of test you were recommended by your GP based on symptoms you 
were experiencing.  

Characteristic of tests 

I do not understand 
this characteristic   Highly 

unacceptable 

                                                  
Highly      

acceptable 

1 2 3 4 5 

If 100 people with ovarian cancer had this test, the test 
would:  correctly identify 75 people with cancer but miss 25 
cases 

☐ ☐ ☐ ☐ ☐ ☐ 

If 100 people with ovarian cancer had this test, the test 
would:  correctly identify 85 people with cancer but miss 15 
cases 

☐ ☐ ☐ ☐ ☐ ☐ 

If 100 people with ovarian cancer had this test, the test 
would:  correctly identify 95 people with cancer but miss 5 
cases 

☐ ☐ ☐ ☐ ☐ ☐ 

If 100 without ovarian cancer had this test, the test would:  
correctly identify 75 people without cancer but 25 people 
would have unnecessary further tests 

☐ ☐ ☐ ☐ ☐ ☐ 

If 100 without ovarian cancer had this test, the test would:  
correctly identify 85 people without cancer but 15 people 
would have unnecessary further tests 

☐ ☐ ☐ ☐ ☐ ☐ 

If 100 without ovarian cancer had this test, the test would:  
correctly identify 95 people without cancer but 5 people 
would have unnecessary further tests 

☐ ☐ ☐ ☐ ☐ ☐ 

The test been used to diagnose ovarian cancer for less than 
5 years 

☐ ☐ ☐ ☐ ☐ ☐ 

The test been used to diagnose ovarian cancer for less than 
10 years 

☐ ☐ ☐ ☐ ☐ ☐ 

The test been used to diagnose ovarian cancer for more 
than 10 years 

☐ ☐ ☐ ☐ ☐ ☐ 

You are notified if your test results are negative ☐ ☐ ☐ ☐ ☐ ☐ 

You are not notified if your test results are negative ☐ ☐ ☐ ☐ ☐ ☐ 

Health care providers have good communication skills ☐ ☐ ☐ ☐ ☐ ☐ 

Health care providers have fair communication skills ☐ ☐ ☐ ☐ ☐ ☐ 

Health care providers have poor communication skills ☐ ☐ ☐ ☐ ☐ ☐ 

If the test is positive, you will need follow up tests before 
seeing a specialist 

☐ ☐ ☐ ☐ ☐ ☐ 

If the test is positive, you will not need follow up tests 
before seeing a specialist 

☐ ☐ ☐ ☐ ☐ ☐ 

The test causes no pain or discomfort ☐ ☐ ☐ ☐ ☐ ☐ 

The test causes mild pain or discomfort ☐ ☐ ☐ ☐ ☐ ☐ 

The test causes moderate pain and discomfort ☐ ☐ ☐ ☐ ☐ ☐ 

The waiting time for the test is 1 week ☐ ☐ ☐ ☐ ☐ ☐ 

The waiting time for the test is 4 weeks ☐ ☐ ☐ ☐ ☐ ☐ 
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The waiting time for the test is 6 weeks ☐ ☐ ☐ ☐ ☐ ☐ 

The test can identify ovarian cancer only ☐ ☐ ☐ ☐ ☐ ☐ 
The test can identify ovarian cancer plus alternative 
conditions that caused similar symptoms (e.g. ovarian 
cysts) 

☐ ☐ ☐ ☐ ☐ ☐ 

The test can identify ovarian cancer plus other unrelated 
conditions 

☐ ☐ ☐ ☐ ☐ ☐ 

The test is invasive ☐ ☐ ☐ ☐ ☐ ☐ 

The test is non-invasive ☐ ☐ ☐ ☐ ☐ ☐ 

The test involves a blood test ☐ ☐ ☐ ☐ ☐ ☐ 

The test involves an internal ultrasound ☐ ☐ ☐ ☐ ☐ ☐ 

The test involves a blood test plus an internal ultrasound ☐ ☐ ☐ ☐ ☐ ☐ 

Post-test support is not provided ☐ ☐ ☐ ☐ ☐ ☐ 

Post-test support involves leaflets and written information ☐ ☐ ☐ ☐ ☐ ☐ 

Post-test support involves a follow up with a nurse ☐ ☐ ☐ ☐ ☐ ☐ 

5 people out of 100 receive an inconclusive result ☐ ☐ ☐ ☐ ☐ ☐ 

15 people out of 100 receive an inconclusive result ☐ ☐ ☐ ☐ ☐ ☐ 

25 people out of 100 receive an inconclusive result ☐ ☐ ☐ ☐ ☐ ☐ 

You receive the results immediately ☐ ☐ ☐ ☐ ☐ ☐ 

You receive the results in 1 week ☐ ☐ ☐ ☐ ☐ ☐ 

You receive the results in 2 weeks ☐ ☐ ☐ ☐ ☐ ☐ 

Having the test would improve the chance of survival ☐ ☐ ☐ ☐ ☐ ☐ 

Having the test would not improve the chance of survival ☐ ☐ ☐ ☐ ☐ ☐ 
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Additional comments about the survey: 

 
 

Thank you! 
Please return the completed survey to Rebekah Hall (rh591@exeter.ac.uk) by Date. If you have any additional questions, please feel free to get in touch. 

 
Please contact your GP if you have any concerns about your risk of ovarian cancer. 

For more information about ovarian cancer, we recommend the following charities: 

Target ovarian cancer: https://www.targetovariancancer.org.uk/ 

Ovacome: https://www.ovacome.org.uk/ 

Ovarian cancer action: https://ovarian.org.uk/ 

 
 
 
 
 
 
 
 
 
 
 

mailto:rh591@exeter.ac.uk
https://www.targetovariancancer.org.uk/
https://www.ovacome.org.uk/
https://ovarian.org.uk/
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Appendix 5.10: Pseudo-anonymised results from workshop tasks  

a. Workshop 1 
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b. Workshop 2 
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c. Workshop 3 
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Appendix 5.11: Summary of attributes excluded during the finalisation stage of 
attribute development 

 

Attribute Levels Rankings 
Reason for exclusion 

BWS PPI 

Improvement to 
life expectancy 

Yes, No 1 4 Unlikely to differ between 
tests for symptomatic 
population. Should be 
considered for screening 

Pain and 
discomfort 

None, mild, 
moderate 

4 15 Low importance once levels 
were introduced.  

Specificity 75,85,95% 5 9 Specificity is likely to be very 
high for all tests in 
symptomatic population 
(>90%). More applicable to 
screening. 

Chance of an 
inconclusive 
result 

75,85,95% 7 11 Overlaps with sensitivity and 
specificity.  

What does the 
test entail? 

Blood test, 
internal 
ultrasound, blood 
test + internal 
ultrasound 

9 14 Low importance. Inclusion 
would mean DCE was limited 
to labelled design. 

Is the test 
invasive 

Yes, no - 13 Low importance 

Notification of 
negative result 

Yes, no 11 3 Unlikely to systematically 
differ between tests. Overlap 
with communication skills. 
More applicable to screening 

Number of follow 
up tests (BWS)/ 
Are follow up 
tests needed? 
(PPI) 

Yes, no 12 12 Low importance 

Post-test support None, leaflets, 
HCP 

13 9 Low importance. Tests are 
intermediate so follow up 
care/support is more relevant 
after final diagnosis 

Acceptability to 
GPs 

Widely accepted, 
criticised by 
some 

- 4 Driven by accuracy of the 
test. Previous criticism of 
CA125 unlikely to still be 
present particularly given 
recently published high 
sens/spec 

Length of use <5 years, 5-10 
years, >10 years 

- 16 Low importance 
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Appendix 6.1: Overview of rationality checks used within DCE studies 

 
Monotonicity (or non-satiation) 

During this test, respondents are presented with two test profiles where one of the alternatives 

is irrefutably better than the other (test A in the example below). This is to test the underlying 

assumption of monotonicity (i.e. more/better is always preferable). This test is often presented 

as a warm-up question or pre-requisite for inclusion where failure to choose the more desirable 

option may be interpreted as a failure to understand the task as a whole. 

 
 
 
 
 
 
 

 

 

 

 

 

Test-retest stability 

Rational decision theory suggests choices should be consistent over time . To test the stability 

of choices, an early choice task was repeated later in the questionnaire to check whether the 

respondent will choose the same test. 

Example: 

Respondents complete the same choice sets in question 1 and question 10 

 
 
 
 
 
 
 
 
 
 

Q3 Test A Test B 

Test sensitivity 95% 75% 

Identifiable conditions 
Ovarian cancer plus 
related conditions 

Ovarian cancer only 

Time to completion of testing 2 weeks 8 weeks 

Communication skills of HCP Good Poor 

Which test would you choose? ☐ ☒ 

Q1 Test A Test B 

Test sensitivity 65% 85% 

Identifiable conditions 
Ovarian cancer plus 
unrelated conditions 

Ovarian cancer only 

Time to completion of testing 5 weeks 8 weeks 

Communication skills of HCP Good Fair 

Which test would you choose? ☐ ☒ 
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Transitivity 

Transitivity is one of the axioms of utility theory and is requirement for rational preferences. 

Transitivity means that if Test A is preferred to Test B and Test B is preferred to Test C then 

Test A must be preferred to test C (example below demonstrates a failure of transitivity). 

Transitivity requires two additional choice tasks are completed by respondents. Perhaps for 

this reason, transitivity tends to be less tested than other validity tests within the health care 

literature.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Q10 Test A Test B 

Test sensitivity 65% 85% 

Identifiable conditions 
Ovarian cancer plus 
unrelated conditions 

Ovarian cancer only 

Time to completion of testing 5 weeks 8 weeks 

Communication skills of HCP Good Fair 

Which test would you choose? ☐ ☒ 

Q2 Test A Test B 

Test sensitivity 85% 75% 

Identifiable conditions 
Ovarian cancer plus 
unrelated conditions 

Ovarian cancer plus 
related conditions 

Time to completion of testing 8 weeks 5 weeks 

Communication skills of HCP Poor Good 

Which test would you choose? ☒ ☐ 

Q5 Test C Test B 

Test sensitivity 65% 75% 

Identifiable conditions Ovarian cancer only 
Ovarian cancer plus 
related conditions 

Time to completion of testing 2 weeks 5 weeks 

Communication skills of HCP Fair Good 

Which test would you choose? ☐ ☒ 

Q7 Test A Test C 

Test sensitivity 85% 65% 
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Non-trading – flat-lining 
 
This is a straightforward inspection of responses to check whether any participant has 

repeated chosen a choice task in the same position throughout all question (e.g. selected 

“Test A” for all tasks). The probability that the more preferred alternative will always appear in 

the same position is small enough to suggest that respondents are not fully evaluating the 

profiles being presented. This check reduces the likelihood of low-quality or unconsidered 

responses and is particularly important to ensure the quality of data given the use of an online 

panel for recruitment and administration (Tervonen et al., 2018). No additional choice tasks 

are required to check for flat-lining behaviours. 

 

Caveats of rationality tests 

Decisions of how many and which choice tasks to include is important to consider. The 

inclusion of validity checks often requires the introduction of one or more additional choice 

sets outside of the experimental design. As a result, rationality checks reduce the overall 

efficiency of a DCE and may increase respondent burden and fatigue (Johnson et al., 2019) .  

Rationality questions may also distract or alter respondent behaviour if respondents notice the 

inclusion of such checks and feel they are being “tested” in some way. 

 

Identifiable conditions 
Ovarian cancer plus 
unrelated conditions 

Ovarian cancer only 

Time to completion of testing 8 weeks 2 weeks 

Communication skills of HCP Poor Fair 

Which test would you choose? ☐ ☒ 
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Failure to act rationally according to behavioural theory does not necessarily mean that an 

individual is irrational with their choices. Instead, motivations for responses may not fully 

captured within the confines of data collection. For example, Ryan et al. (2009) found that 

several respondents who appeared to fail the monotonicity had actually inferred additional 

information about the alternatives (e.g. quality of a test based on the cost) and on this basis, 

choices subsequently appeared “rational”.  

 

Just as the interpretation of “irrational” responses is debated, so is how such responses should 

be managed within analysis. Some researchers remove irrational respondents prior to 

analysis. However, excluding people who fail rationality tests even where failures are genuine, 

may introduce bias if there is a systematic reason for failures (e.g.. lower health literacy and 

numeracy skills) (Tervonen et al., 2018) . In such instances, removing “irrational” responders 

may increase the internal validity of the experiment but lower the external validity. Instead, 

many researchers opt to keep the full sample but may choose to perform sensitivity checks to 

understand how model estimates differ between those who “pass” and “fail” rationality check 

questions (Pearce et al., 2020; Ryan & Bate, 2001). 
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Appendix 6.2: Recruitment poster for think-aloud interview pilot study 
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Appendix 6.3: Information sheet for think-aloud interview pilot study 

 

 

 

 
 
 

 
 

INFORMATION SHEET FOR INTERVIEW PARTICIPANTS 
What features of tests for ovarian cancer are most important? 

VERSION NUMBER [3]: DATE [09/10/20] 
 

You are being invited to take part in an interview study that aims to understand how women and 
people with ovaries make decisions about medical testing for ovarian cancer. This study forms 
part of a PhD project funded by Cancer Research UK and conducted at the University of Exeter.  
Before you decide whether to take part in the study it is important that you understand why the 
research is being done and what taking part will involve. Please take time to read the following 
information carefully. Please ask if there is anything that is not clear or if you would like more 
information. 
 
What is the aim of the project? 
Traditionally decisions about when and how to test for cancer have been made by doctors. We 
would like to understand more about the decisions women and people with ovaries might make if 
they were given more of a choice. In particular, we want to learn what characteristics of diagnostic 
testing are most important to women and people with ovaries and how they make choices about 
medical tests.  
 
Why have I been invited to take part? 
We are approaching you because we are seeking responses from people with ovaries over the 
age of 40. You do not need to have any prior knowledge of ovarian cancer or have been 
previously tested for ovarian cancer to take part in the study. You must speak fluent English to 
take part. Please do not take part in this study if you have ever undergone a procedure to 
remove both of your ovaries.  
 
What will I be asked to do? 
Should you agree to take part, you will be invited to complete an online interview. The interview 
should last around 45-60 minutes up to a maximum of 90 minutes. During the interview you will 
complete a survey where you will be asked to imagine you are experiencing symptoms of ovarian 
cancer. You will be shown descriptions of two different imaginary medical tests and asked which 
test you would prefer to have. 
 
What are the possible disadvantages and risks of taking part? 
Participating in the research is not anticipated to cause you any disadvantages or discomfort. 
Some questions may be considered sensitive. You do not have to provide responses to any 
questions you feel uncomfortable answering. During the interview you will be asked to imagine 
you might have cancer, for some this may cause anxiety. Resources for help and information 
relating to ovarian cancer will be provided at the end of the interview.  
 
Will I be paid? 

 
You will also receive a £10 Amazon gift voucher for participating in this research. 

Can I change my mind and withdraw from the study? 
You may withdraw from the study at any time, without any disadvantage to yourself of any kind. 
What data or information will be collected and what use will be made of it? 
All your responses during the interview are completely confidential. Your interview will be 
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recorded digitally and transcribed. Transcripts will be made available for you to review after the 
interview. 
 
Any data will be managed according to a law called the Data Protection Act (2018). Anonymised 
interview data will be stored securely on an encrypted password protected computer for a period 
of five years. Only member of the research team will have access to your data.  
This project involves an open-questioning technique where the precise nature of the questions 

asked have not been determined in advance, but will depend on the way in which the interview 

develops. Consequently, although the Research Ethics Committee is aware of the general areas 

to be explored in the interview, the Committee has not been able to review the precise questions 

to be used. In the event that the line of questioning does develop in such a way that you feel 

hesitant or uncomfortable, you are reminded of your right to decline to answer any particular 

question(s) and also that you may withdraw from the project at any stage without any 

disadvantage to yourself of any kind. 

The results of the study may be published in academic journals or conferences but any included 
data will be anonymised and you will not be individually identifiable.  
 
How will my information be kept confidential? 
The University of Exeter processes personal data for the purposes of carrying out research in the 
public interest.  The University will endeavour to be transparent about its processing of your 
personal data and this information sheet should provide a clear explanation of this.  If you do have 
any queries about the University’s processing of your personal data that cannot be resolved by 
the research team, further information may be obtained from the University’s Data Protection 
Officer by emailing informationgovernance@exeter.ac.uk or at www.exeter.ac.uk/ig/ 
 
What if I have any questions? 
If you have any questions about our project, either now or in the future, please feel free to contact 
either Rebekah Hall (email: rh591@exeter.ac.uk) or Anne Spencer (email: 
a.e.spencer@exeter.ac.uk ) 
 
Complaints 
If you have any complaints about the way in which this study has been carried out please contact 
the Chair of the College of Medicine and Health Research Ethics Committee:- 
Mark Tarrant, PhD            
Chair of the CMH Research Ethics Committee 
Email: cmhethics@exeter.ac.uk 
 

This project has been reviewed and approved by the 
University of Exeter College of Medicine and Health Research Ethics Committee 

(REF NUMBER: 20/09/261)

mailto:informationgovernance@exeter.ac.uk
http://www.exeter.ac.uk/ig/
mailto:rh591@exeter.ac.uk
mailto:a.e.spencer@exeter.ac.uk
mailto:cmhethics@exeter.ac.uk


 
 
 

480 
 

Appendix 6.4: Consent form for think-aloud pilot interviews 

 
 

 
 
 

CONSENT FORM FOR INTERVIEW PARTICIPANTS 
 

What features of tests for ovarian cancer are most important? 
 

VERSION NUMBER [3]: DATE [09/10/20] 
 
Participant Identification Number: 

 
Please confirm that you have read and understood the following information: 

 

 
I agree to take part in the study: 
Yes □ 
No □ 
 

.................................................  ………………………..  ........... 
(Printed name of participant)      (Signature of participant) (Date) 

 
 

.................................................  ………………………..  ........... 
(Printed name of researcher)  (Signature of researcher) (Date) 

 
This project has been reviewed and approved by the 

University of Exeter College of Medicine and Health Research Ethics Committee  
(REF NUMBER: 20/09/261)

  Please 
initial 
box 

1. I confirm that I have read the information sheet dated [3] version no. [09/10/20] for the above 
project. I have had the opportunity to consider the information, ask questions and have had these 
answered satisfactorily  

 

    

2. I understand that my participation is voluntary and that I am free to withdraw at any time without 
giving any reason and without my legal rights being affected. 

 

    

3.  I understand that a digital recording and transcript of my interview will be retained and stored 
securely for a period of five years.  

 

   

4. I understand that relevant sections of the data collected during the study may be looked at by 
members of the research team, individuals from the University of Exeter, Cancer Research UK or 
regulatory authorities for audit purposes 

 

   

5. I understand that this study will involve an open-questioning technique, and I can decline to 
answer any particular question(s) without any disadvantage 

 

   

6. I understand that the results of the study may be published in an academic publication but 
included data will be anonymised and my anonymity will be preserved 
 

 

   

7. I understand that my travel expenses will be reimbursed in line with standard university rates and 
I will receive £10 gift voucher for my participation 
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Appendix 6.5:  Interview schedule 

 
Introduction to purpose of the study and verbal consent (8 mins) 
 
Introduction of interviewers 
 
Verbal consent 
(Written consent received prior to interview)  
Reminder of the information sheet. Recap of consent form (free to withdraw, interview is recorded for 
transcription at which point it will be deleted etc.) Ask if they are happy to go ahead and start interview.  
 
Background to study 
We are interested in testing the usability of the questionnaire we have developed, it not a test of the 
user themselves, questions are based on your own opinion and there are no right or wrong answers 
 
(Recording starts here) 
 
Introduction to thinking-aloud (5 mins)  
 
Explain that we’re interested in testing the system that we’re about to present and that we’re not testing 
the user specifically 
 
Ask the participant to tell us everything they’re thinking about from the moment they read the task and 
when they complete it. 
 
Tell them that they don’t need to plan/think out what they want to say. Just act as if they’re by themselves 
Emphasize that the important thing is to keep talking 
 
Explain that if you notice long periods of silence you may interrupt and remind them to keep talking.  
 
You will not be able to respond to any questions during the observation but will happily answer any 
questions at the end of the task 
 
Warm up exercise (5 mins) 
 
To help the user get a feel for actually performing a Think-Aloud, perform an example of think-aloud 
e.g. “Please think aloud as you name how many windows are in your house?” 
 
Think-aloud tasks (20 mins) 
 
Introduction to the task: discrete choice experiments and attributes and levels included 
 
Remind participant: most important thing is to keep talking, do not worry about making sense or 
explaining what you are doing to me. Act as if you are alone and are thinking out loud as you complete 
tasks. 
 
Does the user have any questions before tasks begin? 
 
During tasks: interviewers will remain silent unless participant stops talking then probes will be used to 
encourage talking. If the user becomes frustrated, take a quick break 
 
Probes:  

- What are you thinking now? 
- Why did you choose that option?  
- What did you consider when making that choice? 
-  

Follow up questions (5 mins) 
 
What did you think of the questions? 
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Did you have difficulty understanding any of the tasks? 
Did you have difficulty understanding any of the wording? 
Were you satisfied with the choices you made? 
Would you have answered differently if you were alone? 
 
Wrap up discussion (5 mins) 
 
Any further feedback or thoughts? 
Any questions? 
Thank you for completing the interview 
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Appendix 6.6: Key participant demographics from quantitative pilot study 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Version 1 Version 2 Version 3 Version 4 

Age 
Mean (SD) 
Range 

 
49.9 (8.7) 

 41-77 

 
52.5 (11.1) 

40-74 

 
52.4 (7.7) 

40-65 

 
51.4 (9.3) 

40-80 

Ethnicity, n (%) 
White  
Other 
Prefer not to say 

 
24 (96%) 

1 (4%) 
- 

 
23 (92%) 

1 (4%) 
1 (4%) 

 
24 (96%) 

1 (4%) 
- 

 
23 (92%) 

2 (8%) 
- 

Previously tested for ovarian cancer, n (%) 
Yes 
No 
Don’t know  

 
3 (12%) 

21 (84%) 
1 (4%) 

 
4 (16%) 

20 (80%) 
1 (4%) 

 
3 (12%) 

21 (84%) 
- 

 
2 (8%) 

23 (92%) 
- 

Self-reported health, n (%) 
Very good 
Good 
Fair 
Poor 
Very poor 
Prefer not to say 

 
7 (28%) 

10 (40%) 
7 (28%) 

- 
- 

1 (4%) 

 
5 (20%) 

14 (56%) 
6 (24%) 

- 
- 
- 

 
4 (16%) 

12 (48%) 
6 (24%) 
3 (12%) 

- 
- 

 
1 (4%) 

19 (76%) 
5 (20%) 

- 
- 
- 
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Appendix 6.7: Ngene syntax for the final experimental design 

 
design 

;alts(m1) = alt1*, alt2*, alt3 

;alts(m2) = alt1*, alt2*, alt3 

;alts(m3) = alt1*, alt2*, alt3 

;rows = 16 

;block= 2 

;eff = m1(mnl, d,median)+ m2(mnl, d,median)+ m3(mnl, d,median) 

 

;bdraws= sobol(500) 

;model(m1) : 

U(alt1)=  bsens[(n,0.0623,0.01088)] * sens[65,75,85,95] + btime[(n,-

0.2516,0.083)] * time[1,2,3,4] + bconditions.dummy[(n,0.6704,0.1565)] * 

conditions[1,0] + bcomm.dummy[(n,0.9280,0.257)|(n,1.3418,0.2253)] * 

comm[1,2,0] / 

U(alt2)=  bsens        * sens              + btime         * time          

+ bconditions.dummy        * conditions      + bcomm.dummy               * 

comm        / 

U(alt3)= b3[-1.990] 

 

;model(m2) : 

U(alt1)=  bsens[(n,0.0604,0.0103)] * sens[65,75,85,95] + btime[(n,-

0.3124,0.0871)] * time[1,2,3,4] + bconditions.dummy[(n,0.4131,0.2021)] * 

conditions[1,0] + bcomm.dummy[(n,0.5670,0.2053)|(n,6654,0.2236)] * 

comm[1,2,0] / 

U(alt2)=  bsens        * sens              + btime         * time          

+ bconditions.dummy        * conditions      + bcomm.dummy               * 

comm        / 

U(alt3)= b3[-1.048]      

 

   

;model (m3) : 

U(alt1)= bsens[(n,0.0876,0.01266)] * sens[65,75,85,95] + btime[(n,-

0.5232,0.1279)] * time[1,2,3,4] + bconditions.dummy[(n,0.5536,0.2240)] * 

conditions[1,0] + bcomm.dummy[(n,0.8383,0.2639)|(n,1.052,0.2842)] * 

comm[1,2,0] / 

U(alt2)= bsens                    * sens              + btime                    

* time          + bconditions.dummy         * conditions      + bcomm.dummy                                     

* comm   / 

U(alt3)= b3[-1.08] 

 

$ 
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Appendix 6.8: Experimental design for final data collection 

The final design was split in to two blocks to address how the number of choice tasks impacts preference behaviour. Respondents completed all questions but the order 
of completion was randomised across respondents to either; Block A then Block B or Block B then Block A. There were two transitivity questions per respondent (T1 
and T2 or T3 and T4 depending on order of block completion). Further details are provided in the Chapter 8. 
 

 
Choice 

task 

Alternative 1 Alternative 2 

Accuracy Timing Conditions Communication Accuracy Timing Conditions Communication 

B
lo

c
k
 1

 

1 85 3 Related conditions Fair 75 1 Cancer only Poor 

2 85 3 Related conditions Fair 85 2 Cancer only Good 

3 95 2 Cancer only Poor 65 3 Related conditions Good 

4 75 2 Cancer only Fair 95 3 Related conditions Good 

5 65 1 Related conditions Fair 95 4 Cancer only Poor 

6 75 4 Cancer only Good 65 1 Related conditions Poor 

7 95 2 Cancer only Poor 65 3 Related conditions Fair 

8 65 3 Related conditions Good 95 2 Cancer only Fair 

B
lo

c
k
 2

 

9 75 3 Related conditions Poor 85 2 Cancer only Fair 

10 85 4 Cancer only Fair 85 1 Related conditions Poor 

11 95 1 Cancer only Good 75 4 Related conditions Fair 

12 65 1 Cancer only Good 85 4 Related conditions Poor 

13 65 1 Related conditions Poor 95 4 Cancer only Fair 

14 95 2 Related conditions Fair 75 3 Cancer only Good 

15 85 4 Related conditions Good 75 1 Cancer only Fair 

16 75 4 Cancer only Poor 65 2 Related conditions Good 

R
a
ti
o

n
a
lit

y
 c

h
e
c
k
s
 

q
u

e
s
ti
o

n
s
 

T1 85 3 Related conditions Fair 75 1 Cancer only Poor 

T2 75 1 Cancer only Poor 85 2 Cancer only Good 

T3 85 4 Cancer only Fair 75 2 Related conditions Good 

T4 75 2 Related conditions Good 85 1 Related conditions Poor 

S1 85 3 Related conditions Fair 75 1 Cancer only Poor 

S9 75 3 Related conditions Poor 85 2 Cancer only Fair 

M 95 2 Related conditions Good 75 3 Cancer only Fair 
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Appendix 6.9: Final version of the survey 

What features of tests for ovarian cancer are most important? 
 

INFORMATION SHEET FOR PARTICIPANTS 
  

VERSION NUMBER [3]: DATE [09/10/20] 
  

Thank you for showing an interest in this survey. Please take time to read the following information carefully before deciding whether or not to take part. 
  
What is the aim of the project? 
Traditionally decisions about when and how to test for cancer have been made by doctors. In this study we would like to understand more about the decisions women and 
people with ovaries might make if they were given more of a choice. We aim to understand the attitudes and preferences of women and people with ovaries relating to 
testing for possible ovarian cancer. In particular, we want to learn what characteristics of diagnostic testing are most important. 
  
Why have I been invited to take part? 
We are approaching you because we are seeking responses from women and people with ovaries over the age of 40. You do not need to have any prior knowledge of 
ovarian cancer and you do not have to have been previously tested for ovarian cancer to take part in the study. You must be able to complete the survey in English to take 
part. Please do not take part in this survey if you have ever undergone a procedure to remove both of your ovaries. 
  
What will I be asked to do? 
Should you agree to take part, you will be asked to complete a survey lasting about 15 minutes. During the survey you will be asked to imagine you are experiencing 
symptoms of ovarian cancer. You will be shown descriptions of two different medical tests and asked which test you would prefer to have. In total, we will ask you about 16 
pairs of tests. At the end of the survey we will ask you some additional questions about yourself. This will help us to better understand how attitudes might vary from person 
to person. 
  
What are the possible disadvantages and risks of taking part? 
Participating in the research is not anticipated to cause you any disadvantages or discomfort. Some questions may be considered sensitive, however, you do not have to 
provide responses to any questions you feel uncomfortable answering. During the survey you will be asked to imagine you might have cancer, for some this may cause 
anxiety. 
  
Will I be paid? 
You will receive a payment of £1.80 for completing the survey. Payments will be paid directly into your Prolific account within 10 working days. 
  
Please note: In order to receive the payment you must complete the full survey and click the completion link at the end of the survey. To ensure responses are high quality, 
an “attention check” question has been included within the survey. You must correctly complete this question correctly to receive payment.  
  
Can I change my mind and withdraw from the project? 
If you decide you no longer wish to take part during the survey, simply exit the webpage to withdraw. Your incomplete responses will be permanently deleted. If you decide 
to withdraw after submitting your responses, please contact us via your Prolific account or directly by email. You can withdraw from the study for up to 14 days after 
completion and do no not have to give a reason. After 14 days it may no longer be possible to withdraw your submission because anonymization will mean we cannot link 
responses to individual participants. 
  
Is the survey confidential? 

All your answers to the survey are completely confidential and anonymous. You will not be asked your name or any other identifying information. Your responses will be 
securely stored on an encrypted password protected computer and managed according to a law called the Data Protection Act (2018). Your anonymised data will be 
stored for a period of five years. 
  
In line with the Cancer Research UK data sharing guidelines, your data may be shared with other researchers in the future at our discretion. Any shared data will be fully 
anonymised. For more information: https://www.cancerresearchuk.org/funding-for-researchers/applying-for-funding/policies-that-affect-your-grant/submission-of-a-data-
sharing-and-preservation-strategy/data-sharing-guidelines 
  
The results of the study may be published in academic journals or conferences but any included data will not be individually identifiable. 
  
The University of Exeter processes personal data for the purposes of carrying out research in the public interest. The University will endeavour to be transparent about its 
processing of your personal data and this information sheet should provide a clear explanation of this.  If you do have any queries about the University’s processing of your 
personal data that cannot be resolved by the research team, further information may be obtained from the University’s Data Protection Officer by 
emailing dataprotection@exeter.ac.uk or at www.exeter.ac.uk/dataprotection 
  
What if I have any questions? 
If you have any questions about our project, either now or in the future, please feel free to contact Rebekah Hall by emailing rh591@exeter.ac.uk 
  
Complaints 
If you have any complaints about the way in which this study has been carried out please contact the Chair of the  College of Medicine and Health Research Ethics 
Committee:- 
  
Mark Tarrant, PhD           
Chair of the CMH Research Ethics Committee 
Email: cmhethics@exeter.ac.uk 
  

  
This project has been reviewed and approved by the 

University of Exeter College of Medicine and Health Research Ethics Committee (REF NUMBER: 20/09/261) 

 

https://www.cancerresearchuk.org/funding-for-researchers/applying-for-funding/policies-that-affect-your-grant/submission-of-a-data-sharing-and-preservation-strategy/data-sharing-guidelines
https://www.cancerresearchuk.org/funding-for-researchers/applying-for-funding/policies-that-affect-your-grant/submission-of-a-data-sharing-and-preservation-strategy/data-sharing-guidelines
mailto:dataprotection@exeter.ac.uk
http://www.exeter.ac.uk/dataprotection
mailto:rh591@exeter.ac.uk
mailto:cmhethics@exeter.ac.uk
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Versions where time to diagnosis has no impact on survival: 
 

 
 
 
 
 
 
 
 
 



 
 
 

493 
 

Versions where time to diagnosis has an age-adjusted impact on survival (associated 10-year survival 
probabilities shown were changed based on the respondent’s age: 
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DCE questions here: 16 questions from experimental design below. Plus 4 validity check questions. 
Question formats for each survey version are shown in section C13. Underlying experimental design 
is the same in all 4 versions. 
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Ranking question was randomised to before and after the choice tasks to control for position bias 
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Appendix 7.1: Summary of questions relating to health attitudes and behaviours 

 
 
 

 Version 
1: 1% 

Version 
2: 2% 

Version 
3: 3% 

Version 
4: 
Timing-
survival 

P-value 
(ANOVA) 

Self-reported overall health, n (%)  
Very good  
Good  
Fair  
Poor 
Very poor 

 
32 (21%) 
73 (49%) 
40 (27%) 
6 (3.3%) 
0 (0%) 

 
25 (17%) 
78 (52%) 
39 (26%) 
8 (5%) 
0 (0%) 

 
31 (21%) 
71 (47%) 
38 (25%) 
8 (5%) 
2 (1%) 

 
21 (14%) 
81 (54%) 
37 (25%) 
11 (7%) 
0 (0%) 

 
0.55 

Perceived risk of OC, n (%) 
Very low  
Low  
Average  
High  
Very high  
Don’t know 
Prefer not to say 

 
5 (3%) 
10 (7%) 
94 (63%) 
10 (7%) 
1 (1%) 
30 (20%) 
- 

 
2 (1%) 
15 (10%) 
96 (64%) 
5 (3%) 
2 (1%) 
29 (19%) 
1 (1%) 

 
4 (3%) 
16 (11%) 
91 (61%) 
11 (7%) 
1 (1%) 
27 (18%) 
- 

 
0 (0%) 
13 (9%) 
95 (63%) 
6 (4%) 
1 (1%) 
35 (23%) 
- 

 
0.84 

OC-related worry, n (%) 
A great deal 
A lot  
A moderate amount 
A little 
Not at all  

 
5 (3%) 
6 (4%) 
20 (13%) 
72 (48%)  
47 (31%) 

 
2 (1%) 
7 (5%) 
20 (13%) 
83 (55%)  
38 (25%) 

 
2 (1%) 
5 (3%) 
25 (17%) 
69 (46%)  
49 (33%) 

 
2 (1%) 
6 (4%) 
34 (23%) 
68 (45%) 
40 (27%) 

 
0.63 

Personal history of cancer, n (%) 
Yes 
No 

 
9 (6%) 
141 
(94%) 

 
11 (7%) 
139 
(93%) 

 
14 (9%) 
136 
(91%) 

 
14 (9%) 
136 
(91%) 

 
0.18 

Know person diagnosed with OC, n 
(%) 
Yes 
No 

 
27 (18%) 
123 
(82%) 

 
23 (15%) 
127 
(85%) 

 
23 (15%) 
127 
(85%) 

 
36 (24%) 
114 
(76%) 

 
<0.001 

Previously tested for OC, n (%) 
Yes 
No 

 
13 (9%) 
137 
(91%) 

 
13 (9%) 
137 
(91%) 

 
8 (5%) 
142 
(95%) 

 
15 (10%) 
135 
(90%) 

 
0.20 

Previously TVUS (any reason), n (%) 
Yes 
No 

 
59 (39%) 
91 (61%) 

 
47 (31%) 
103 
(69%) 

 
48 (32%) 
102 
(68%) 

 
51 (34%) 
99 (66%) 

 
0.45 

Level of confidence/trust in GPs, n (%) 
A great deal 
A lot 
A moderate amount 
A little  
None at all  

 
18 (12%) 
53 (35%) 
59 (39%) 
19 (13%) 
1 (1%) 

 
22 (15%) 
58 (39%) 
49 (33%) 
19 (13%) 
2 (1%) 

 
17 (11%) 
50 (33%) 
52 (35%) 
27 (18%) 
4 (3%) 

 
11 (7%) 
46 (31%) 
71 (47%) 
20 (13%) 
2 (1%) 

 
0.095 

Willingness to take risks  
Mean (SD) 

 
4.85 (2.2) 

 
4.6 (2.2) 

 
5.0 (2.2)  

 
4.7 (1.9)  

 
0.35 
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Appendix 7.2: Multinomial results for versions 1-3 using categorical dummy-coding parameters 

 

 Version1: 1% risk of cancer Version 2: 2% risk of cancer Version 3: 3% risk of cancer 

 Coeff Std error Coeff Std error Coeff Std error 

Accuracy 

65% Ref - Ref - Ref - 

75% 1.30*** 0.16 1.32*** 0.17 1.32*** 0.18 

85% 2.24*** 0.21 2.48*** 0.22 2.66*** 0.22 

95% 2.75*** 0.19 3.06*** 0.20 3.16*** 0.22 

Timing 

1 month Ref - Ref - Ref - 
2 months -0.17 0.14 -0.57*** 0.15 -0.75*** 0.15 
3 months -0.70*** 0.18 -0.66*** 0.16 -0.93*** 0.16 
4 months -1.26*** 0.13 -1.26*** 0.13 -1.57*** 0.14 

Identifiable conditions 

Cancer only Ref - Ref - Ref - 

Cancer plus additional related conditions 0.83*** 0.09 0.61*** 0.09 0.62*** 0.10 

Communication 

Poor Ref - Ref - Ref - 

Fair 0.74*** 0.08 0.62*** 0.07 0.70*** 0.08 

Good 0.89*** 0.11 0.94*** 0.11 1.00*** 0.10 

Neither test 0.04 0.27 -0.28 0.28 0.23 0.29 

Model fit statistics 

LL -1521.37 -1445.99 -1453.40 
LR test (Continuous vs categorical level coding) -15.53 -11.73 -17.21 
Observations 6,840 6,918 6,840 
N 150 150 150 

Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% confidence level 
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Appendix 7.3: Visualisations of Accuracy and Time to diagnosis categorically coded 
parameter estimates.  
 
Estimates were used to assess the functional form of the final model 
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Appendix 7.4: Interaction conditional logit model used to compare estimates from 
versions 1-3 (Differences in preferences based on risk of cancer) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Coeff Std error 

Accuracy 

Per % 0.09*** 0.01 

Timing 

Per month -0.37*** 0.04 

Identifiable conditions 

Cancer only Ref - 

Cancer plus additional related 
conditions 

0.77*** 0.07 

Communication 

Poor Ref - 

Fair 0.73*** 0.07 

Good 0.81*** 0.10 

Neither test -0.64*** 0.25 

Interaction terms- comparing preferences across risk 
levels 

accuracy_percentage2 0.01 0.01 

timing_ percentage2 0.04 0.05 

conditions_related_ percentage2 -0.01 0.10 

communication_fair_ percentage2 -0.08 0.10 

communication_good_ percentage2 0.13 0.14 

accuracy_percentage3 0.01 0.01 
timing_ percentage3 -0.03 0.05 
conditions_related_ percentage3 -0.06 0.10 
communication_fair_ percentage3 -0.03 0.11 
communication_good_ percentage3 -0.10 0.13 
Model fit statistics 

LL -4445.08 
Observations 20,598 
N 450 
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Appendix 7.5: Sensitivity analysis- 10 minutes or less 

Interaction model used to check for differences in preferences between those who completed the 
survey under 10 minutes and those who took longer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Coeff Std error 

Accuracy 

Per % 0.10*** 0.00 

Timing 

Per month -0.36*** 0.02 

Identifiable conditions 

Cancer only Ref - 

Cancer plus additional related 
conditions 

0.75*** 0.04 

Communication 

Poor Ref - 

Fair 0.69*** 0.04 

Good 0.89*** 0.06 

Neither test -0.54*** 0.16 

Interaction terms- time below 10 minutes 

accuracy_under10 -0.00 0.02 

timing_under10 -0.20 0.14 

communication_fair_under10 0.12 0.18 

communication_good_under10 -0.23 0.19 

conditions_related_under10 -0.24 0.18 

neither_under10 -0.89 0.89 

Model fit statistics 

LL -4449.67 
Observations 20,698 
N 450 
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Appendix 7.6: Sensitivity analysis- rationality failures  

Interaction model used to check for differences in preferences between those who failed one or more 
rationality check and those who did not 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Coeff Std error 

Accuracy 

Per % 0.10*** 0.00 

Timing 

Per month -0.37*** 0.03 

Identifiable conditions 

Cancer only Ref - 

Cancer plus additional related 
conditions 

0.78*** 0.05 

Communication 

Poor Ref - 

Fair 0.77*** 0.05 

Good 0.94*** 0.07 

Neither test -0.59*** 0.15 

Interaction terms- failing 1 or more rationality checks 

accuracy_rationalityfail -0.03*** 0.01 

timing_rationalityfail 0.00 0.05 

conditions_related_rationalityfail -0.13 0.10 

communication_fair_rationalityfail -0.23** 0.10 

communication_good_rationalityfail -0.16 0.13 

Model fit statistics 

LL -4410.83 
Observations 20,598 
N 450 
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Appendix 7.7: Logistic regression investigating the probability of failing one or more 
rationality check question 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Odds ratio Std error 

Task difficulty 0.90 0.21 

Completion time 0.99 0.00 

Attended university 0.55*** 0.13 

Certainty of choices for rationality questions 0.84*** 0.06 

Model fit statistics 

LL -242 
Pseudo R2 0.03 
N 450 
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Appendix 7.8: Model fit statistics used to identify the appropriate number of classes 
for latent class logit analysis 

 

 
 
 
 
 
 
 

Number of 
classes 

Log-
likelihood 

BIC AIC CAIC 
Lowest 
class 

probability 

2 -3999.48 8090.57 8028.97 8105.57 16% 

3 -3627.42 7395.30 7300.84 7418.3 16% 

4 -3566.30 7321.91 7194.59 7352.91 6% 

5 -3430.31 7098.80 6938.63 7137.80 6% 

6 -3363.14 7013.30 6820.27 7060.30 <5% 
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Appendix 7.9: Logistic regression to investigate the relationship between key 
characteristics and the probability of choosing the “neither test” alternative at least 
once 

 Full model 
OR (SE) 

Reduced 
model 

OR (SE) 

Age 
1.00 

(0.01)  

Attended university 
0.89 
(0.22)  

Found task difficult/very difficult 
0.89 

(0.22)  

Previously tested for ovarian cancer 
0.96 

(0.31)  

Previously undergone a TVUS 
0.96 
(0.22)  

Employed 
0.62* 
(0.16) 

0.68* 
(0.16) 

Risk averse 
0.82 
(0.19)  

Active role in medical decision making 
0.85 
(0.10)  

Wishes to have an active role in medical decision 
making 

1.00 
(0.14)  

Knows someone diagnosed with ovarian cancer 
1.15 
(0.37)  

Worried about ovarian cancer 
0.56** 
(0.15) 

0.60* 
(0.18) 

In good/very good health 
0.56** 
(0.15) 

0.60** 
(0.14) 

Aware of ovarian cancer symptoms 
1.16 
(0.30)  

Help-seeking 
1.18 
(0.26)  

White 
0.64 
(0.26)  

Children 
0.86 
(0.09)  

Confidence in choices 
0.87 
(0.08)  

Total completion time 
1.00 
(0.00)  

Constant 
0.39 
(0.45)  

Model fit statistics 

LL -2035 -2053 
Pseudo R2 0.02 0.01 
N 450 450 
Key: ***significant at 99% confidence level 
           **significant at 95% confidence level 
             * significant at 90% confidence level 



 
 
 

510 
 

Appendix 8.1: Logistic regression examining the relationship between unstable 
preferences and the position of the stability check question within the survey.  

Dummy variables represent the odds of failing the stability rationality check relative to instances 
where the stability check was positioned in the late stage of the DCE tasks.  

 

 

 Odds ratio Std error 

Early choice stability dummy 1.56 0.45 

Cross survey choice stability dummy 1.45 0.42 

Constant       0.21*** 0.05 

Model fit statistics 

LL -11253 
Pseudo R2 0.01 
N 450 
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Appendix 8.2: Regression analysis examining the relationship between the scale 
parameter and question order.  

The model also includes average choice confidence and utility balance between alternatives for each 
choice task as independent variables to control for confounding effects. 

 

 Odds ratio Std error 

Question order 0.01 0.03 

Question order squared 0.00 0.00 

Choice certainty 0.20** 0.07 

Utility balance -0.06** 0.02 

Constant 0.46 0.45 

Model fit statistics 

R2 0.40 
N 450 
Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant 
at 90% confidence level 
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Appendix 8.3: Mixed logit models analysing early and late stage responses 
separately.  

Model outputs were used to calculate marginal rates of substitution 

 
 
 
 
 
 
 

 Early responses Late responses 

 Mean (SE) Std dev Mean (SE) Std dev 

Accuracy 

Per % 
    0.17*** 

(0.01) 
0.09*** 

    0.24*** 
(0.02) 

0.16*** 

Timing 

Per month 
   -0.62*** 

(0.05) 
0.52*** 

   -0.84*** 
(0.07) 

0.72*** 

Identifiable conditions 

Cancer only Ref - Ref - 

Cancer plus additional related 
conditions 

   1.11*** 
(0.10) 

0.91*** 
   1.18*** 

(0.11) 
1.10*** 

Communication 

Poor Ref - Ref - 

Fair 
   1.11*** 

(0.10) 
0.34** 

   1.09*** 
(0.10) 

0.10  

Good 
   1.19*** 

(0.09) 
0.93*** 

   1.45*** 
(0.12) 

0.57*** 

Neither test 
   -3.13*** 

(0.45) 
3.99*** 

   -3.06*** 
(0.42) 

4.37*** 

Model fit statistics 

LL -1837.03 -1572.58 
Observations 10,266 10,266 
N 450 450 
Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 
90% confidence level 
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Appendix 8.4: Description of socio-demographic and experimental characteristics 
included in the logit model investigating associations with indifferent preferences 

 

Category Description Hypothesis 

Socio-demographic factors 

Education • Attended university 

• Did not attend university 

Increased education is 
associated with reduced 
selection of indifference 
option 

Self-reported health • Good health 

• Average/below good health 

Those in poorer health may 
be more inclined to default 
to doctor recommendations 
resulting in more passive 
preferences and greater 
likelihood of indifferent 
responses 

Ovarian cancer testing 
experience 

• Previously tested 

• Never tested 

Those with previous test 
experience are likely to have 
better formed, pre-existing 
preferences relating to 
testing resulting in a 
reduction in indifferent 
preferences 

Current medical decision-
making role 

• Active (Report having “a 
great deal” or “a lot” of input 
in medical decisions) 

• Passive (Report having a 
lesser role in medical 
decisions) 

Those who currently play an 
active role in medical 
decisions are likely to have 
clearer formed preferences 
and be more confident when 
making choices resulting in 
reduced indifferent 
responses 

Desired medical decision-
making role 

• Active (Report wanting “a 
great deal” or “a lot” of input 
in medical decisions) 

• Passive (Report wanting a 
lesser role in medical 
decisions) 

As above 

Symptom awareness • Continuous variable 
indicating the number of OC 
symptoms that were 
recognised (0-12) 

Increased knowledge of 
ovarian cancer results in a 
reduction in indifferent 
preferences 

Experiment-related factors 

Utility difference between 
alternatives 

• Continuous variable 
representing the absolute 
utility difference between test 
alternatives within a task (i.e. 
Test A and Test B) 

Larger differences in 
estimated utility between 
alternatives makes it easier 
to distinguish between 
alternatives resulting in 
reduced indifference 

Choice confidence • Continuous variance (1-10) Less confidence in the 
choice within a DCE task is 
associated with increased 
chance of indifferent 
responses 
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Task difficulty • Easy/neutral 

• Very difficult/difficult 

Unclear- Increased difficultly 
may be associated with 
increased indifferent 
preferences due to difficulty 
in differentiating between 
alternative. Alternative, 
increased perceived difficulty 
may indicate greater 
deliberation and effort to 
choose a most preferred 
option  

Total opt-out selections • Continuous variable (0-16) 
representing the number of 
times the “neither test” 
alternative was chosen by a 
respondent throughout the 
choice tasks 

Increased selection of the 
opt-out alternative is 
associated with reduced 
selection of indifference 
alternative 
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Appendix 8.5: Results of the HCL model used to examine scale differences between 
the DCE with and without an indifference alternative  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attribute Coefficient SE 

Accuracy   

Per % 0.10*** .01 

Time to diagnosis   

Per 1 month wait -0.45*** 0.03 
Identifiable conditions   

Cancer only - - 

Additional conditions 0.80*** 0.06 
Communication   

Poor - - 

Fair 0.81*** 0.07 
Good 1.07*** 0.08 
Interactions   
No test -0.75*** 0.21 

Scale covariates 

Indifference alternative included -0.07 0.08 

Model fit statistics 

Log-likelihood -2915.46 
Observations 14,040 

N 300 

***=1% significant;  **= 5% significant; *=10% significant 
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Appendix 8.6: Sociodemographic characteristics for version 5- no indifference 
alternative  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Characteristic N (%) p-value* 

Age 
Mean (SD) 
Range 

 
51.8 (9.3) 
40-81 

0.67 

Ethnicity, n (%) 
White  
Other 
Prefer not to say 

 
142 (95%) 
8 (5%) 
- 

0.11 

Children, n (%) 
Mean (SD) 
Range 

 
1.5 (1.3)  
0-8 

0.58 

Relationship status, n (%) 
Single 
In a relationship 
Married/civil partnership 
Separated/divorce 
Widowed 
Prefer not to say  

 
26 (17%) 
25 (17%) 
81 (54%) 
16 (11%) 
3 (1%) 
-  

0.46 

Education, n (%) 
No qualifications 
GCSE  
A-Level/ College 
Undergraduate 
Post-graduate/professional quals  
Other 
Prefer not to say 

 
1 (1%) 
28 (19%) 
34 (23%) 
46 (31%) 
39 (26%) 
2 (1%) 
- 

0.98 

Employment, n (%) 
Employed, full-time  
Employed, part-time  
Self-employed 
Not employed 
Retired  
Other 
Prefer not to say  

 
50 (33%) 
26 (17%) 
22 (15%) 
14 (9%) 
18 (12%)
  
38 (25%) 
- 

0.38 

Household income, n (%) 
£0-9,999 
£10,000-19,999 
£20,000-29,999 
£30,000-39,999 
£40,000- 49,999 
£50,000- 59,999 
£60,000-69,999 
£70,000+ 
Prefer not to say 

 
13 (9%) 
23 (15%) 
25 (17%) 
23 (15%) 
16 (11%) 
14 (9%) 
10 (7%) 
13 (9%) 
13 (9%) 

<0.001 

*p-value of chi2 comparing characteristics between survey versions with 
and without an indifference alternative 
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Characteristic N (%) p-value 

Self-reported overall health  
Very good  
Good  
Fair  
Poor 
Very poor 

 
19 (13%) 
75 (50%) 
48 (32%) 
7 (5%) 
1 (1%) 

0.24 

Perceived risk of OC 
Very low  
Low  
Average  
High  
Very high  
Don’t know 
Prefer not to say 

 
-  
11 (7%) 
103 (69%) 
4 (3%) 
-  
32 (21%) 
- 

0.57 

OC-related worry 
A great deal 
A lot  
A moderate amount 
A little 
Not at all  

 
1 (1%) 
5 (3%) 
19 (13%) 
77 (51%)  
48 (32%) 

0.58 

Personal history of cancer 
Yes 
No 
Prefer not to say 

 
9 (6%) 
141 (94%) 
1 (1%) 

0.20 

Know person diagnosed with OC 
Yes 
No 

 
30 (20%) 
120 (80%) 

<0.001 

Previously tested for OC 
Yes 
No 

 
10 (7%) 
140 (93%) 

<0.001 

Current level of input in medical decisions 
A great deal  
A lot  
A moderate amount  
A little  
Not at all  

 
10 (7%) 
32 (21%) 
57 (38%) 
40 (27%) 
11 (7%) 

0.57 

Desired level of input in medical decisions 
A great deal  
A lot  
A moderate amount  
A little  
Not at all  

 
66 (344%) 
48 (32%) 
32 (21%) 
4 (3%) 
0 (0%) 

0.49 

Willingness to take risks  
Mean (SD) 

 
4.59 (2.3) 

 
0.13 

*p-value of chi2 comparing characteristics between survey versions with and 
without an indifference alternative 
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Appendix 8.7: Mixed logit results for the non-indifference survey version 

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Mean (SE) Std dev 

Accuracy 

Per % 
    0.19*** 

(0.01) 
0.11*** 

Timing 

Per month 
   -0.86*** 

(0.08) 
0.06*** 

Identifiable conditions 

Cancer only Ref - 

Cancer plus additional related conditions 
   1.29*** 

(0.11) 
0.91*** 

Communication 

Poor Ref - 

Fair 
   1.43*** 

(0.12) 
0.26 

Good 
   1.82*** 

(0.15) 
0.76*** 

Neither test 
   -4.47*** 

(072) 
3.68*** 

Model fit statistics 

LL -1117.32 
Observations 7,200 
N 150 
Key: ***significant at 99% confidence level; **significant at 95% confidence level; 
*significant at 90% confidence level 
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Appendix 9.1: Detailed BWS methods and results assessing ovarian screening 
priorities 

 

This appendix provides an extended description of the methods and results of the online best-

worst scaling survey conducted as part of attribute development for the ovarian cancer 

screening DCE developed in Chapter 9.  

 

Methods 

Object-case best-worst scaling (BWS) was used to understand the relative importance of the 

remaining potential attributes to the target population. 

 

Experimental design 

A BIBD was generated in SAS 9.4.  Nine potential designs consisting of 13-39 tasks each with 

3-12 attributes per task were generated and compared. The design was selected based on a 

balance of efficiency and perceived respondent burden. The final design consisted of 13 

choice tasks. Each choice task included a sub-set of four attributes from which participants 

were asked to select the “most important” and least important”. Each attribute appeared four 

times across the choice tasks. The order of choice sets was randomised between respondents 

to control for ordering effects. The position of attributes was optimised so each attribute 

appeared in every position once throughout the survey. Overall, the experimental design had 

a d-efficiency of 81.3%. 

 

Survey instrument 

The best-worst scaling study was embedded into an online survey hosted on Limesurvey 

(Limesurvey.com).. Alongside the best-worst questions, the survey also included socio-

demographic questions (e.g. age, employment status) and health behaviour questions (e.g. 

ovarian cancer knowledge, family history and previous screening uptake). 

 

To ensure no relevant attributes were missed and mediate the influence of the internal 

reduction exercise, an open-ended question was included asking participants if there were 

any additional attributes they would consider important when making a decision about ovarian 

cancer screening. 

 

Participants 

Participants were recruited using Prolific (Prolific.co). Participation was limited to women and 

people with ovaries (restricted using the ‘sex’ filter) over the age of 40 (no upper limit), living 

in England and Wales. The minimum sample size estimated alongside the BIBD was 52, given 
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the uncertainty surrounding this estimated a target sample size of 100 was chosen11. 

Participants received a payment of £2.00 via prolific account as compensation for their time.  

 

Statistical analysis 

Sociodemographic and health-related background questions were reported using means, 

standard deviations, and ranges.  

 

BWS data were analysed using two methods: counting approach and multinomial logit.  

 

Counting approach 

Counting scores were calculated by subtracting the number of times an item was selected as 

“least important” from the number of times the attribute was selected as “most important” 

across all choice tasks and all respondents. Raw counting scores ranged between -400 and 

+400 (each attribute appeared 4 time and there were 100 respondents), with a higher score 

indicating greater importance. To aid interpretation, scores were standardised to between -1 

and +1.  

 

Multinomial logit (MNL) 

A MNL model was estimated using the lowest scoring attribute from the counting analysis as 

the reference item for analysis. The level of importance of all remaining attributes were 

therefore estimated relative to this attribute.  

 

Results 

 

Table 1 summarises the demographic and health-related characteristics of respondents. The 

average age of respondents was 50 years old (range: 40-72). The majority of respondents 

were white (93%), married (65%), university-educated (53%) and employed (56%). 

 

Respondents most commonly reported being in good or very good health (69%) (Table 2). 

Anxiety surrounding personal-risk of ovarian cancer was generally low, with 57% of 

respondents reporting feeling little-to-no ovarian-cancer related worry. Previous testing for 

ovarian cancer was low (9%).  Screening attendance across respondents was high with 81% 

reporting always attending cervical screening when invited (or always attending before 

 
11 When generating BIBD in SAS an estimated minimum sample size is provided, however, it is 
unclear how this estimate is derived. Currently there is no guidance on appropriate sample size for 
best-worst scaling studies.  
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reaching 65 years old). Breast cancer screening attendance was lower, with 70% (33/47) of 

eligible participants reporting routinely attending. 

 

Table 1: Sociodemographic characteristics of BWS respondents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Characteristic n  

Age 
Mean (SD) 50.3 (8.7) 
Range 40-72 

Ethnicity 
White 93  
Asian 2  

Black 2  

Mixed 2  

Not reported 1 

Relationship status 

Single  10  
In a relationship  7  
Married/civil partnership  65 
Divorced/separated  15  
Widowed  3 

Level of education 
GCSE  27 
A-Level/ College 20 
Undergraduate  27 
Post-graduate  26 

Employment status 
Employed, full-time  30 
Employed, part-time  26 
Self-employed  13 
Not employed  3 
Retired 13 
Other  12 

Income 
£0-£9,999 5 
£9,999-£19,999 9 
£20,000-£29,999 22 
£30,000-£39,999 15 
£40,000-£49,999 8 
£50,000-£59,999 9 
£60,000-£69,999 9 
£70,000+ 10 
Not reported 13 
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Table 2: Health related characteristics of BWS respondents (n=100) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Best worst scaling results 

A summary of aggregate best and worst selections for each attribute are shown in Table 3  

Characteristic n (%) 

Self-reported overall health  
Very good 14 
Good  55 
Fair 24 
Poor  5 
Very poor  2 

Ovarian cancer-related worry 
A great deal  3 
A lot  9 
A moderate amount 27 
A little 47  
Not at all 10 
Not reported 4 

Personal history of cancer 10 
Knew someone who was diagnosed with ovarian 
cancer 

21 

Previously tested for ovarian cancer 9 
Previously undergone a TVUS (any reason) 37 
Cervical cancer screening behaviour 

Always attends/attended 81 
Irregularly attends/attended 11 
Never attended/stopped attending 8 

Breast cancer screening behaviour 
Always attends/attended 33 
Irregularly attends/attended 6 
Never attended/stopped attending 8 
Not eligible 47 

How much confidence and trust do you have in GPs 
A great deal  12 
A lot  40 
A moderate amount 40 
A little  6 
None at all  2 

How much do you feel able to be involved in medical decisions 
A great deal  10 
A lot  31 
A moderate amount  34 
A little 21 
Not at all 4 

How much do you wish to be involved in medical decisions 
A great deal 38 
A lot 42 
A moderate amount 14 
A little 5 
Not at all 0 
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Table 3: Best-worst counting scores  
 

Attribute 

Aggregate population 
Individual mean 

Rank Most Least M-L 
Standardised M-L 

score 
95% CI 

Chance of dying from ovarian cancer 1 273 15 258 0.65 0.53 –0.76 

Accuracy: chance of false-negative result 2 186 12 174 0.44 0.36 –0.51 

Chance of being unnecessarily diagnosed and treated for a 
cancer that would never have caused symptoms or death 

3 176 9 167 0.42 0.33 –0.51 

Chance of cancer diagnosis 4 157 23 134 0.34 0.26 –0.41 

Accuracy: chance of a false-positive result 5 137 10 127 0.32 0.27 –0.37 

Waiting time for the result 6 74 86 -12 -0.03 -0.03 – (-0.03) 

Chance of needing a follow up test 7 59 95 -36 -0.09 -0.16 – (-0.02) 

Waiting time for the test 8 60 105 -45 -0.11 -0.12 – (-0.10) 

Screening interval 9 28 101 -73 -0.18 -0.25 – (-0.11) 

Type of test 10 55 168 -113 -0.28 -0.40 – (-0.16) 

Test location 11 41 229 -188 -0.47 -0.58 – (-0.36) 

Who performs the test? 12 28 217 -189 -0.47 -0.61 – (-0.33) 

Action required by you to arrange the result 13 26 230 -204 -0.51 -0.62 – (-0.40) 
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Counting results 

 “Chance of dying of ovarian cancer” was deemed most important on average with a 

standardised score of 0.65 (95% CI: 0.53-0.76) and “Action required by you to arrange the 

test” was deemed least important (-0.51, 95% CI:-0.62 – [-0.40]). The distance between each 

attribute spatially represents the relative importance of each attribute. Heterogeneity in best 

and worst selections across respondents varied between attributes Figure 1). However, 

overall heterogeneity was lower than observed in the diagnostic survey, as reflected by the 

smaller confidence intervals associated with importance scores.  

 

Importance scores formed two distinct groups. Attributes in cluster 1 were the most important 

to respondents are related to the performance characteristics of tests. Attributes in the second 

cluster were distinctly less important to respondents and related to service delivery aspects of 

screening (except for “chance of needing a follow up test”).  

 

Multinomial logit results 

MNL results are shown in Table 4. As the lowest scoring attribute during the counting analysis, 

“Action required by you to arrange the test” was selected as the base attribute and set to zero. 

With the exception of “Test location” and “Who performs the test”, all attributes were 

significantly more important to respondents than the base attribute. The order of attribute 

importance remained largely unchanged, however, “Accuracy: chance of a false positive 

result” and “Chance of cancer diagnosis” alternated positions. When mapped, MNL 

coefficients and counting coefficients were highly correlated Figure 2. 
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Figure 1: Range of individual scores from the best-worst scaling study
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Table 4: Conditional logit BWS results using “Action required by you to arrange the test” as the base 
attribute 

 

Attribute Coefficient SE 

Chance of dying from ovarian cancer  3.18*** 0.14 

 
Accuracy: chance of false-negative result 

 2.63*** 0.13 

Chance of being unnecessarily diagnosed and treated for a cancer 
that would never have caused symptoms or death 

 2.48*** 0.13 

Accuracy: chance of a false-positive result  2.31*** 0.13 

Chance of cancer diagnosis  2.25*** 0.13 

Waiting time for the result  1.21*** 0.12 

Chance of needing a follow up test  1.07*** 0.12 

Waiting time for the test  1.06*** 0.12 

Screening interval  0.90*** 0.12 

Type of test  0.67*** 0.12 

Test location          0.17 0.12 

Who performs the test?          0.09 0.12 

***=p-value<0.01 
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Figure 2: Plot demonstrating the correlation between BWS responses analysed using the counting 
method and conditional logit modelling 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Self-reported importance of attributes 

Following completion of the best-worst task, respondents were asked to indicate the attributes 

that they would consider “always important” when making ovarian cancer screening decisions 

and any that they would consider as “never important”. Figure 3 shows the responses for each 

attribute plotted against the total number of “most” and “least” selections from the BWS 

exercise for comparison. Self-reported importance generally followed the same pattern and 

re-demonstrate the strong prioritisation of attributes falling in to “cluster 1” in the best-worst 

task.  
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Figure 3: Number of respondents that indicated each attribute was "always important" or "never 
important" to them when considering ovarian cancer screening 
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Appendix 9.2: Best-worst scaling questionnaire 

Understanding priorities towards ovarian cancer 
screening (BWS) 

  
INFORMATION FOR PARTICIPANTS 

  
You are being invited to take part in a research study that aims to understand attitudes 
around screening for possible ovarian cancer. Before you decide whether to take part in 
this study it is important for you to understand why the research is being done and what 

taking part will involve. 
 

Please read the following information carefully and take time to consider whether you 
wish to take part.  

  

 

  
What is the aim of the project? 
In particular, we want to learn what characteristics of diagnostic testing are most important. 
Screening for cancer can help to identify the disease at an earlier stage where it is more curable. 
Currently the NHS does not offer screening for ovarian cancer but research to develop a suitable 
test are ongoing. In this study we want to learn what characteristics of a possible test are most 
important to people who may be eligible for screening if/when a test becomes available.  

  
Why have I been invited to take part? 
We are approaching you because we are seeking responses from women and people with ovaries 
over the age of 40. You must be able to complete the survey in English to take part. Please do 
not take part in this survey if you have ever undergone a procedure to remove both of your 
ovaries. 

  
What will I be asked to do? 
Should you agree to take part, you will be asked to complete a survey lasting about 
15 minutes. The survey includes questions about your background, health history and your views 
on ovarian cancer testing. There are no right or wrong answers- the purpose of the survey is to 
better understand the opinion of women.  

  
What are the possible disadvantages and risks of taking part? 
Participating in the research is not anticipated to cause you any disadvantages or discomfort. 
Some questions may be considered sensitive, however, you do not have to provide responses to 
any questions you feel uncomfortable answering. During the survey you will be asked to imagine 
you might have cancer, for some this may cause anxiety. 
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 Will I be paid? 
You will receive a payment of £1.75 for completing the survey. Payments will be paid directly into 
your Prolific account within 10 working days. 

  
Please note: In order to receive the payment you must complete the full survey and click the 
completion link at the end of the survey. To ensure responses are high quality, three “attention 
check” questions have been included throughout the survey. You must correctly complete all three 
questions to receive payment.  

  
Can I change my mind and withdraw from the project? 
If you decide you no longer wish to take part during the survey, simply exit the webpage to 
withdraw. Your incomplete responses will be permanently deleted. If you decide to withdraw after 
submitting your responses, please contact us via your Prolific account or directly by email. You 
can withdraw from the study for up to 14 days after completion and do no not have to give a reason. 
After 14 days it may no longer be possible to withdraw your submission because anonymization 
will mean we cannot link responses to individual participants. 

  
Is the survey confidential? 
All your answers to the survey are completely confidential and anonymous. You will not be asked 
your name or any other identifying information. Your responses will be securely stored on an 
encrypted password protected computer and managed according to a law called the Data 
Protection Act (2018). Your anonymised data will be stored for a period of five years. 
The results of the study may be published in academic journals or conferences but any included 
data will not be individually identifiable. 
The University of Exeter processes personal data for the purposes of carrying out research in the 
public interest. The University will endeavour to be transparent about its processing of your 
personal data and this information sheet should provide a clear explanation of this.  If you do have 
any queries about the University’s processing of your personal data that cannot be resolved by the 
research team, further information may be obtained from the University’s Data Protection Officer 
by emailing dataprotection@exeter.ac.uk or at www.exeter.ac.uk/dataprotection 

  
What if I have any questions? 
If you have any questions about our project, either now or in the future, please feel free to 
contact Rebekah Hall by emailing rh591@exeter.ac.uk or Anne 
Spencer a.e.spencer@exeter.ac.uk 

  

 

This project has been reviewed and approved by the University of Exeter UEBS ethics 
comittee application number (eUEBS003725v4.2) 

 
 

mailto:dataprotection@exeter.ac.uk
http://www.exeter.ac.uk/dataprotection
mailto:rh591@exeter.ac.uk
mailto:a.e.spencer@exeter.ac.uk
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Appendix 9.3: Design specifications when specifying the communication format for 
the screening DCE based on risky attributes 

 

vii. Absolute risks not relative risks 

 

The use of absolute risks (e.g. 4 in 100 will die) rather than relative risks (e.g. 50% increase in deaths) 

is consistently recommended across the risk communication literature in order to maintain a neutral 

communication style and maximise understanding. Relative risks have been shown to manipulate or 

persuade audiences by magnifying risk perceptions and decreasing understanding (Akl et al., 2011; 

Garcia-Retamero & Cokely, 2017; Zipkin et al., 2014). Relative risks typically have a greater impact on 

decision-making, therefore mixing attributes expressed in terms of absolute and relative risks within the 

same experiment would introduce potential bias (Zipkin et al., 2014). 

 

 

viii. Frequencies not percentages  

 

There is mixed evidence about the acceptability and effectiveness of percentages versus simple 

frequencies. Studies comparing the two approaches demonstrate conflicting results (Hoffrage et al., 

2002; Trevena et al., 2006; Woloshin & Schwartz, 2011). However, research suggests rare events (i.e. 

those occurring less than 1%) may be less well understood when represented as percentages due to 

the use of decimal points meaning simple frequencies are preferable (Trevena et al., 2021).  

 

 

ix. Consistent denominator for frequencies 

 

To aid understanding and comparisons between alternatives uniformity in the size of the denominator 

is recommended both across and within attributes (Garcia-Retamero & Cokely, 2017; Garcia-Retamero 

& Galesic, 2009; Garcia-Retamero et al., 2010). Consistency in the denominator also requires the 

population of interest to be the same across all attributes (i.e. all those at risk). In practice, this means 

attributes such as false negatives should be expressed in terms of the number of people screened 

taking into account disease prevalence rather than in terms of only those with the disease (i.e. approach 

used in the diagnostic study) (Garcia-Retamero & Cokely, 2017). 

 

x. Consistent framing of attributes 

 

How risks are framed has a proven impact on the decision-making. Positively framed risks (e.g. chance 

of surviving) typically increase the acceptability of interventions compared to negatively framed risks 
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(e.g. chance of dying) (Akl et al., 2011; Michalovic et al., 2018; Zipkin et al., 2014). To avoid biases in 

the willingness to trade between attributes, a consistent framing perspective should be adopted. 

However, the decision between positive or negative phrasing may introduce a potential bias regarding 

the selection of the opt-out “no screening” option  (Lee & Kang, 2018; Tang & Chooi, 2021). 

 

xi. Visual aids  

 

Evidence on the effectiveness of visual aids for the communication of risk is disputed. Several studies 

have demonstrated the use of graphics improves understanding and can help to avoid biases such as 

framing effects and denominator neglect, particularly amongst those with lower numeracy skills (Garcia-

Retamero & Cokely, 2017; Garcia-Retamero et al., 2010). However, many studies have also shown 

visual aids do not influence the understanding or interpretation of risk information. Specifically in the 

context of DCEs, (Vass et al., 2018a) showed no difference in preferences between risks expressed 

visually or as percentages.   

 

The best choice of visual aid is also disputed and varies according to the context with studies providing 

conflicting evidence showing icon arrays, bar charts, decision trees and line graphs are all most 

preferred by audiences and/or most effective in varying contexts (Corso et al., 2001; Scalia et al., 2021; 

Zipkin et al., 2014). 

 

Importantly, studies demonstrating that visual aids can have a detrimental effect on risk comprehension 

where graphics are overly complex or aimed at audiences with poor graph literacy. Regardless of the 

choice of visual display, transparency and simplicity are fundamental. To maximise the effectiveness of 

visual aids there are some universal guidelines that aid the interpretability of graphics. Satisfying these 

criteria has been found to be more important that the choice of specific graphic (Ancker et al., 2006).  

 

Key criteria to improve the effectiveness of visual aids:  

• visuals should be supplemented by numerical risks (Garcia-Retamero & Cokely, 

2017; Okan et al., 2015; Trevena et al., 2021) 

• ensure spatial features of visuals (e.g. height of bars, axis scales) are conventional 

and representative (e.g. avoid truncated scales) (Trevena et al., 2021) 

• Use incremental risk format showing the (risk with and without intervention displayed 

in same array  

• Depict both positive and negative outcomes within the same visual (e.g. stacked bar 

charts or icon arrays showing outcomes for the entire population) 

• assess the graph literacy of the target audience (Garcia-Retamero & Cokely, 2017) 

• validate visual aids by conducting usability studies with the target audience before 

implementation (Okan et al., 2015; Woller-Carter et al., 2012). 
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One review, based on 19 studies, concluded that the choice of a specific graphic is not as important as 

whether the graphic frames the frequency of an event with a visual representation of the total population 

in which it occurs (Ancker et al., 2006). 
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Appendix 9.4: Interview schedule for the think-aloud pilot interviews 

 
Introduction to purpose of the study and verbal consent (8 mins) 
 
Introduction of interviewers 
 
Verbal consent 
(Written consent received prior to interview)  
Reminder of the information sheet. Recap of consent form (free to withdraw, interview is recorded for 
transcription at which point it will be deleted etc.) Ask if they are happy to go ahead and start interview.  
 
Background to study 
We are interested in testing the usability of the questionnaire we have developed, it not a test of the 
user themselves, questions are based on your own opinion and there are no right or wrong answers 
 
(Recording starts here) 
 
Introduction to thinking-aloud (5 mins)  
 
Explain that we’re interested in testing the system that we’re about to present and that we’re not testing 
the user specifically 
 
Ask the participant to tell us everything they’re thinking about from the moment they read the task and 
when they complete it. 
 
Tell them that they don’t need to plan/think out what they want to say. Just act as if they’re by themselves 
Emphasize that the important thing is to keep talking 
 
Explain that if you notice long periods of silence you may interrupt and remind them to keep talking.  
 
You will not be able to respond to any questions during the observation but will happily answer any 
questions at the end of the task 
 
Warm up exercise (5 mins) 
 
To help the user get a feel for actually performing a Think-Aloud, perform an example of think-aloud 
e.g. “Please think aloud as you name how many windows are in your house?” 
 
Think-aloud tasks (20 mins) 
 
Introduction to the task: discrete choice experiments and attributes and levels included 
 
Remind participant: most important thing is to keep talking, do not worry about making sense or 
explaining what you are doing to me. Act as if you are alone and are thinking out loud as you complete 
tasks. 
 
Does the user have any questions before tasks begin? 
 
During tasks: interviewers will remain silent unless participant stops talking then probes will be used to 
encourage talking. If the user becomes frustrated, take a quick break 
 
Probes:  

- What are you thinking now? 
- Why did you choose that option?  
- What did you consider when making that choice? 
-  

Follow up questions (5 mins) 
 
How difficult did you find completing the questions? 
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Which attributes did you base your decisions on? 
Was there anything you did not understand as you were completing the task? 
Is there anything you would like to change about the way the questions were presented? 
Would you have answered differently if you were alone? 
 
Wrap up discussion (5 mins) 
 
Any further feedback or thoughts? 
Any questions? 
Thank you for completing the interview 
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Appendix 9.5: Results of think-aloud interviews used to pilot the screening DCE 

 

Findings from interviews centred around five key themes.  

 

 

i. Understanding and acceptability of the task 

 

Some participants initially struggled with format of the question and were distracted by the format and 

spotting what changed between the questions: 

 

“ I’ve got the same question up again, it looks like any way” p3 

 

“They’ve swapped back the other way… No it's definitely swapped” p2 

 

However, after an initial teething period, participants appeared to grow accustomed to the format of 

questions and credited the visual layout for aiding with decisions: 

 

“I like the way you've got them in columns so that you could flip from one to the other and easily 

compare the figures” p3 

 

“it seemed quite clear. I think it's quite a good way of putting it across” p2 

 

And the intention to trade-off between the risks and benefits appeared to be understood and well-

considered by all participants: 

 

“False negatives, meh not great. Weighing it up against the top two, which I think are going to be a 

much bigger deal, the false positives the biggest deal in my head so yeah i'd live with that for the 

trade off in the false positives”. p1 

 

“I can see where you're going with this up trying to get us to weigh up all the factors” p4 

 

The choice context also appeared to be well-integrated into the decision-making process, with most 

participants acknowledging the frequency of screening and the size of the population screened within 

the question: 

 

“first of all I'm looking at what we've got annually, so this is going to be every year for 10 years which I 

think is quite important for me so I have to kind of consider that in what my options are” p1 

 

“So out of 10,000 women. If everybody is screened, every year, for 10 years.” p5 
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Respondents appeared to use a combination of vertical (by alternatives) and horizontal (by attributes) 

comparisons when considering choice tasks: 

 

“I'm looking at the various figures for test A and test B and just comparing them for each one of the 

four categories.” p3 

 

“Right this one, 10 deaths. 994 false negatives, 16 people missing the result. Three overdiagnosis but 

you're under the 10% of false positives, its still too many, but it's better. Test B is four tenths again 

and 30 deaths, I think that's way too high.” p2  

 

The majority of participants focused on their own personal decisions, however, one participant took a 

more altruistic approach and considered the implications of the particular screening programme for a 

range of people including her children and even the budgetary consequences for the NHS: 

 

“It's so hard, I’m trying to think what would I want my daughter, when she grows up if she was at risk 

of ovarian cancer I'd be really worried about the false positive results, so I had to keep thinking about 

that in terms of where do I stand on the spectrum.” p1  

 

“That and the false positives, test A is just not worth it for so many women, especially the younger 

ones with that one, and the fact that you're only getting a 25% reduction is that worth NHS 

resources?” p1 

 

Respondents appeared to be engaged and well-motivated by the research question, drawing on 

personal experiences and considered the consequences of the decisions they made. Perhaps due to 

this investment, participants struggled at times and commented on the difficulty of their deliberations. 

However, this appeared to be due to the importance of all attributes rather than any difficulty in 

understanding:  

 

“Oh, this one's a difficult one, to choose between the higher false positives and false negatives” p3 

 

“This is a bit more tricky.” p2 

 

“Right… you’ve really thrown some hard ones in” p1 

 

Despite finding it hard to make a choice in some choice tasks, participants completed all twelve 

questions without appearing to get distracted or experience loss of focus: 

 

“Oh. That was it? Did I go through them too quickly?” p2  
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ii. Attribute understand and importance 

 

All attributes appeared to be well understood. One participant asked for further clarification on 

“overdiagnosis” during the introductory reading but appeared to understand the concept well once 

completing the tasks.  

 

Overdiagnosis appeared to be the most divisive attribute with some finding the concept highly important, 

whereas others saw it as less of an issue, with one woman stating she had largely ignored this attribute 

during deliberations: 

 

 

“Overdiagnosis is 22, I must admit that does worry me a bit the thought of having to have surgery 

unnecessarily is worrying.” p2  

 

“The overdiagnosed on that is fab, that’s great. I mean you can rest assured that you’ve got hardly 

any chance of having that happen compared to [test A], the comparison of the pair is huge and again, 

if you then end up diagnosed your treatments going to be so much more appropriate.” p1 

 

“if I had cancer, I think I'd rather have everything thrown at it than nothing.” p4  

 

“Test A has more overdiagnosis, that’s not so much of a concern really as I think I would prefer to be 

diagnosed regardless.” p3 

 

 

The magnitude of false positives appeared to be barrier for some participants, particularly at the start 

of the choice tasks:  

 

“They were all really important but the ones that catch your eye I suppose were the false positives, 

the second one down. Because of the absolutely high numbers, it tends to catch your eye more 

doesn't it?” p2 

 

“I'm still really, i'm floored by that number, over 10 years, 10,000 women, at some point that's huge, 

it's just it's almost its getting on for 50% chance of you having a false positive in 10 years, that is just 

crazy.” p1 

 

However, all participants appeared to exhibit trade-offs between two or more of the attributes in each 

choice tasks, and when asked, no women said they focused on a single attribute alone: 

 

“Weighing up the odds on there, because again that’s 10% [false positives] but then its only a quarter 

of the people that would die without the tests, I think test B again seems to be the best choice.” p2 
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“There's got to be more to it than just looking at the deaths, we've got to be thinking about what are 

my chances, if I got diagnosed, of not having lots of horrific unnecessary treatments.” p5 

  

  

Overall, women appeared to have a good grasp on the meaning of all the attributes and considered 

the underlying consequences of each of the benefits and harms rather than solely focusing on the 

differences in numbers:  

 

“I was very aware of what the consequences were. I mean with false positive you're likely to have 

surgery, that is unnecessary or follow up tests that are unnecessary. With the false negatives, you 

may not have the treatment that you need in time to save your life.” p3 

 

“Overdiagnosed, zero brilliant. So the chances of going through treatment when it's not necessary, 

fab!” p1 

 

iii. Interpretation and presentation of risk information 

 

All interview respondents converted the raw figures used to describe levels into percentages, fractions 

and/or ratios whilst completing choice tasks and were able to do so with minimal mistakes. When asked, 

four of the five women acknowledged they were comfortable working with numbers but suggested 

others may experience problems. One woman explained that due media coverage of the COVID-19 

pandemic she now felt more comfortable with these kinds of statistics:  

 

“I think people understand a “1 in 4”. You know with all this covid that we've had over the last two years 

and we've had all these quotes thrown at us and its something I’m becoming familiar with.” p1 

 

Participant 3 expressed the most difficultly (despite not making any mistakes) and suggested the 

inclusion of percentages may help:  

 

“I would have liked to have seen the numbers but say in brackets at the side the percentage, and then 

perhaps with an Asterix saying per 10,000 or compared to the number with no screening. I think that 

would explain it more rather than having to work it out yourself.” p3 

 

“I couldn't do the percentages for the false positives my brain doesn't work that well.” p3  

 

Participants all varied in their approach to risk interpretation and often used several approaches as they 

compared different attributes. For instance, mortality reduction was often interpretated as a risk 

reduction compared to the no screening option:  
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“This one is equal on the deaths of 50% of the no screening” p3 

 

“It reduces the number of ovarian cancer deaths by about 50%” p4 

 

“Test A is definitely better than test B on the ovarian cancer deaths, knocking down to 75% less deaths.” 

p1 

 

However, given the remaining attribute levels for the no screening alternative were set to zero, risks for 

remaining attributes tended to focus on difference between the two test alternatives.  

 

Interesting, the magnitude of false positives appeared to lead people to focus more on the time scale 

and/or number of people screened: 

 

“Yeah I think both, I think 2000 and 3000 false positive results is too many out of that many people.” 

p4 

 

“I think it would totally put my mind, a lot more at rest about having that test, knowing that I’ve got 

such a lower false positive result chance, which is still not, I mean its still over 10 years, a 1 in 10 

chance but it's so much better than test A.” p1 

 

Whilst comparisons of attributes with smaller levels were typically compared in the raw format with little 

reference to the wider population:  

 

“Test A seven false negatives and test B 16. None with no screening.” p2 

 

“False negatives, are very similar at 10 and 13” p5 

 

“7 and the 11 on overdiagnosis its still quite similar and quite high” p2 

 

iv. No screening alternative 

 

Attitudes towards the no screening alternative varied across participants. One participant appeared to 

adopt a neutral attitude towards screening from the outset of the task (quote)  

 

However, remaining participants expressed favourable opinions about screening which impacted their 

willingness to select the opt-out alternative even where expressing displeasure at both options:  

 

“I was very tempted to say I wouldn't be screened but I’m, like I say I would, I feel that we should be 

screened for it really.” p2 
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“It makes me question. Is it worth a yearly screening test? is it worth that not just for me, but for the 

NHS and the cost.” p1 

 

“You’ve just totally thrown me because I’m looking at the false positives and thinking yeah but that's 

over 10 years, a third of women are going to get told its positive to go through all that and then find 

out they’re not. That’s too great a figure, that's just not what you want, is it worth doing that?” p1 

 

“There doesn't seem to be a huge advantage in taking a test.” p3 

 

“I think.I would go for test B because I think it would be an important thing to be tested but it's still 

quite worrying the amount of false positives and overdiagnosed ones.” p2 

 

One of these participant even outright stating they had chosen to ignore that option: 

 

“I’m ignoring the no screening because to me it that is a no brainer.” p3 

 

But later acknowledged this reluctance caused them to behave counterintuitively or inconsistently as 

tasks progressed (contradictory): 

 

“I’ll choose test B, that may seem to be counter to what I’ve already chosen but that, that feels right.” 

p3 

 

In total, just two of the women selected the “no screening” alternative during the survey but showed 

reluctance in doing so:  

 

“That's difficult. I’m on one that believes in screening for different thing if it saves lives but it's hard to 

decide over those.” p2 

 

“I think I would choose no screening there, I know I said before, I think we should have screening and 

but that's a very high amount of false positives.” p2 

 

v. Missing contextual information 

 

Throughout the survey, participants highlighted additional information they felt essential to their 

decision-making. The absence of this information, often meant women were required to make 

assumptions in order to facilitate decision-making.  

 

One participant struggled to interpret mortality reduction without the underlying knowledge of how 

many people per 10,000 were diagnosed: 
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“I'd love to know what the actual figures of what the cancer rate is compared to that [deaths]” p1 

 

Once told this information after completing tasks, they indicated their answers would have differed on 

the basis of this knowledge: 

 

“Once you say that to me, and you said, there are 70 per 10,000. That over half of them will die 

(without screening) that is, in my mind significant…. yeah there's definite reasons for me to know that 

that's my risk, it’s not 40 my risk is 60% of dying if it's not detected and put in that context that means 

a lot more to me.” p1 

Two participants both made assumptions about their personal risk of cancer and expressed a desire to 

know this information before committing to screening. Both stating their decisions were subject to 

change based on increased knowledge of risk factors: 

 

“I’d want to know what are my risks, me personally, before I even look at this where are my risks is 

there some sort of checklist or questionnaire?” p5 

 

“I put a caveat on that of being somebody that’s at really high risk that needs to have be part of the 

screening program was my caveat.”  p1 

 

Finally, another participant became confused between screening and diagnostic testing, referring to 

those experiencing symptoms and leading the participant to become concerned about the poor 

performance of the tests described by the hypothetical scenarios.  

 

“if you’re waltzing round and think you've got, I don’t know, either IBS or bad case of constipation or 

things, I believe you get bloated don’t you? And you're walking around thinking that or even that is 

menopause or something like that.” p2 

 

This highlighted the need for further clarity about the purpose of screening and the importance of the 

debriefing information provided at the end of the study.  
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Appendix 9.6: Key socio-demographic characteristics of pilot study respondents 

 

Characteristic n (%) 

Age 
Mean (SD) 
Range 

 
52.0  (9.1) 

 40-74 

Ethnicity, n (%) 
White  
Other 
Prefer not to say 

 
36 (90) 
4 (10) 

- 

Previously tested for ovarian cancer, n (%) 
Yes 
No 
Don’t know  

 
5 (13) 

35 (88) 
- 

Self-reported health, n (%) 
Very good 
Good 
Fair 
Poor 
Very poor 
Prefer not to say 

 
5 (13) 

21 (53) 
10 (25) 
4 (10) 

- 
- 
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Appendix 9.7: Ngene syntax used to generate the Bayesian Efficient experimental 
design used in the final DCE study 

 
design 

;alts = alt1*, alt2*, optout 

;rows = 12 

;eff = (mnl, d, median) 

;bdraws = sobol(100) 

;model : 

U(alt1) = bmortality[(n,-0.03,0.04)] * mortality[10,20,30] + bFP[(n,-

0.001,0.0003)]* FP[1000, 2000, 3000, 4000] + bFN[(n,-0.12,0.06)]* 

FN[3,7,10,13,16,20] + bOD[(n,-0.060,0.037)]* OD[0,3,7,10,13,16]/ 

U(alt2)= bmortality          * mortality                  + bFP        * FP                 

+ bFN        * FN                + bOD      * OD/ 

U(optout)= b3[(n,-3.77,2.43)] 

$ 
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Appendix 9.8: Final version of the screening DCE survey instrument 

 

Women's preferences towards ovarian cancer 
screening 

  
INFORMATION SHEET FOR PARTICIPANTS 

  
VERSION NUMBER [4]: DATE [02/12/21] 

  
Thank you for showing an interest in this survey. Please take time to read the following 
information carefully before deciding whether or not to take part. 
  
What is the aim of the project? 
Ovarian cancer is the 6th most common cancer in women in the UK. A screening test for 
ovarian cancer (similar to cervical screening or 'smear test') could help to identify the 
disease earlier and improve survival outcomes. Research to develop a suitable screening 
test is ongoing but it important to make sure any potential test is acceptable to patients and 
the public. In this study we would like to understand the attitudes and preferences of 
womena and people with ovaries towards a hypothetical test for ovarian cancer.  In 
particular, we want to learn what characteristics of diagnostic testing are most important. 
  
Why have I been invited to take part? 
We are approaching you because we are seeking responses from women and people with 
ovaries over the age of 40. You do not need to have any prior knowledge of ovarian cancer 
and you do not have to have been previously tested for ovarian cancer to take part in the 
study. You must be able to complete the survey in English to take part. Please do not take 
part in this survey if you have ever undergone a procedure to remove both of your 
ovaries. 
  
What will I be asked to do? 
Should you agree to take part, you will be asked to complete a survey lasting around 15 
minutes. During the survey you will be shown descriptions of two different medical tests and 
asked which test you would prefer to have. In total, we will ask you about 6 pairs of tests. At 
the end of the survey we will ask you some additional questions about yourself. This will help 
us to better understand how attitudes might vary from person to person. 
  
What are the possible disadvantages and risks of taking part? 
Participating in the research is not anticipated to cause you any disadvantages or 
discomfort. Some questions may be considered sensitive, however, you do not have to 
provide responses to any questions you feel uncomfortable answering. During the survey 
you will be asked to imagine you might have cancer, for some this may cause anxiety. 
  
Will I be paid? 
You will receive a payment of £2.00 for completing the survey. Payments will be paid directly 
into your Prolific account within 10 working days. 
  
Please note: In order to receive the payment you must complete the full survey and click the 
completion link at the end of the survey. To ensure responses are high quality, an “attention 
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check” question has been included within the survey. You must correctly complete this 
question to receive payment.  
  
Can I change my mind and withdraw from the project? 
If you decide you no longer wish to take part during the survey, simply exit the webpage to 
withdraw. Your incomplete responses will be permanently deleted. If you decide to withdraw 
after submitting your responses, please contact us via your Prolific account or directly by 
email. You can withdraw from the study for up to 14 days after completion and do no not 
have to give a reason. After 14 days it may no longer be possible to withdraw your 
submission because anonymization will mean we cannot link responses to individual 
participants. 
  
Is the survey confidential? 

All your answers to the survey are completely confidential and anonymous. You will not be 
asked your name or any other identifying information. Your responses will be securely stored 
on an encrypted password protected computer and managed according to a law called the 
Data Protection Act (2018). Your anonymised data will be stored for a period of five years. 
  
In line with the Cancer Research UK data sharing guidelines, your data may be shared with 
other researchers in the future at our discretion. Any shared data will be fully anonymised. 
For more information: https://www.cancerresearchuk.org/funding-for-researchers/applying-
for-funding/policies-that-affect-your-grant/submission-of-a-data-sharing-and-preservation-
strategy/data-sharing-guidelines 
  
The results of the study may be published in academic journals or conferences but any 
included data will not be individually identifiable. 
  
The University of Exeter processes personal data for the purposes of carrying out research 
in the public interest. The University will endeavour to be transparent about its processing of 
your personal data and this information sheet should provide a clear explanation of this.  If 
you do have any queries about the University’s processing of your personal data that cannot 
be resolved by the research team, further information may be obtained from the University’s 
Data Protection Officer by emailing dataprotection@exeter.ac.uk or 
at www.exeter.ac.uk/dataprotection 
  
What if I have any questions? 
If you have any questions about our project, either now or in the future, please feel free to 
contact Rebekah Hall by emailing rh591@exeter.ac.uk 
  
Complaints 
If you have any complaints about the way in which this study has been carried out please 
contact the Chair of the College of Medicine and Health Research Ethics Committee:- 
  
Mark Tarrant, PhD           
Chair of the CMH Research Ethics Committee 
Email: cmhethics@exeter.ac.uk 
  

This project has been reviewed and approved by the 
University of Exeter College of Medicine and Health Research Ethics Committee (REF 

NUMBER: 20/09/261) 

https://www.cancerresearchuk.org/funding-for-researchers/applying-for-funding/policies-that-affect-your-grant/submission-of-a-data-sharing-and-preservation-strategy/data-sharing-guidelines
https://www.cancerresearchuk.org/funding-for-researchers/applying-for-funding/policies-that-affect-your-grant/submission-of-a-data-sharing-and-preservation-strategy/data-sharing-guidelines
https://www.cancerresearchuk.org/funding-for-researchers/applying-for-funding/policies-that-affect-your-grant/submission-of-a-data-sharing-and-preservation-strategy/data-sharing-guidelines
mailto:dataprotection@exeter.ac.uk
http://www.exeter.ac.uk/dataprotection
mailto:rh591@exeter.ac.uk
mailto:cmhethics@exeter.ac.uk
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 Consent Form 
 

• I understand that my participation is voluntary and that I am free to withdraw for up to 14 days 
without giving any reason and without my legal rights being affected. 

 

• I understand that my data from the study will be fully anonymised and will be looked at by 
members of the research team and may potentially be shared with other researchers in future 
if appropriate. 

 

• I understand that relevant sections of the data collected during the study may be looked at by 
individuals from the University of Exeter, Cancer Research UK or regulatory authorities for 
audit purposes 

 

• I understand that the results of the study may be published in academic journals but my 
anonymity will be preserved 

 

• I understand that my anonymised data will be securely stored on an encrypted password 
protected computed for a period of five years. 

 

• I understand that in order to receive payment for this survey I must complete the full survey 
and click the link at the end of the survey. I must also correctly complete an attention check 
question randomly placed within the survey. 

  

I confirm that I have read the information above and agree to take part in the 
study: 

Yes 

No 
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Appendix 10.1:  Health-related characteristics of respondents completing the 

ovarian cancer screening DCE survey 

Characteristic  

Perceived risk of ovarian cancer, n (%) 
Very low  
Low  
Average  
High  
Very high  
Don’t know  

 
12 (5%) 
45 (18%) 
149 (60%) 
22 (9%) 
1 (0.4%) 
21 (8%) 

Ovarian cancer-related worry, n (%) 
A great deal  
A lot  
A moderate amount  
A little  
Not at all  

 
6 (2%) 
13 (5%) 
46 (18%) 
108 (44%)  
76 (30%) 

Confidence to recognise OC symptoms, n (%) 
1-Not at all 
2 
3 
4 
5-Extremely confident 

 
74 (30%) 
118 (47%) 
36 (14%) 
20 (8%) 
2 (1%) 

Symptom recognition, n (%) 
Feeling constantly bloated  
Swollen tummy  
Discomfort in your tummy  
Persistent indigestion or feeling sick  
Discomfort in your pelvic area  
A change in bowel habits  
Back pain  
Pain during sex  
Feeling full quick or loss of appetite  
Feeling tired all the time  
Unintentional weight loss  
Needing to urinate more often or more urgently that usual  
None  

 
149 (60%) 
143 (57%) 
136 (54%) 
55 (22%) 
169 (68%) 
77 (31%) 
105 (42%) 
103 (41%) 
76 (30%) 
118 (47%) 
151 (60%) 
85 (34%) 
29 (12%) 

Personal history of cancer, n (%) 22 (9%) 

Knew someone who was diagnosed with ovarian cancer, n (%) 41 (16%) 

Previously tested for ovarian cancer, n (%) 26 (10%) 

Cervical cancer screening attendance, n (%) 
Attends every time 
Attends sometimes 
Used to attend but stopped 
Never attended  

 
157 (63%) 
35 (14%) 
47 (19%) 
11 (4%) 

Breast cancer screening attendance, n (%) 
Attends every time 
Attends sometimes 
Used to attend but stopped 
Never attended 
Not eligible 

 
52 (21%) 
3 (1%) 
13 (5%) 
13 (5%) 
169 (68%) 

Self-reported overall health, n (%) 
Very good  
Good 
Fair 
Poor  
Very poor  

 
34 (14%) 
124 (50%) 
77 (31%) 
14 (6%) 
1 (0.4%) 
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Appendix 10.2: Multinomial logit model used to assess the functional form of 
attributes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Coeff. 

[95% confidence 
interval] 

Ovarian cancer deaths 

10 per 10,000  Ref - - 

20 per 10,000   -0.76*** -1.00 -0.51 

30 per 10,000   -1.79*** -2.08 -1.49 

False negatives 

3 per 10,000 Ref - - 

7 per 10,000   -0.62*** -0.93 -0.32 

10 per 10,000   -0.34** -0.65 -0.02 

13 per 10,000   -0.87*** -1.16 -0.59 

16 per 10,000   -1.34*** -1.72 -0.96 

20 per 10,000   -1.16*** -1.64 -0.68 

False positives 

1000 per 10,000  Ref - - 

2000 per 10,000   -1.00*** -1.26 -0.74 

3000 per 10,000   -1.40*** -1.69 -1.11 

4000 per 10,000   -1.92*** -2.42 -1.42 

Overdiagnosed cancers  

0 per 10,000  Ref - - 

3 per 10,000 0.05 -0.21 0.31 

7 per 10,000     0.82*** 0.31 1.33 

10 per 10,000 0.42 -0.10 0.94 

13 per 10,000 -0.19 -0.42 0.03 

16 per 10,000     -0.76*** -1.04 -0.47 

Alternative-specific constants 

Neither test    -2.54*** -3.02 -2.07 

ASC_B    -0.11*** -0.20 -0.01 

Model fit statistics 

LL -2837.09 

Observations 9,000 

N 250 

Key: ***significant at 99% confidence level; **significant at 95% confidence level; 
*significant at 90% confidence level 
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Appendix 10.3: Attribute coefficient plots used to visually assess the functional form of attributes 
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Appendix 10.4: Mixed logit model excluding respondents who failed the rationality 
check (n=12) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Coeff. 
95% confidence 

interval 
SD 

Ovarian cancer deaths -0.14*** -0.12 – [-0.16] 0.10*** 

False negatives -0.06*** -0.04 – [-0.07] 0.05*** 

False positives -0.00*** -0.00 – [-0.00] 0.00*** 

Overdiagnosed cancers -0.06*** -0.05 – [-0.07] 0.04*** 

Neither test -2.33*** -1.57 – [-3.02] 5.31*** 

Model fit statistics 

LL -1803.12 

Observations 8,568 

N 238 

Key: ***significant at 99% confidence level; **significant at 95% confidence level; *significant at 90% 
confidence level 
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Appendix 10.5: Model fit statistics for alternative latent class models with 2-7 classes.  

A 5-class model performed best in terms of AIC and CAIC whereas a 7-class model performed best in 
terms of log-likelihood and BIC. A five-class model was ultimately chosen based on the class 
membership percentages and sample size.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Number of 
classes 

AIC BIC CAIC LL 

2 4312.24 4358.02 4371.02 -2143.12 

3 4081.14 4151.57 4171.57 -2020.57 

4 3905.66 4000.74 4027.74 -1925.83 

5 3872.25 3991.98 4025.98 -1902.12 

6 3857.57 4001.95 4042.95 -1887.78 

7 3828.54 2997.57 4045.57 -1866.27 
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Appendix 11.1:    Diagnostic DCE willingness to accept estimates adjusted for different combinations of attribute non-attendance  

P-value from ANOVA analysis comparing WTA estimates based on different attendance patterns are shown in brackets. 
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Appendix 11.2: Screening DCE: WTA estimates based on difference attribute 
attendance patterns  

 
Shown WTA estimates assume full attendance of the mortality attribute. This represents the 
majority of participants in all instances. However, all possible attendance patterns were 
calculated and analysed for differences. 
 
T-tests found no significant differences in WTA estimates for any attribute according to 
question frame for any attribute attendance pattern. 
 
ANOVA tests were used to identify differences in WTA estimates based on attribute 
attendance patterns within question frames. Significant differences were found in all instances 
with exception of estimates of the willingness to accept overdiagnosed cancers in exchange 
for a reduction in ovarian cancer mortality (p=0.13). 
 
Estimates show the WTA harms in exchange for a 1-person reduction in ovarian cancer 
mortality per 10,000 people screened. 
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