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Abstract 

Background: Evidence from discrete choice experiments (DCEs) can be used to enrich 

understanding of preferences, inform the (re)design of screening programs and/or improve 

communication within public campaigns about the benefits and harms of screening. However, 

reviews of screening DCEs highlight significant discrepancies between stated choices and 

real choices, particularly regarding willingness to undergo cancer screening. The identification 

and selection of attributes and associated levels is a fundamental component of designing a 

DCE. Misspecification or misinterpretation of attributes may lead to non-compensatory 

behaviours, attribute non-attendance and responses that lack external validity. 

 Objectives: To synthesise evidence on attribute development, alongside an in-depth review 

of included attributes and methodological challenges, to provide a resource for researchers 

undertaking future studies in cancer screening. 

Methods: A systematic review was conducted to identify DCEs estimating preferences 

towards cancer screening, dated between 1990 and December 2020. Data were synthesised 

narratively. In-depth analysis of attributes lead to classification into four categories: test-

specific, service delivery, outcomes and monetary. Attribute significance and relative 

importance were also analysed. The International Society for Pharmacoeconomics and 

Outcomes Research (ISPOR) conjoint analysis checklist was used to assess the quality of 

reporting. 

Results: Forty-nine studies were included at full-text.  They covered a range of cancer sites: 

over half (26/49) examined colorectal screening. Most studies elicited general public 

preferences (34/49). In total, 280 attributes were included, 90% (252/280) of which were 

significant. Overall, test sensitivity and mortality reduction were most frequently found to be 

the most important to respondents.  

Conclusions: Improvements in reporting the identification, selection and construction of 

attributes used within cancer screening DCEs are needed. This review also highlights the 
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importance of considering the complexity of choice tasks when considering risk information or 

compound attributes. Patient and public involvement and stakeholder engagement are 

recommended to optimise understanding of unavoidably complex choice tasks throughout the 

design process. To ensure quality and maximise comparability across studies, further 

research is needed to develop a risk of bias measure for DCEs. 
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Key points for decision makers 

• Discrete choice experiments assessing preferences towards cancer screening are 

increasingly popular, however, discrepancies between stated choices and observed 

screening behaviour exist. 

• Test-specific and service delivery attributes were included most often across studies 

and test sensitivity, mortality reduction and time since last test were most likely to be 

most important to respondents. 
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• Methodological choices during the design stage of preference-based studies should 

be made carefully and reported rigorously since decisions relating to attribute 

development can influence study results 

1. Introduction  

Screening for breast, cervical and colorectal cancer increases the likelihood of early detection, 

leading to improved treatment options and a better prognosis: national screening programmes 

are an effective way to tackle these cancers [1, 2]. However, the effectiveness of universal 

screening programmes in maximising health gains and reducing mortality relies on the 

willingness of individuals to participate. Screening rates remain internationally low, 

inconsistently meeting participation targets [3, 4]. They are even declining in some instances 

[5]. Uptake is affected by sociodemographic factors such as age, gender, ethnicity and income 

[6, 7] but it is also possible that low levels of engagement are influenced by disparities between 

current screening policies and the preferences of the target population. 

The role of preferences in healthcare decision-making has gained attention in recent years, 

with shared-decision making central to the NHS in the UK [8]. Preferences are particularly 

important where there are multiple effective treatment options available, each with different 

and competing risks and benefits [9]. This is relevant to many cancer screening services, 

particularly colorectal cancer, where at least five different modalities have been shown to be 

cost-effective [10]. Discrete choice experiments (DCEs) have become an increasingly popular 

method to measure preferences that are otherwise unobservable in everyday life [11]. DCEs 

are particularly useful with their ability to assess trade-offs between health outcomes (e.g. 

quality of life, mortality reduction) and other factors associated with interventions such as test-

specific characteristics (e.g. specificity, modality) and broader aspects of service delivery (e.g. 

gender of the health care provider, results delivery method) [12]. Consideration of attributes 

beyond immediate health outcomes is particularly relevant to cancer screening, which relies 
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on active engagement from asymptomatic individuals that may offer no immediate benefit (i.e. 

for many, tests will be normal) but have associated financial, physical or time constraints. 

DCEs require respondents to state their choice between a series of hypothetical alternatives 

consisting of different combinations of attributes which describe key characteristics of, in this 

example, cancer screening programmes. Respondents’ choices are used to infer the value, 

expressed as utility scores, associated with each attribute, and the willingness to make trade-

offs between the attributes incorporated in the experiment [13]. The identification and selection 

of attributes and associated levels is a fundamental component of designing a DCE; 

inadequate selection can lead to omitted variable bias, whereby stated choices do not reflect 

real life choices. Current guidance emphasises the importance of the attribute selection 

process and the need to strike a balance between the interests of the target population and 

relevance to the research or policy question of interest [14, 15].  However, within the literature, 

performing and reporting of attribute selection is often relatively neglected [16]. 

Existing systematic reviews largely focus on the clinical implications of DCE findings and 

suggestions on how to implement findings in policy decisions [17-21]. In contrast, 

methodological issues of attribute identification, selection, construction (e.g. assignment of 

levels, type and complexity of attributes) and how these impact on cognitive burden, have not 

been explored in detail.  Previous reviews also differ considerably in terms of the scope of 

their search strategies and the application of quality assessment, due to narrow review aims, 

for instance in terms of search dates or cancer type, with three reviews focusing exclusively 

on studies relating to colorectal cancer [17, 18, 20]. Existing reviews synthesise studies 

published prior to 2015; given the growth in DCE publications in recent years [11], this review 

provides an update using a rigorous search strategy covering seven databases using the 

expertise of an information specialist. In particular, this review aims to provide a summary of 

the current methods used to identify and select attributes relating to cancer screening, 

alongside an in-depth review of included attributes and methodological challenges, serving as 



6 
 

a resource for researchers undertaking future studies on cancer screening to design future 

preference-based studies on cancer testing.  

 

2. Methods 

A systematic review was performed in line with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) Statement [22]. The protocol was registered with 

PROSPERO before the data extraction stage (CRD42019153834).  

2.1 Inclusion and Exclusion criteria 

Studies were included if they reported in English a DCE regarding the preferences for 

screening of any type of cancer within an asymptomatic population. Studies of symptomatic 

individuals were classified as diagnostic testing and were excluded. Also excluded were 

studies using alternative preference-elicitation methods such as ranking/rating or time trade-

off, as were review papers, commentaries, letters, abstracts or papers that performed 

secondary analyses on previously reported, and already identified, DCE studies. 

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 used seven relevant 

databases; MEDLINE, Embase, PsycINFO, HMIC, Web of Science, EconLit and NHS EED 

using previously validated search terms relating to ‘discrete choice experiments’ [13]. 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’.  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 the Electronic Supplementary Material 1 (ESM). To avoid excluding 

relevant studies, searches were not further narrowed using terms related to ‘screening’; 

instead this was done manually during the screening stage. The references and forward 

citations for studies included at full-text stage were also searched for additional studies.  
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2.3 Study identification 

Study selection was performed by two independent reviewers (RH, NM/AML) 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 a third researcher when 

necessary.  

2.4 Data Extraction 

Data extraction was performed by a single reviewer (RH) using Microsoft Excel and the results 

then verified by a second reviewer (AML). Data were summarised in a narrative synthesis 

since meta-analysis was not possible due to heterogeneity in study design and methods.  

2.4.1 In-depth attribute analysis 

First, data relating to the number of attributes and levels and selection methods were 

extracted. Next, attributes from each study were extracted and classified. These can be 

classified in a number of ways; firstly, under the extra-welfarist approach [23, 24] attributes 

may be categorised as relating to ‘outcomes’ or ‘process’, an approach taken in previous 

reviews [25]. Alternatively, attributes may be seen as relating to ‘health outcomes’ and ‘non-

health outcomes’ [26]. Given the multifaceted nature of cancer screening, and the likely 

importance and frequency of attributes beyond outcomes, neither approach perfectly met the 

purposes of our analysis. Instead, we created our own classification system consisting of four 

categories: (1) outcome attributes (e.g. mortality reduction and adverse events); (2) test-

specific attributes (e.g. test procedure, sensitivity and preparation); (3) service-delivery 

attributes (e.g. screening interval, location and staffing); (4) monetary attributes (e.g. costs 

and remuneration). Information relating to the complexity (in particular, the inclusion of a risk 

and/or time elements), significance and influence of attributes was also extracted.  
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Finally, the most important attribute(s) from each study was extracted. Where authors did not 

explicitly state the most important attribute, the ‘range method’ recommended by the ISPOR 

Conjoint Analysis Good Research Practices Task Force was used to infer the relative 

importance of attributes [27].   

2.5 Quality assessment 

Methods for assessing the quality of DCEs are an ongoing area of methodological 

development. As such, we followed previous reviews [17, 28] and adapted the ISPOR [15] 

checklist in order to critically appraise the studies identified within this review. The checklist 

was initially designed as a guide to good research practices and reporting for the design and 

implementation of DCEs and consists of 10 domains essential for conducting high quality 

DCEs. Each domain contains 3 sub-questions and studies were assigned a score 1 for each 

sub-question where the criteria was met and 0 if unfilled or unclear, giving a maximum score 

of 30. Since the checklist has been adapted for our purposes, 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.   

3. Results 

Study selection is shown in the PRISMA diagram in Fig. 1 Once duplicates were removed, 

there were 1,620 studies. After screening titles and abstracts, 1,526 were excluded, leaving 

94 studies to be screened at full-text. During the full-text screening stage, 47 studies were 

excluded. Two additional studies were found through manual searches of reference lists and 

forward citations, meaning 49 studies were included in this review.  

3.1 Quality of reporting assessment 

Scores ranged from 12 to 28 (mean=23) out of 30 (see ESM 2). Common issues related to 

the reporting and justification of sample size calculations (27/49; 55%), experimental design 

(30/49; 61%) and model estimation methods (27/49; 55%). In many instances, it was hard to 

differentiate between poor practice and a lack of detail in reporting. Questions relating to 
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evidence-based attribute and level selection were generally well-fulfilled (Question 2) 

indicating methods were clearly reported and justified. Assessing the appropriateness of 

attribute presentation was more difficult since access to survey instruments was often limited 

and the wording and definitions used in manuscripts often differed from what was shown to 

respondents.  

 

 

 

 

 

 

 

 

 

 

Fig 1: PRISMA diagram for systematic review adapted from Moher, et al. 
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3.2 Study characteristics 

Key study characteristics are summarised in Table 1. Cancer screening DCEs have increased 

with over 40% (21/49) of studies being published in the last five years. Studies were primarily 

clustered around five countries: Australia (12/49; 24%) [29-40], USA (9/49; 18%) [35, 36, 41-

47], Netherlands (8/49; 16%) [48-55], UK (7/49; 14%) [56-61] and France (7/49; 14%) [62-68]. 

Studies commonly examined cancer sites with clear existing evidence supporting the efficacy 

of population-based screening (e.g. cervical 11/49; 22% [32, 34, 56, 60, 64, 68-73], breast 

8/49; 16% [30, 47, 61, 64, 66, 73-75]), with colorectal cancer being the most common (26/49; 

53%). The remaining studies considered prostate [35, 37, 50, 67], oesophageal [55] and skin 

cancer screening [38, 40] where the potential benefits and harms of national screening 

programs are debated [76]. More than half (27/49) compared preferences for multiple 

screening options, most commonly when considering colorectal cancer, where the dominance 

of a single modality is unclear. The remaining 22 studies explored preferences for a single 

screening modality: these studies typically related to screening programs where there was an 

established modality with no close alternatives, such as the use of mammograms for breast 

cancer screening.  

DCEs typically collected preferences of a single population (42/49; 86%), most frequently the 

general public with mixed prior experience of screening (36/49; 73%), followed by HCPs 

(10/49; 20%) [41, 51, 52, 60, 61, 66, 67, 70, 74, 77] with patients (9/49; 18%) [29, 30, 33, 34, 

38, 40, 70, 72, 77] being considered least often. The target population of each study was 

reported and classified according to the authors’ own definition; therefore the definition of 

“patients” varied and included those attending screening appointments or purchasing tests 

[29, 30, 33, 34, 38, 40, 70] and those attending appointments for other reasons [72, 77]. 

Notably no studies exclusively elicited the preferences of cancer patients.  

Sample size calculations were described in less than half of studies (24/49; 49%). Final 

sample sizes varied from 38-2067 with 45% (22/49) of studies having a sample size between 

201-500 participants. For the most part, data were collected using a self-completed survey 
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administered online (22/49; 45%) and/or by post (19/49; 39%) with just twelve studies (27%) 

opting to collect data face-to-face [31, 43, 45, 57, 59, 69-75]. Response rates were described 

inconsistently across studies varying from 5-89% where reported. Self-completed 

questionnaires encountered lower response rates than interview-administrated studies.  

Piloting or pre-testing was reported in 41 studies, with the purpose of testing explicitly reported 

in the majority of studies. However, the methods used during pre-testing were reported in only 

27 studies [30, 33, 35-37, 40, 45-49, 51, 52, 54-61, 65-68, 71, 73-75, 78]. The validity or quality 

of responses was explicitly verified in 27 (55%) studies using rationality check questions, most 

commonly  by including a choice task with a dominant alternative to check for non-satiation 

(18/49; 37%) [31, 37, 41-44, 48-50, 55-59, 61, 67, 72, 78]. Further details of each study are 

found in ESM 3. 

Table 1: Study characteristics 

Characteristic  n (%) References 

Year of publication 2000-2005 4 (8%) [29-31, 56] 

2006-2010 9 (18%) [32, 33, 41, 48, 49, 62, 63, 69, 78] 

2011-2015 15 (31%) [34-37, 42-44, 50-53, 57-59, 70] 

2016- present 21(43%) [38-40, 45-47, 54, 55, 60, 61, 64-68, 71-
75, 77] 

Country* Australia 12 (24%) [29-40] 

Canada 2 (4%) [41, 78] 

France 7(14%) [62-68] 

Netherlands 8 (16%) [48-55] 

UK 6 (12%) [56-61] 

USA 9 (18%) [35, 36, 41-47] 

Other 8 (16%) [69-75, 77] 

Cancer site and 
intervention(s)* 

Breast 8 (16%)  

Mammogram 7 (14%) [30, 47, 61, 64, 66, 73, 75] 

Other 2 (4%) [74, 75] 

Cervix 11 (22%)  

Standard care/Pap-smear 9 (18%) [32, 34, 56, 60, 64, 68, 69, 71, 73] 

Liquid-based cytology 3 (6%) [32, 34, 56] 

                Human papillomavirus (HPV) testing 2 (4%) [32, 72] 

Self-sampling 3 (6%) [60, 68, 70] 

Other 2 (4%) [32, 70] 

Colon 26 (53%)  

                 Faecal occult blood test (FOBT) 22 (45%) [29, 31, 33, 36, 39, 41-46, 48, 49, 51-53, 
62-65, 77, 78] 

                 Faecal Immunochemical Test (FIT) 5 (10%) [39, 46, 49, 54, 77] 

Colonoscopy 10 (20%) [36, 41-46, 48, 77, 78] 

CT colonography 10 (20%) [36, 41-45, 57-59, 78] 

Sigmoidoscopy 10 (20%) [36, 42-46, 48, 49, 77, 78] 

Barium enema 3 (6%) [41, 77, 78] 

Blood test 4 (8%) [39, 51, 52, 63] 

Other 3 (6%) [39, 53, 77] 

Oesophagus   1 (2%)  

Upper endoscopy 1 (2%) [55] 

Nasal endoscopy 1 (2%) [55] 

Pill on a string 1 (2%) [55] 

Breath test 1 (2%) [55] 

Blood test 1 (2%) [55] 

Prostate 4 (8%)  
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               Prostate-specific antigen (PSA) test 4 (8%) [35, 37, 50, 67] 

Skin 2 (4%)  

Teledermoscopy 2 (4%) [38, 40] 

Self-examination 2 (4%) [38, 40] 

Examination by professional 2 (4%) [38, 40] 

Population* General public- mixed experience 36 (73%) [31-33, 35-37, 39-46, 48-60, 63, 66, 67, 
69, 71, 73-75, 78] 

General public- Screening naïve only 1 (2%) [60] 

Patients/ previously screened individuals only 9 (18%) [29, 30, 33, 34, 38, 40, 70, 72, 77] 

Healthcare providers 10 (20%) [32, 41, 47, 57, 59, 62, 64, 65, 68, 69] 

Sample size* < 50 2 (4%) [38, 45] 

50-100 7 (14%) [30, 41, 42, 47, 57, 59] 

101-200 8 (16%) [32, 40, 43, 44, 49, 64, 68] 

201-500 22 (45%) [29, 31, 32, 35, 36, 48, 50, 54, 60, 62, 64, 
65, 69-75, 77] 

501-1000 9 (18%) [37, 48, 51, 55, 56, 58, 63, 66, 78] 

>1000 8 (16%) [33, 39, 41, 46, 51, 53, 61, 67] 

Response rate (%)* <20 5 (10%) [47, 60, 61, 65, 68] 

20-50 13 (27%) [30, 39, 40, 42, 48-50, 55, 56, 62, 63] 

51-80 16 (33%) [29, 31, 33, 44, 46, 49, 51-53, 57-59, 64, 
66, 78] 

>80 7 (14%) [35-37, 43, 57, 64, 75] 

Not stated 12 (24%) [32, 34, 41, 45, 54, 67, 69, 71-74, 77] 

Survey administration 
method* 

Self-completed- online 22 (45%) [35-41, 46, 47, 51-54, 57-61, 64, 66-68] 

Self-completed- postal 18 (37%) [29, 30, 32, 33, 38, 39, 42, 48-50, 55, 56, 
60, 62, 63, 65, 68, 78] 

Interview-led/ in-person 12 (24%) [31, 43, 45, 57, 59, 69-75] 

Not specified 1 (2%) [77] 

Attribute selection 
methods* 

Literature review/ existing literature 39 (80%) [30, 32, 33, 35-38, 41-55, 60-68, 70, 71, 
73-75, 77, 78] 

Expert opinion 17 (35%) [37, 41, 43, 45, 48-50, 54, 55, 61-63, 67, 
70, 71, 77, 78] 

Interviews with target population 15 (31%) [37, 44, 47-50, 60, 61, 64, 66, 68, 71, 73-
75] 

Focus groups with target population 10 (20%) [29, 31, 41, 54, 55, 66, 69, 70, 73, 78] 

Previous work by authors  7 (14%) [34-36, 38, 40-42] 

None or authors assumptions only 4 (8%) [56-59] 

Other 7 (12%) [31, 32, 39, 40, 46, 69, 72] 

Level specification 
methods* 

Literature review/ existing literature 28 (57%) [30, 32, 34-36, 39, 40, 44, 48-55, 58, 59, 
61, 63, 64, 71, 75, 78] 

Current policy/practice 8 (16%) [32, 34, 54, 56, 60, 65, 66, 78] 

Qualitative methods 5 (10%) [42, 44, 50, 73, 74] 

Expert opinion 4 (8%) [30, 50, 54, 71] 

Trial data 5 (10%) [31, 62, 63, 67, 69] 

None reported/ authors assumptions 8 (16%) [29, 41, 43, 47, 68, 70, 72, 77] 

Other 6 (12%) [35, 36, 38, 40, 56, 57] 

Purpose of piloting* Coverage of attributes and levels was checked 34 (69%) [30, 32-37, 40, 43, 46, 48-55, 58, 60-67, 
69-71, 73-75, 78] 

Understanding and complexity was checked 36 (73%) [30, 32-37, 40, 43, 44, 46, 48-62, 64-67, 
70, 71, 73-75, 78] 

Length and timing was checked 8 (16%) [30, 48-50, 54, 56, 59, 67] 

Piloting was performed but purpose not stated 2 (4%) [41, 47, 68] 

No piloting reported 8 (16%) [29, 31, 38, 39, 42, 45, 72, 77] 

Number of choice tasks 
per respondent  

8≥  5 (10%) [46, 56, 58, 63, 77] 

9-16 37 (76%) [29, 30, 35-42, 44, 45, 47, 48, 50-55, 57, 
59-62, 64-74, 78] 

16< 7 (14%) [31-34, 43, 49, 75] 

Rationality/ validity 
checks* 

Stability (test-retest) 5 (10%) [33, 41, 57, 59, 71] 

Non-satiation (dominant choice task) 18 (37%) [31, 37, 41-44, 48-50, 55-59, 61, 67, 72, 
78] 

Transitivity 1 (2%) [73] 

Dominant attribute 4 (8%) [31, 33, 41, 78] 

No variation in alternative chosen (flat-lining) 1 (2%) [64] 

External validity 1 (2%) [54] 

Other 4 (8%) [30, 51, 52, 70] 

None/ not reported 22 (45%) [29, 32, 34-36, 38-40, 45-47, 53, 60, 62, 
63, 65, 66, 68, 69, 74, 75, 77] 

*Some studies fall into multiple categories so n>49.  
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3.3 Identification and selection of attributes and levels 

The number of attributes per choice task ranged from 2 to 13, with an average 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, 71% (35/49) of studies took a multi-method approach, most 

commonly combining literature reviews (39/49; 80%) with an additional qualitative and/or 

quantitative source such as expert opinion (17/49; 35%) [37, 41, 43, 45, 48-50, 54, 55, 61-63, 

67, 70, 71, 77, 78]. Over half the studies (27/49) reported consulting the target population 

throughout the attribute selection process, typically using qualitative methods such as 

interviews (15/49; 31%) [37, 44, 47-50, 60, 61, 64, 66, 68, 71, 73-75] and focus groups (10/49; 

20%) [29, 31, 41, 54, 55, 66, 69, 70, 73, 78]. 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 [56-59].  

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 [29, 41, 43, 47, 68, 70, 72, 77] . The number of levels ranged from two to 12, averaging 

at three per attribute. Where described, literature reviews (28/49; 57%) were the most common 

source for obtaining attribute levels, with existing policy (8/49; 16%) [32, 34, 54, 56, 60, 65, 

66, 78], qualitative methods (5/49; 8%) [42, 44, 50, 73, 74], trial data (5/49; 10%) [31, 62, 63, 

67, 69] and expert opinion (4/49; 8%) [30, 50, 54, 71] also cited. Levels were modelled 

categorically using dummy or effects coding for half of all attributes across all studies (139/280; 

50%) and twenty studies used categorically coded attributes exclusively. Alternatively, twenty-

one studies applied a combination of categorical and continuous attribute specifications and 

9 studies modelled all attributes as continuous [33, 35, 37, 48, 50, 56, 61, 67, 69]. Thirty-four 

studies (69%) explicitly acknowledged checking the coverage of attributes and levels during 

an iterative piloting stage. A full summary of attribute levels can be found in ESM 4.   

3.4 Attribute classification 
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In total, 280 attributes were included across all studies. Similarities between attributes meant 

they could be grouped into 28 general attributes that were then classified into the four 

previously outlined categories: 1) test-specific; 2) outcomes; 3) service delivery; and 4) 

monetary.  

Fig. 2 provides a summary of the results of the attribute classification analysis. Each dot 

represents the inclusion of one of the 28 identified general attributes. The dots are colour 

coded to indicate the type of information contained in the attribute (i.e. risk/time) and the type 

of dot indicates the significance of each attribute. Information about the complexity, importance 

and marginal rate of substitution are also displayed. Several studies included single attributes 

that contained information relating to two or more of the distinct ‘general’ attributes. We refer 

to these attributes as ‘compound’ attributes as indicated by ‘c’. Further explanation can be 

found in the detailed key at the bottom of the table. A full summary of the attributes in each 

study can be found in the ESM 4.  

Studies generally examined trade-offs across combinations of attributes spanning the four 

categories, with some categories occurring more frequently. Test-specific attributes included 

sensitivity, specificity and test procedure and were the most common category overall, 

appearing in almost 90% (43/49) of studies and accounting for 35% (102/280) of all attributes. 

Service delivery attributes such as test interval, test location and type of HCP were also very 

common, accounting for 36% (100/280) of all attributes and occurring at least once in 36/49 

(73%) studies. Outcome attributes were less common, appearing in just 25/49 (51%) studies 

and accounting for 17% (48/280) of all attributes. Despite occurring least frequently overall 

(37/289; 13%), monetary attributes were well-dispersed across studies with 31/49 (63%) 

including at least one monetary attribute. The individual attributes occurring most frequently 

across studies spanned multiple categories and included; costs (31/49; 63%); specificity 

(28/49; 57%); sensitivity (24/49; 49%) and mortality reduction (22/49; 45%). 

3.5 Significance of attributes 
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All but two studies [36, 42] reported significance of attributes. Attributes were generally found 

to be statistically significant (i.e. important to respondents), with just 10% found to be 

insignificant (26 out of 269 attributes with reported significance levels). However, variations in 

significance across attribute levels were not uncommon (70/269, 26%). Five attributes were 

consistently significant across all studies where they appeared; sensitivity, 

overdiagnosis/treatment, travel time, type of HCP and time since last test. The significance of 

attributes did not vary greatly across the four attribute categories. 

3.6 Complexity of attributes 

The complexity of attributes varied across studies in several ways. Firstly, the inclusion of risk 

of cancer was prominent, with over 80% (40/49) studies including at least one risk attribute 

and overall 35% (97/280) of all attributes incorporating risk or probability. Attributes including 

risk were exclusive to the test-specific and outcome categories and were most frequently 

incorporated into attributes relating to sensitivity, specificity and mortality reduction. Risks 

were typically communicated using frequencies (57/90; 63%), percentages (29/90; 32%) or a 

combination of the two (9/90; 10%). Visual aids to help respondents interpret risk information 

were rarely used (18/90; 20%). 

The interpretation of risk information particularly in a medical context is cognitively challenging. 

In twenty-two studies (55%) this was further complicated by inconsistencies in presentation. 

For instance, risks were typically negatively framed (60/90; 67%), however, inconsistent 

framing across attributes within studies was common (16/40; 40%) [31, 36, 38, 40, 42, 44, 47, 

49, 50, 53, 54, 57-59, 62, 63]. For example, expressing some attributes positively (e.g. 

mortality change expressed as “lives saved” or “chance of survival”) and other attributes 

negatively (e.g. sensitivity expressed as “cases missed” or “chance of false-negative”). Other 

issues included inconsistencies in denominator when risks were displayed as frequencies 

(5/40; 13%) [32, 34, 38, 40, 63] (e.g. 1 in 100 and 1 in 1000 as opposed to 10 in 1000 and 1 

in 1000) and variation in the risk presentation format across attributes, for instance switching 

between percentages and frequencies (9/40; 23%) [36, 38, 40, 42, 49, 51-53, 63].  
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Fig. 2: Attribute classification by study. Each circle represents an occurrence of an attribute within each study. The shape of the circle represents 

information about the significance of the attribute and the colour indicates the type of information contain within each attribute, as described in the key 

at the bottom of the table.  
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Attributes were further complicated through the inclusion of time (e.g. costs over a lifetime) 

with 32/49 (65%) studies and 25% (69/280) of all attributes including a time element. The 

inclusion of risk and time frequently overlapped, not only within a choice task (28/49; 57%) but 

also within a single attribute (e.g. describing a risk over time) in several instances (13/280; 

5%).  

The combination of risk and time within a single attribute is an example of the frequent use of 

‘compound’ attributes across the studies within this review (23/49; 47% studies and 49/280; 

18% attributes). Compound attributes add to the complexity of choice tasks by merging 

multiple aspects of a screening test into a single attribute; for example authors frequently 

combined details on test procedure, test duration, pain/discomfort and/or recovery time in a 

single attribute relating to ‘process’/‘procedure’.  

3.7 Most important attributes for screening 

The importance of attributes varied greatly (Fig. 3). In total there were 58 ‘most important’ 

attributes across 49 studies due to method of analysis (e.g. latent class analysis) or multiple 

populations included within some studies. Additionally, some attributes spanned multiple 

categories within our analysis because they were classified as compound. Time since last test 

(2/3; 67%) [32, 34], sensitivity (16/24; 67%) [30, 33, 38-41, 46, 47, 51, 52, 55, 57, 63, 67, 75, 

78] and mortality risk reduction (14/22; 64%) [31, 35, 37, 42, 48, 49, 51, 52, 54, 56, 62, 66, 69, 

73] were most frequently identified as the most important attributes. Ten attributes including 

side effects, specificity and results delivery were never rated most important. 

When comparing attribute categories, outcome attributes were rated most important in 

nineteen of the 25 studies (76%) where they were featured [31, 35-37, 42, 43, 45, 48, 49, 52, 

54, 56, 57, 59, 61, 62, 66, 69, 73]. Test-specific attributes were also preferred and found to be 

most important in twenty-two out of 43 studies including at least one test-specific attribute 

(51%). Monetary attributes were less of a priority, being rated most important in ten out of 31 

studies (32%) [29, 37, 46, 50, 60, 64, 71-73, 75] and service delivery attributes were top priority 
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in just nine of the thirty-six studies (25%) where they were featured [32, 34, 44, 46, 65, 68, 70, 

75].  

When considering complexity, over half (33/58; 57%) of the most important attributes 

contained risk information. Twelve attributes (21%) included a time element and fourteen 

(24%) were compound attributes.  

Level ranges also appeared to play a role in the significance of attributes. For example, for the 

fifteen studies where sensitivity was the most important attribute, the average level range 

covered 34 percentage points with an average range from 54 to 88%. For studies where 

sensitivity was not ranked the most important the average level range covered 24 percentage 

points on average with an average range of 64-89% (ESM 4).  

3.8 Trade-offs between attributes 

Twenty-three studies (47%) attempted to quantify the relative importance of attributes and the 

willingness to trade between different components of cancer screening (i.e. marginal rates of 

substitution) using a common metric (e.g. costs, false-positives). Most commonly, studies 

employed costs associated with screening as a proxy for marginal utility of income, allowing 

for an indirect measurement of the marginal willingness-to-pay (mWTP) for a unit improvement 

in the attribute level. In total, twenty-seven out of 49 studies (55%) included a screening-

related cost attribute, with sixteen of these studies calculating WTP [29, 32, 33, 37-41, 46, 50, 

56, 61, 67, 69, 71, 72]. Costs were most commonly expressed as the cost of the test/screening 

(15/27; 56%) [29, 32-34, 39, 41, 56, 60, 63, 68, 69, 72, 75, 78] or ‘out of pocket costs’ (12/27; 

37%) [37, 38, 40, 42, 46, 50, 61, 66, 67, 71, 73]. Generally studies described costs on a ‘per 

test’ basis (24/27; 89%); however, three studies introduced further cognitive complexity by 

expressing costs over a longer period such as 10-years [37, 42] or lifetime [61], thereby 

introducing the need to consider concepts of discounting and delayed payments.  

Thirteen studies (27%) used an alternative numeraire alongside or instead of mWTP [31-33, 

37, 49, 50, 57, 59, 61, 62, 64, 66, 72]. Alternative numeraires included: willingness to accept 
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measures using reductions in remuneration pay for doctors [62, 64]; cancer deaths prevented 

[49, 50]; false-positive rates [33, 37, 59, 61]; false-negative rates [32, 66], rates of 

overdiagnosis [66]; and side effects [37]. In such instances, the marginal rates of substitution 

were expressed in the natural units of the alternatively specified numeraire. For example, de 

Bekker-Grob, et al. [50] reported that men were willing to pay €37.60 a year or willing to forego 

a 1.8% risk reduction in cancer mortality for a 10% reduction in the risk of unnecessary 

biopsies associated with prostate cancer screening
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Fig. 3: Results of attribute analysis. This figure demonstrates how often an attribute appeared, was significant and was rated most important across all 49 studies 
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4. Discussion 

This review demonstrates that the number of DCEs for cancer screening continues to grow, 

with colorectal cancer screening studies accounting for over half of the included studies.  

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. 

Studies mostly included a variety of attributes but there was a clear emphasis on the inclusion 

of test-specific and service delivery characteristics. The prioritisation of these types of 

attributes reflects the nature of population-level screening which requires proactive and 

voluntary participation from asymptomatic individuals meaning issues relating to the 

convenience and burden of the intervention are likely to relevant to uptake and adherence. 

Despite high rates of inclusion, service delivery attributes were rarely prioritised by 

respondents. Instead, outcome attributes ranked highest most often, followed by test-specific 

characteristics, especially test sensitivity.   

We have identified a number of methodological considerations relating to the specification and 

interpretation of attributes which have impacts on the comparability of findings between 

studies. We discuss these considerations below under the five broad headings: 1) differences 

in level range; 2) oversimplification; 3) compound attributes; 4) risk information and 5) marginal 

rates of substitution and choice of numeraire.  Addressing these methodological 

considerations with future studies may help to reduce the current gap between stated choices 

and actual screening behaviour [17, 19, 21].  

4.1 Differences in level range 

Level range should be wide enough to allow levels to be meaningfully different from each other 

whilst also being clinical realistic and relevant to policy [14]. Although, level ranges were 

generally realistic (even where descriptions of selection methods were scarce), variations 

across studies examining the same tests were common. The choice of attribute level has an 
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impact on the overall findings of a study, since attribute importance is a direct function of the 

level range of attributes included within a given study. Taking a closer look at studies including 

sensitivity appears to further support this argument, with studies covering wider ranges 

generally demonstrating higher relative importance (average level range was 34 percentage 

points for studies where sensitivity was ranked most important compared to 24 percentage 

points on average for studies where an alternative attribute was most important). 

4.2 Oversimplification 

The oversimplification of attributes represents a further challenge to the interpretation of 

findings, particularly where authors attempted to draw inferences about uptake. The 

complexity and nuances of medical decisions means participants are rarely, if ever, provided 

with a sufficient level of detail to make a truly informed choice, reflective of their true behaviour. 

Notable instances of oversimplification include explanations of “preparation”, particularly 

where dietary restrictions and/or laxative use are required [29, 46, 49, 77]; two aspects of 

testing that represent some of highest burdens placed on test users and are therefore likely to 

affect uptake/adherence. The reduction of a complex, multidimensional test into a limited 

number of attributes further highlights the importance of a rigorous attribute selection process 

to capture the most influential and representative aspects of tests to the target population. 

4.3 Compound attributes 

In many instances, authors attempted to overcome the issue of oversimplification by 

employing the use of compound attributes. Compound attributes merge multiple aspects of a 

test into a single attribute, thereby increasing the level of information and complexity relayed 

to respondents within choice tasks whilst keeping the overall number of attributes low. The 

use of these types of attributes appears to be an enduring and expansive trend, making up 

18% (49/280) of all attributes, occurring within 47% (23/49) of studies in this review. For 

instance, a single ‘procedure’ attribute containing information on test modality, duration and 

pain/discomfort may be equal or even more cognitively challenging, than including three 
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separate attributes capturing the same issues. Furthermore, with compound attributes it is not 

possible to disaggregate the characteristics to allow for independent evaluation, meaning the 

underlying driver of preferences within compound attributes will remain unclear. The 

complexity of compound attributes may dominate the other attributes, particularly in an 

otherwise straightforward choice task, since the disproportionate amount of information may 

unintentionally signal that the attribute is implicitly more important. There are certain instances 

where characteristics of a test are interrelated and therefore logically can/should be combined. 

For example, in the only reference to compound attributes we could identify, Mühlbacher, et 

al. [79] cite the example of side effects. The importance of the risk of a side effect cannot be 

fully evaluated without also considering its severity and/or duration. In instances where either 

of these characteristics are omitted, they may be incorrectly assumed leading to biased 

results. Similarly, expressing attributes over time is fairly standard and is actually 

recommended for risks and costs [80], but adds an additional layer of complexity for those 

specific attributes, introduces the complication of time preferences and likely leads to 

respondent making assumptions/interpretations that may alter the meaning of the attribute 

and demands greater attention (e.g. people may attempt to convert in to annual or per-screen 

risks/costs). Overall, the possible implications of compound attributes have been given little 

attention in the DCE literature to date: however, this study found around a third of the most 

influential attributes across studies were compound (29%; 14/49) [35-37, 42, 44, 46, 48, 49, 

53, 58, 59, 61, 62, 66]. 

4.4 Risk information  

Over a third of all attributes across included studies incorporated a risk or probability element 

(35%; 97/280). 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 specifically focused on how variations risk 

presentation may affect results. For example, Howard and Salkeld [33] compared the impact 
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of positive or negative framing of risks in the context of colorectal cancer screening and found 

attribute framing significantly influenced WTP estimates in several instances, particularly when 

considering accuracy. A notable finding given 16 of the 40 DCEs containing risk in this review 

contained inconsistencies in framing across attributes and many DCEs did not use visual aids 

to communicate risk. Following best practice guidelines on risk presentation seems an 

important step to allow comparability between studies [80].  

4.5 Marginal rates of substitution- choice of numeraire 

Whilst the number of studies relating to cancer screening is increasing, differences across 

studies means there is limited ability to combine findings and draw overall conclusions about 

the importance of attributes for different cancer sites or using different tests. One way to 

increase comparability is by calculating marginal rate of substitution (MRS). However, despite 

many authors referencing the ability to calculate the willingness-to-trade between attributes 

as a motivation for their study, in practice only 47% (23/49) explicitly calculated MRS. 

For studies that formalised the willingness-to-trade between attributes, costs were the 

dominant choice of numeraire. Willingness-to-pay (WTP) estimates are a common and widely 

accepted way of providing decision makers a transparent metric to compare the importance 

of different interventions or aspects of interventions when thinking about prioritisation.  

However, inclusion of costs for countries where screening tests are free at the point of use 

through universal access to national health services (e.g. Australia, UK) or subsidisation within 

private (USA) and state-managed (Netherlands) insurance-funded systems may be 

problematic.  In such instances, the inclusion of costs, particularly when expressed as direct 

out-of-pocket payments may be viewed as inappropriate or unrelatable by respondents, 

increasing the likelihood of protest responses, refused responses and dishonest or tactical 

answers [81]. It is therefore important to consider the most appropriate payment vehicle under 

these circumstances.  
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When considering the inclusion of monetary aspects associated with cancer screening, 

perhaps a more relevant, and currently underexplored issue for countries without universal 

healthcare coverage, are follow-up costs (e.g. in the USA screening is often fully covered by 

insurance companies but individuals are usually responsible for a share of any follow-up 

testing or subsequent treatments). The consideration of follow-up costs is likely to have 

important implications for the other commonly occurring attributes such as 

overtreatment/diagnosis and in particular, test specificity which were found to be inconsistently 

significant/important across studies. This may partially be due to a failure to fully consider the 

financial consequences of a false-positive result as studies typically focus on the emotional or 

physical consequences of follow-up testing. Follow up costs were included in only two studies 

[43, 45] but were found to be significant and the most important attribute in both instances.  

Alternative numeraire were used in a number of studies, however, with the exception of 

mortality reduction. However, these alternatives tend to be specific to a screening/testing 

setting (e.g. false-positives, overdiagnosis, false-negatives) meaning that the ability to 

compare MRS across interventions is limited if broader prioritisation questions are of interest. 

4.6 Recommendations for future research 

Consistently low or even declining rates of screening suggest that understanding the 

preferences and decisions around screening remain an important area of research and studies 

attempting to identify possible barriers to uptake may be particularly important [54]. However, 

despite the increased number of cancer screening DCEs publications, findings remain under-

utilised within clinical and policy settings, an issue highlighted in previous systematic reviews 

[17, 19, 21].  

Previous sections have highlighted aspects of attribute development and specification which 

may unintentionally add to the complexity of choice tasks  making comparability of studies and 

integration into policy potentially harder. Overlooking these methodological considerations 

may potentially reduce response rates, exclude specific populations (e.g. elderly or cognitively 
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impaired) and/or increase the use of heuristics leading to non-compensatory decision making 

[82-85].However, in reality decisions relating to screening are complex and multi-faceted 

requiring a balanced consideration of the potential benefits and harms.  Raising the question: 

what can we do better in attribute development and specification to make choices clearer to 

respondents and more directly applicable to policy issues? 

To answer this question, we recommend the use of qualitative methods, such as cogitative 

interviews, during the piloting stage to help to manage and further understand the impact of 

attribute and level selection, and choice task complexity in future preference-based studies on 

cancer screening [86]. Cognitive or ‘think aloud’ interviews can be used to understand how 

respondents complete choice tasks including areas of misinterpretation, difficulty and poor 

task attendance [87]. Despite, thirty-seven of the studies within this review reported conducting 

some form of piloting prior data collection, the use of qualitative methods during the pre-testing 

stage was under-reported and potentially underutilised by authors. Future studies would also 

benefit from greater transparency around the piloting process including the methods used, 

sample size and implications of the findings to the final design of the experiment.  

More generally, the incorporation of qualitative methods used to understand the views and 

experiences of the target audience and ensure relevance of included attributes during the 

development stage should remain a priority, with less than half of the studies within this review 

reporting the use of qualitative methods. Additionally, greater transparency in reporting 

methods and findings of qualitative elements is also needed, an issue that has been discussed 

in depth by Coast, et al. [16]. We acknowledge detailed reporting is often limited by word limits 

of journals. More recently authors have sought to overcome this challenge through the 

separate publication of attribute development processes, piloting or study protocols in addition 

to the final results [88-93]. 

The inclusion of patient and public involvement (PPI) throughout the design process is another 

way to maximise relevance and ensure understanding of attributes, task instructions and 

survey instruments for the target audience. The use of PPI in preference-based studies has 
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become increasingly popular in recent years with case studies and guidance papers being 

recently published [94, 95]. PPI and stakeholder engagement from the outset of future DCEs 

may help to tailor research and bridge the gap between research and adoption by decision 

makers increasing the impact of findings. Preferences surrounding emerging technologies 

(e.g. tele-screening and self-screening modalities [38, 40, 60]) or potential future screening 

programs currently in the trial stages (e.g. prostate cancer, lung cancer) [96, 97] are key areas 

where collaboration with stakeholders may be particularly beneficial. 

Finally, given the growth in both DCEs and systematic reviews of DCEs, we recommend the 

development of a risk of bias measure for DCEs covering the methods used to identify, select 

and construct attributes, as well as the challenges identified in section 4.1-4.6. alongside other 

methodological aspects. Whilst a number of invaluable DCE-specific best practice guides 

covering a range of methodological aspects exist [14-16, 27, 98], this measure should seek to 

incorporate guidance from outside of the discipline, particularly for more nuanced aspects of 

attribute development including the design and conduct of qualitative research [99], PPI [100] 

and risk communication [101-103].   

4.8 Limitations 

This review was conducted using a rigorous search strategy, performed and reported with full 

transparency. However, a few limitations remain. Firstly, we limited the search to published, 

peer-reviewed studies meaning some unpublished studies that add to the knowledge base 

may have been excluded. Secondly, 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 was unavailable this may have led to an unduly critical assessment of 

a study.  Finally, quality assessment was performed using a methodological checklist [15] due 

to the unavailability of an established risk of bias assessment tool to evaluate discrete choice 

studies. This enabled us to discuss the quality and limitations of included studies in a broad 

sense, specifically in relation to the quality of reporting within DCEs but it was not possible to 

calculate a measure of the risk of bias or make decisions on the inclusion/exclusion of studies 
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based on quality. In general, studies scored highly across items relating to attribute and level 

development (2.1-2.3; 3.1; 6.2) indicating methods were reported and well-justified, however, 

the methodological quality cannot be fully inferred.  

5.  Conclusion 

Our review provides an in-depth summary of the attributes used to elicit preferences for 

screening interventions within discrete choice experiments which serves as a useful starting 

point for researchers designing future DCEs in this area. In general, test sensitivity and 

mortality reduction are prioritised over service delivery characteristics by most respondents.  

We identify several methodological challenges relating to attribute development that future 

researchers may wish to consider going forward. In particular, we highlight the need to 

consider the complexity of choice tasks when considering risk information or compound 

attributes. PPI and stakeholder engagement is highly recommended throughout the 

development process to ensure the relevance of the research question and to optimise 

understanding when faced with unavoidably complex choice tasks.  Additionally, we argue 

research into the development of a risk of bias tool and increased transparency in the reporting 

of attribute development procedures are integral for ensuring quality and maximising 

comparability across studies and encouraging the application of findings. 
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