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Heterogeneous Preferences for Colorectal Cancer Screening in Germany:
Results of a Discrete Choice Experiment
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A B S T R A C T
Objectives: Colorectal cancer (CRC) screening tests differ in beneﬁts, harms, and processes, making individual informed decisions preference based. The objective was to analyze the preferences of insurees in Germany for characteristics of CRC
screening modalities.
Methods: A generic discrete choice experiment with 2-alternative choice sets and 6 attributes (CRC mortality, CRC incidence,
complications, preparation, need for transportation, and follow-up; 3 levels each) depicting characteristics of fecal testing,
sigmoidoscopy, and colonoscopy was generated. Participants completed 8 choice tasks. Internal validity was tested using a
within-set dominated pair. Between June and October 2020, written questionnaires were sent to a stratiﬁed random
sample (n = 5000) of 50-, 55-, and 60-year-old insurees of the AOK (Allgemeine Ortskrankenkasse) Lower Saxony, who
had previously received an invitation to participate in the organized screening program including evidence-based
information. Preferences were analyzed using conditional logit, mixed logit, and latent-class model.
Results: From 1282 questionnaires received (26% [1282 of 4945]), 1142 were included in the analysis. Approximately 42% of
the respondents chose the dominated alternative in the internal validity test. Three heterogeneous preference classes were
identiﬁed. Most important attributes were preparation (class 1; n = 505, 44%), CRC mortality (class 2; n = 347, 30%), and CRC
incidence (class 3; n = 290, 25%). Contrary to a priori expectations, a higher effort was preferred for bowel cleansing (class 1)
and accompaniment home (classes 1 and 2).
Conclusion: Internal validity issues of choice data need further research and warrant attention in future discrete choice
experiment surveys. The observed preference heterogeneity suggests different informational needs, although the underlying
reasons remained unclear.
Keywords: colorectal cancer screening, discrete choice experiment, latent-class model, preference heterogeneity, validity
testing.
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Introduction
Globally, colorectal cancer (CRC) ranks third and second in the
number of newly diagnosed cancer cases and cancer-related
deaths.1 Guideline recommendations for screening differ among
countries. Fecal occult blood testing, guaiac-based fecal occult
blood test or fecal immunochemical test, sigmoidoscopy, and colonoscopy are the modalities most commonly used.2-4 In Germany,
the general population aged 50 years and older can choose between fecal immunochemical test and colonoscopy.5 Sigmoidoscopy is recommended for individuals who reject colonoscopy, but
is not part of the organized screening program and is therefore not
covered by statutory health insurance.5,6
Screening modalities differ in terms of their effectiveness, risk
of harms, and procedural issues. Although stool-based tests primarily aim at detecting early-stage cancer to reduce

cancer-speciﬁc mortality, evidence has consistently shown that
endoscopic screening options can also reduce incidence by
removing precancerous lesions.7-10 Serious adverse events caused
by the procedure itself can occur with both sigmoidoscopy and
colonoscopy: an estimated 0.2 perforations (95% conﬁdence interval [CI] 0.1-0.4) and 0.5 major bleeds (95% CI 0-1.3) per 10 000
sigmoidoscopies and 3.1 perforations (95% CI 2.3-4.0) and 14.6
major bleeds (95% CI 9.4-19.9) per 10 000 colonoscopies.10
Although fecal testing itself does not cause any side effects
(except psychological distress from false-positive results11), harms
can occur during colonoscopy after an abnormal stool test
result.9,10 Differences in practical issues relate, for example, to test
frequency, the procedure itself, or its impact on work ability due to
bowel cleansing and sedation.2
Recognizing that screening, which is associated with beneﬁts
but also with harms, is offered to nonsymptomatic citizens, the

1098-3015/Copyright ª 2022, International Society for Pharmacoeconomics and Outcomes Research, Inc. Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

PREFERENCE-BASED ASSESSMENTS

Council of the European Union12 recommended in 2003 that
participation should be based on individual informed decision
making. In situations where no procedure is clearly superior to the
others, such decisions can be preference based.13 The SIGMO
(Sigmoidoscopy as an evidence-based CRC screening test—a
possible option?) study14 evaluates whether sigmoidoscopy
should be offered as an additional screening alternative in Germany. To assess and consider the acceptability of different available modalities among potential beneﬁciaries in the context of
healthcare regulatory decisions, the US Food and Drug Administration13 and the German independent Institute for Quality and
Efﬁciency in Health Care15 recommend, among others, stated
preference methods such as choice-based conjoint analysis, also
known as discrete choice experiment (DCE). Therefore, the
objective of this study was to analyze the preferences of insurees
in Germany for CRC screening using a DCE.

Methods
The reporting of this DCE was based on the checklist for
conjoint analysis applications in health developed by the ISPOR
Good Research Practices for Conjoint Analysis Task Force.16 Ethical
approval was obtained from the Ethics Committee of Hannover
Medical School (reference number 8671_BO_K_2019). The SIGMO
study is registered at the German Clinical Trials Register
(DRKS00019010); a study protocol was published.14

Identiﬁcation and Selection of Attributes and Levels
The identiﬁcation and selection of attributes were done in a
stepwise process.14 First, an initial overview of possible attributes
and their relative importance for decision making was obtained
through a systematic review of studies eliciting general populations’ stated preferences for CRC screening tests (Appendix 1 in
Supplemental Materials found at https://dx.doi.org/10.1016/j.jval.2
022.07.012). Second, the relevance of the attributes found and
other possible characteristics were discussed in 4 focus groups
with German-speaking 50- to 60-year-olds in November 2019
(Appendix 2 in Supplemental Materials found at https://dx.doi.
org/10.1016/j.jval.2022.07.012).17 Third, the multidisciplinary
research team agreed on the ﬁnal list of 6 attributes (Table 1)
including beneﬁts, harms, and procedural issues to enable
informed decision making, as well as the attribute labels.
Cancer-speciﬁc incidence and mortality represent important
beneﬁt outcomes18; the ability of endoscopic screening methods to
prevent cancer by removing precancerous lesions is a key difference
compared with stool-based tests.7 The levels used to deﬁne both
attributes were based on a scientiﬁc report on beneﬁts and harms
of CRC screening tests by the German independent Institute for
Quality and Efﬁciency in Health Care,19 which formed the evidence
basis for the development of the invitation and decision aid sent out
as part of the organized screening program for CRC in Germany.
Complications requiring hospitalization, such as bleeding or
perforation, are potential harms to the screening participant caused
by the procedure itself.11,18 The levels were calculated based on
results of a network meta-analysis evaluating the effectiveness,
harms, and burdens of CRC screening tests.9 Preparation and the
need for transportation as practical issues having impact on
everyday life are attributes in which colonoscopy, sigmoidoscopy,
and stool-based tests differ signiﬁcantly. The qualitative levels
describing the need for transportation were derived from results of
an evaluation of the English Bowel Cancer Screening Programme20
and routine ﬂexible sigmoidoscopy practice in Scotland21 regarding
the use of sedation. Finally, the need for follow-up in case of an
initial positive screening test result described the additional
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perceived burden. Its levels represent the cumulative need for one
follow-up within the next 10 years assuming a screening attendance of 100% calculated based on test positivity rates of a single
round of stool-based tests and sigmoidoscopy.22

Choice Tasks and Experimental Design
Each choice set contrasted 2 generic alternatives (Fig. 1),
requesting a forced choice without an opt-out or status quo
alternative. The experimental design was created using SAS (SAS
Institute Inc, Cary, USA; version 9.4).23 Six attributes with 3 levels
each allow 729 (36) possible level combinations and (729 3 728) /
2 = 265 356 choice tasks.24,25 To increase practicability and reduce
cognitive complexity, a fractional factorial, D-efﬁcient design
(relative D-efﬁciency 74.6764; D-error 0.0418) with zero priors
and 32 choice sets was generated and blocked into 4 versions of 8
choice tasks each. To control for potential bias due to attribute
order, 2 different sequences were created for each version. The
resulting 8 versions were randomly assigned to participants.

Questionnaire Design
Data were collected using a written, self-administered postal
questionnaire (English version in Appendix 3 in Supplemental
Materials found at https://dx.doi.org/10.1016/j.jval.2022.07.012,
German version from authors on request) that consisted of 4 parts:
(1) previous experience with CRC screening tests, (2) the DCE, (3)
intention to participate in CRC screening tests, and (4) sociodemographic characteristics and health-related information.26,27
To ensure equal understanding among participants and to
prevent consideration of other unobservable aspects in decision
making, the attributes and levels included were described in detail
in the introductory section of the DCE (Table 1) (Appendix 3 in
Supplemental Materials found at https://dx.doi.org/10.1016/j.jval.2
022.07.012). For each choice task, participants were then asked
which of the 2 devised procedures they would choose (Fig. 1). To
check responses on rationality and consistency, a within-set
dominated pair28 was included as ﬁrst choice set (Fig. 1), so that
each participant had to answer 9 choice tasks in total.
Understanding and the amount of complexity of the DCE were
piloted in 10 cognitive interviews in February 2020 (Appendix 4 in
Supplemental Materials found at https://dx.doi.org/10.1016/j.jval.2
022.07.012).

Sampling and Data Collection
The study was conducted among a stratiﬁed random sample of
50-, 55-, and 60-year-old insurees of the statutory health insurance company AOK (Allgemeine Ortskrankenkasse) Lower Saxony.
Two to 3 weeks in advance to the study questionnaire, they had
received a written invitation to participate in the national CRC
screening program including comprehensive evidence-based information on the available tests, their beneﬁts, and risks from
their health insurance company.5 Excluded were insurees (1) with
CRC or a chronic inﬂammatory bowel disease who do not belong
to the asymptomatic target population and whose preferences
may differ from those of the general population due to regular
surveillance colonoscopies, (2) whose affairs were managed by a
guardian, (3) who had not been continuously insured with the
AOK Lower Saxony since 2015, or (4) who were employees of the
health insurance company (Appendix 5 in Supplemental Materials
found at https://dx.doi.org/10.1016/j.jval.2022.07.012).
Sample size calculation was based on the equation
nta
$ 1000 ðor 500Þ from Johnson and Orme29 allowing stratiﬁc
cation. With 8 choice sets (t), 2 alternatives within each choice set
(a), and 3 levels across all attributes (c), the minimum sample size
was n = 188 (or n = 94). Insurees were stratiﬁed based on age, sex,
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Table 1. Overview of attributes, attribute levels, and descriptions used in the DCE on CRC screening preferences in Germany.
Attributes

Attribute levels

Descriptions

Develop bowel cancer

3 of 1000

8 of 1000

10 of 1000

Some procedures can even prevent bowel cancer. As a result,
fewer people develop bowel cancer.
There are ﬁgures for this: How many people in 1000 are
expected to develop bowel cancer in the next 10 years?
 Without participation, 10 people will develop bowel cancer;
depending on the procedure, 3 to 8 of 1000 people will
develop the disease.

Die from bowel cancer

1 of 1000

2 of 1000

3 of 1000

Bowel cancer can be detected at an early stage and then
treated. As a result, fewer people die of bowel cancer.
There are ﬁgures for this: How many people in 1000 are
expected to die of bowel cancer in the next 10 years?
 Without participation, 3 people die; depending on the
procedure, 1 to 2 of 1000 people die.

Complications

0 of 1000

1 of 1000

2 of 1000

With some procedures, complications that often require
hospitalization can occur: bleeding, perforation, or
cardiovascular events.
There are ﬁgures for this: How many people in 1000 have
complications?
 Depending on the procedure, 0 to 2 of 1000 people.

Preparation

None

Enema
before
examination

Drinking 2 to
4 liters, no
food

Some procedures require preparation to cleanse the bowel.
There are 3 different options:
 You have to drink 2 to 4 liters of a laxative the day before
the examination and avoid solid food.
 You will have an enema just before the examination.
 No preparation is required.

Need for transportation

Never

Occasionally

Almost
always

For some procedures, a sedative may be given. In this case,
you will need an adult to accompany you home.

Follow-up

0 of 1000

340 of 1000

440 of 1000

If the result is positive, a follow-up is required. For this, the
bowel must be clean: you have to drink 2 to 4 liters of a
laxative the day before the examination and avoid solid food.
Rarely, complications can occur during the examination. A
sedative is almost always given, and you will need an adult to
accompany you home.
There are ﬁgures for this: in how many of 1000 people is a
follow-up required?
 Depending on the procedure, between 0 and 440 of 1000
people.

CRC indicates colorectal cancer; DCE, discrete choice experiment.

and previous experience with CRC screening, giving 8 different
subgroups (Appendices 5 and 6 in Supplemental Materials found
at https://dx.doi.org/10.1016/j.jval.2022.07.012). We assigned a
minimum sample size of n = 188 each for the 50-year-old men and
55-year-old women and of n = 94 each for the other strata. The
resulting total sample size was n = 940. Assuming a minimum
response rate of 20%, 5000 insurees were invited to participate.
The initial mailing of the questionnaires took place between June
22, 2020, and June 25, 2020. To increase the response, questionnaires were sent out once again 2 and a half weeks later to
insurees who had not yet completed them. Participation was
voluntary and based on informed consent including the right to
refuse or withdraw at any time without any disadvantages. In
compliance with data protection requirements, the AOK Lower
Saxony knew the response status of their insurees but not the
answers in the questionnaire itself, whereas the research team at
Hannover Medical School did not receive any information allowing personal identiﬁcation of participants. Questionnaires received
up to October 31, 2020, were considered for statistical analysis.

Statistical Analysis
Descriptive analysis and, based on routine data of the insurees, a nonresponder analysis by age, sex, and previous

experience with CRC screening were conducted using SPSS
(versions 25.0, 26.0; IBM Corp, Armonk, NY). The preference data
were analyzed using a conditional logit model.30-32 To account
for preference heterogeneity across respondents, a randomparameters logit and a latent-class model (LCM) were estimated.16,30,32,33 In deciding on the appropriate number of classes, goodness of ﬁt and interpretability were considered.30,33
Differences in class-speciﬁc characteristics were examined using chi-squared tests33 with a signiﬁcance level of P # .05.
Relative attribute importance was calculated as the range between the most and least preferred level of an attribute29,30,34
and then normalized by setting one attribute to a value of 10
as the reference attribute for all classes.34 All model estimations
were conducted using STATA (version 15.1; StataCorp LLC, TX).
Attributes were included as categorical variables. Levels were
effects coded, with the last level being determined as reference.
Numerical attributes were not speciﬁed as continuous variables
because model ﬁt was reduced, and the results from the categorical model indicated different relative marginal utilities
associated with a 1-unit change over the range of levels within
attributes.30 Each variable corresponded to a main effect; interaction terms between attributes were not included because
model ﬁt was only slightly improved, and choices were explained
equally well compared with the main effects model.
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Figure 1. Example choice task of the DCE on CRC screening preferences in Germany as presented to participants.

CRC indicates colorectal cancer; DCE, discrete choice experiment.

Participants who chose the dominated alternative in the internal validity test (procedure A in Fig. 1) were not excluded, but
analysis was stratiﬁed by type of response (“rationality”).24

Results
Of 1282 questionnaires received (response rate: 25.9% [1282 of
4945]), 1142 were considered in the analysis of the preference
data (Appendices 5 and 6 in Supplemental Materials found at
https://dx.doi.org/10.1016/j.jval.2022.07.012).

Characteristics of Respondents and Nonresponder
Analysis
A description of the sample (n = 1142) is presented in Table 2.
Differences between responders (n = 1282) and nonresponders
(n = 3663) are presented in Appendix 7 in Supplemental Materials
found at https://dx.doi.org/10.1016/j.jval.2022.07.012.

Internal Validity of the Preference Data
Table 2 demonstrates that 476 (41.7%) of the 1142 respondents
chose the dominated alternative in the internal validity test (type
B respondents). Type A (n = 666) compared with type B respondents (n = 476) were on average higher educated, were less
frequently unemployed or migrants, had less frequently colonoscopy experience and had more frequently not yet decided which
procedure to use next for screening, declined participation in
screening less frequently, had higher health literacy capacities,
and had a higher level of certainty in the choices made.

Preferences for Characteristics of CRC Screening Tests
Statistically signiﬁcant preference weights for all but one level
(complications in 1 of 1000) in the conditional logit model for the
total sample (Appendix 8 in Supplemental Materials found at
https://dx.doi.org/10.1016/j.jval.2022.07.012) indicate that all attributes had an impact on choice. Nevertheless, preference

weights for preparation and need for transportation had not the a
priori expected signs. Taking into account that 41.7% of the respondents chose the dominated alternative in the internal validity
test (Table 2), a conditional logit model stratiﬁed by “rationality”
was calculated. Goodness of ﬁt for each of the 2 subgroups was
better than for the overall model, so only these results are presented in the following (Fig. 2) (Appendix 9 in Supplemental
Materials found at https://dx.doi.org/10.1016/j.jval.2022.07.012).
For type A respondents, all but 2 levels (complications in 1 of
1000; no transportation required) were statistically signiﬁcant at P
# .05, indicating that all attributes had an impact on choice. Most
preference weights had the signs expected a priori: Participants
preferred fewer new cases and deaths caused by CRC, no complications, and no follow-up to more cases, deaths, complications,
or follow-up tests. Occasionally needing transportation was
preferred to almost always needing transportation. The preference
weights of the attribute preparation were unexpected: No preparation was preferred to bowel cleansing by taking a laxative and
avoiding solid food, which in turn was preferred to an enema
(injection of liquid into the rectum) immediately before the examination. Most important attribute was cancer-speciﬁc mortality, closely followed by cancer-speciﬁc incidence. Complications
and need for transportation were least important.
For type B respondents, all but 4 levels (developing CRC in 3
of 1000; developing CRC in 8 of 1000; complications in 1 of 1000;
follow-up required in 440 of 1000) were statistically signiﬁcant
at P # .05. The preference weights had the a priori expected signs
for the 2 attributes dying from CRC and complications: Fewer
deaths caused by CRC and no complications were each preferred
to more cancer-related deaths and complications. Developing
CRC in 10 of 1000 was rejected. Both no preparation and preparation using enema had a negative inﬂuence on choice
compared with preparation with laxatives, with no preparation
required being least preferred. Comparably, almost always
requiring transportation home was preferred to occasionally and
never needing transportation home. More examinations after a
positive, initial test result were preferred to no follow-up
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Table 2. Self-reported characteristics of respondents (n = 1142).
Characteristics

Total

Type A*
respondents

Type B†
respondents

n = 1142

(%)

n = 666

(%)

n = 476

(%)

Sex
Female
Male

(n = 1133)
581
552

(51.3)
(48.7)

(n = 660)
346
314

(52.4)
(47.6)

(n = 473)
235
238

(49.7)
(50.3)

Age, years
50
55
60

(n = 1135)
189
228
718

(16.7)
(20.1)
(63.3)

(n = 663)
121
138
404

(18.3)
(20.8)
(60.9)

(n = 472)
68
90
314

(14.4)
(19.1)
(66.5)

General education level, CASMIN
No completed/low
Mediate
High

(n = 1086)
493
417
176

(45.4)
(38.4)
(16.2)

(n = 638)
238
285
115

(37.3)
(44.7)
(18.0)

(n = 448)
255
132
61

(56.9)
(29.5)
(13.6)

Current employment status
Employed full-time
Employed part-time
Nonemployed

(n = 1112)
595
301
216

(53.5)
(27.1)
(19.4)

(n = 649)
347
191
111

(53.5)
(29.4)
(17.1)

(n = 463)
248
110
105

(53.6)
(23.8)
(22.7)

Migration background
Yes
No

(n = 1055)
179
876

(17.0)
(83.0)

(n = 623)
89
534

(14.3)
(85.7)

(n = 432)
90
342

(20.8)
(79.2)

(n = 1106)
484
622

(43.8)
(56.2)

(n = 644)
248
396

(38.5)
(61.5)

(n = 462)
236
226

(51.1)
(48.9)

P value‡

Demographics
.363

.121

, .001

.023

.005

Level of certainty in choosing a procedure
Certainty in choosing a procedure
Not certain/rather not certain
Rather certain/certain

, .001

Screening history and intention to participate in screening
Previous FOBT experience
Yes
No

(n = 1110)
879
231

(79.2)
(20.8)

(n = 648)
511
137

(78.9)
(21.1)

(n = 462)
368
94

(79.7)
(20.3)

.748

Previous colonoscopy experience
Yes
No

(n = 1111)
671
440

(60.4)
(39.6)

(n = 646)
362
284

(56.0)
(44.0)

(n = 465)
309
156

(66.5)
(33.5)

Intention to participate in CRC screening
Yes, FIT
Yes, colonoscopy
Yes, but not yet decided on a procedure
No

(n = 1104)
252
430
144
278

(22.8)
(38.9)
(13.0)
(25.2)

(n = 644)
149
249
98
148

(23.1)
(38.7)
(15.2)
(23.0)

(n = 460)
103
181
46
130

(22.4)
(39.3)
(10.0)
(28.3)

BMI§ categories, WHO
Underweight/normal weight
Preobesity
Obesity class I-III

(n = 1116)
348
415
353

(31.2)
(37.2)
(31.6)

(n = 656)
220
232
204

(33.5)
(35.4)
(31.1)

(n = 460)
128
183
149

(27.8)
(39.8)
(32.4)

CRC history of ﬁrst degree relatives, parents
Yes
No
I don’t know

(n = 1121)
126
930
65

(11.2)
(83.0)
(5.8)

(n = 654)
70
550
34

(10.7)
(84.1)
(5.2)

(n = 467)
56
380
31

(12.0)
(81.4)
(6.6)

, .001

.034

BMI and family history of CRC
.111

.445

Health literacy
How often do you have someone help you read
hospital materials?
Never/seldom
Sometimes
Often/always

(n = 1131)

How often do you have problems learning about
your medical condition because of difﬁculty
reading hospital materials?
Never/seldom
Sometimes
Often/always

(n = 1131)

807
206
118

704
289
138

(n = 660)
(71.4)
(18.2)
(10.4)

497
103
60

(n = 471)
(75.3)
(15.6)
(9.1)

(n = 661)

(62.2)
(25.6)
(12.2)

419
171
71

310
103
58

.002
(65.8)
(21.9)
(12.3)

(n = 470)

(63.4)
(25.9)
(10.7)

285
118
67

.204

(60.6)
(25.1)
(14.3)
continued on next page
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Table 2. Continued
Characteristics

Total
n = 1142

How conﬁdent are you ﬁlling out forms by
yourself?
Extremely/quite a bit
Somewhat
A little bit/not at all

(%)

(n = 1133)
579
410
144

Type A*
respondents

Type B†
respondents

n = 666

n = 476

(%)

(n = 661)
(51.1)
(36.2)
(12.7)

367
220
74

(%)

(n = 472)
(55.5)
(33.3)
(11.2)

212
190
70

P value‡

.002
(44.9)
(40.3)
(14.8)

Note. Not all questions were completed by all participants. n is the number who answered the question if different from 1142.
BMI indicates body mass index; CASMIN, comparative analysis of social mobility in industrial nations; CRC, colorectal cancer; FIT, fecal immunochemical test; FOBT, fecal
occult blood test; WHO, World Health Organization.
*Type A chose the dominant alternative in the internal validity choice set.
†
Type B chose the dominated alternative in the internal validity choice set.
‡
Chi-squared test with a signiﬁcance level of P # .05.
§
Calculated from self-reported height and weight.

needed. The most important attribute was preparation, followed
by need for transportation, and cancer-speciﬁc mortality,
whereas follow-up testing, complications, and cancer-speciﬁc
incidence were least important.

Preference Heterogeneity: Random-Parameters Logit
Model
For type A respondents, standard deviations were large and
statistically signiﬁcant (Appendix 10 in Supplemental Materials
found at https://dx.doi.org/10.1016/j.jval.2022.07.012). In type B respondents, fewer standard deviations were statistically signiﬁcant.
Nevertheless, large and statistically signiﬁcant standard deviations
were present for preparation and need for transportation.

Preference Heterogeneity: LCM
Three latent classes of respondents with similar preferences
were identiﬁed (Fig. 3) (Appendix 11 in Supplemental Materials
found at https://dx.doi.org/10.1016/j.jval.2022.07.012). Class 1 (n =
505, 44% of respondents; bowel preparation) preferred bowel
preparation using laxatives and avoiding solid food, almost always
needing transportation home (preference weights of both attributes had not the expected signs), and low cancer-related incidence and mortality rates. Preparation was by far the most
important attribute (Fig. 4) (Appendix 11 in Supplemental Materials found at https://dx.doi.org/10.1016/j.jval.2022.07.012),
whereas complications and follow-up testing had no impact on
choice. Choices of class 2 (n = 347, 30%; cancer death prevention)

Figure 2. Conditional logit model (effects coded) with 95% conﬁdence intervals for type A (n = 666) and type B (n = 476) respondents
from the DCE on CRC screening preferences.

CRC indicates colorectal cancer; DCE, discrete choice experiment.
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Figure 3. LCM (effects coded) with 95% conﬁdence intervals from the DCE on CRC screening preferences.

CRC indicates colorectal cancer; DCE, discrete choice experiment; LCM, latent-class model.

were predominantly guided by low mortality rates. They also
preferred fewer follow-up tests, occasionally needing transportation home (preference weights had not the signs expected a
priori), low rates of new cancer cases, and not needing bowel
preparation. Relative importance of attributes was (in descending
order) cancer-related mortality, follow-up, need for transportation,
cancer-speciﬁc incidence, and preparation. Complications did not
inﬂuence decision making. Members of class 3 (n = 290, 25%;
cancer prevention) preferred low rates of new cancer-related cases.
Their choice behavior was also determined by not needing bowel
preparation, low complication rates, and never requiring transportation home. Preventing CRC was most important, followed by
preparation and complications, whereas requiring a follow-up and
dying from CRC had little or no impact on choice.
Compared with class 1, members of classes 2 and 3 were on
average higher educated, had higher health literacy capacities
(conﬁdence ﬁlling out forms), and were less likely to be migrants,
to be obese, to be uncertain about the choices made, or to choose
the dominated alternative in the internal validity test (Appendix
12 in Supplemental Materials found at https://dx.doi.org/10.1
016/j.jval.2022.07.012).

Discussion
Although studies eliciting stated preferences of the general or
average-risk population for CRC screening using a DCE have
already been conducted in particular in the United States, The
Netherlands, and Australia,35,36 to the best of our knowledge, this
is the ﬁrst one performed in Germany. Including 1142 respondents, the DCE revealed heterogeneous preferences among
the insurees and a high number of respondents who did not

answer the dominant choice set as expected a priori (type B
respondents). Type A respondents (n = 666, 58.3%) are characterized by higher education, fewer unemployed and migrants,
less likely rejecting screening, higher health literacy, and a
higher level of certainty in the choices made. They preferred
screening modalities that result in both fewer new cancer cases
and fewer cancer-related deaths. Type B respondents (n = 476,
41.7%) preferred tests that require bowel cleansing with laxatives
and ﬂuid diet and transportation home due to sedation. Contrary
to a priori expectations, both favored a higher (organizational)
effort. The LCM identiﬁed 3 groups with similar preferences.
Choice behavior of the largest class (class 1; n = 505, 44% of respondents) was based, above all, on procedural issues (comprehensive bowel cleansing, occasionally requiring transportation
home), whereas the other 2 classes primarily valued a beneﬁt
outcome most: either fewer cancer-related deaths (class 2; n =
347, 30%) or fewer new cancer cases (class 3; n = 290, 25%). Class
1 was characterized by lower education, more migrants, more
frequently choosing the dominated alternative in the internal
validity test, more uncertainty about the choices made, more
obesity, and lower health literacy.
An unexpectedly high proportion of 42% of the respondents
chose the procedure considered being clearly inferior in the internal validity choice set. Given that “irrational” appearing decision making can arise from several factors, excluding respondents
not having passed the test on internal validity might delete valid
choices and bias the results.37 Apparently, some of the respondents found it reassuring to be picked up and accompanied
home after the examination and did not value this as a (negative)
expense but rather as desirable. This is in line with a study that
explored why respondents’ preferences are not consistent with
the assumptions of utility theory by combining completing a DCE

PREFERENCE-BASED ASSESSMENTS

111

Figure 4. Relative importance of attributes for the 3 latent classes, deﬁned as the range between the highest and lowest preference
weight within an attribute and normalized, with preparation as the most important attribute of the largest class (class 1; n = 505) set to a
value of 10 as the reference attribute for all classes.

with the qualitative think aloud method.38 Participants who chose
the alternative with a higher number of days of preprocedure
dietary restrictions associated more extensive bowel cleansing
with greater accuracy of the examination.38 It is possible that the
observed choices of the initially “irrational” appearing respondents were not arbitrary, but reﬂected sound (unobservable
or omitted) reasons and “rational” considerations, even if these
differ from a priori expectations of the research team. Nevertheless, the large number of type B respondents may also be due to
shortcomings in the descriptions of attributes and levels or an
increased cognitive complexity, despite qualitative pretesting.37 To
enable reliable assumptions about whether or not “irrational”
appearing responses are preference based, questions that test the
understanding of the attributes used, open-ended questions about
motivations or reasons for choosing the dominated alternative in
the internal validity test, or questions about the level of conﬁdence in each of the choices made could be implemented in future
DCE surveys.16 The complementary use of qualitative methods
during or after completing a DCE could also contribute to a better
understanding of individual responses.39
The LCM revealed 3 classes with an important heterogeneity in
preferences for characteristics of CRC screening. The largest class
(class 1) valued procedural issues the most, which contrasts to
previous studies showing comparable attributes to be of secondary importance.40-43 Members of this class were on average more
likely to choose the dominated alternative in the internal validity
test. Consequently, the same assumptions as above hold true, at
least for the unexpected directions of preference weights of bowel
cleansing and accompaniment home. At the same time, members
of class 1 did (almost) not value the potential beneﬁts of
screening, which are presented as numbers suggesting that class 1
may have inferior numeracy skills as a reason for not having
considered these attributes.44 A lower educational level and lower

health literacy of class 1 being associated with lower numeracy
may support this hypothesis. Lower health literacy itself, especially regarding the ability to understand, to evaluate, and to use
information for decision making, could further explain the
high(er) value of procedural issues.45-48 Considering the certainty
of the decisions made as an indication of cognitive burden, it can
also be assumed that ignoring numerical attributes in the choice
tasks led to heuristics simplifying decision making.49 Another
reason to disregard beneﬁt outcomes may be that subjects took
the beneﬁts for granted due to a long-standing cancer screening
communication that emphasized beneﬁts and downplayed harms
to maximize participation rates.50-53 The implicit assumption of
beneﬁt may be even higher for procedures offered and reimbursed
by the statutory health insurance.
For members of classes 2 and 3, the most important attribute
was either to detect CRC at an early stage (class 2) or to prevent
CRC by removing precancerous lesions (class 3). This relevance of
beneﬁt outcomes for decision making is in line with the overall
screening logic and previous studies eliciting stated preferences
for CRC screening.54-57 Nevertheless, all of these studies included a
screening modality’s ability to reduce cancer incidence only in
combination with the reduction of cancer mortality.56,57 Future
DCE surveys should include a separate attribute on incidence,
given that to prevent cancer is clearly more beneﬁcial than to
prevent death from cancer and, as indicated by the results of the
present study, is highly relevant for decision making for at least
25% of insurees.
Although a comprehensive and unbiased presentation of
beneﬁts and harms is essential for enabling individual informed
decision making,18 complications had no impact on choices for
both class 1 and 2 members. Nevertheless, this conﬁrms previous
results of comparable studies41-43,55 in which attributes such as
pain or discomfort or the risk of complications were
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predominantly secondary. However, when asked, insurees want at
least to be informed about potential harms with high priority.58
The partially low importance of both attributes on beneﬁts, that
is, reducing disease incidence, and harms discovered huge deﬁcits
in understanding the rationale and key facts of screening procedures. Nevertheless, like in subjects who preferred process parameters for unknown reasons and as discussed earlier for type A
and type B respondents, we cannot exclude simpliﬁed heuristic
decision making for lower valuing key attributes on beneﬁts and
harms. In addition to further research efforts, public health and
healthcare services may address these heterogeneous preferences
by adapting information services to the needs of the target
groups59 and prioritizing and intensifying interventions to increase health literacy.
This study has limitations. First, using an experimental design
without an opt-out alternative resulted in a forced choice treating
every respondent as a “demander” because voting against
screening participation was, unlike in reality, not possible.60 This
may have led to missing values or even irrational appearing
(protest) answers among responding “nondemanders” and must
be considered when deriving (policy) recommendations.60 Second, as recommended by ISPOR,16 attribute identiﬁcation and
selection were based on evidence from a systematic review and
focus groups.17 Nevertheless, given that the number of attributes
used to deﬁne the choice tasks has an impact on the cognitive
complexity of the experiment, it is possible that attributes
considered relevant for decision making, for example, overdiagnosis,61,62 were excluded to ensure feasibility. Third, 4 of 6
attributes were quantitative, with numbers (rates) presented as
natural frequencies. Although the same denominators were used
to facilitate comparability63 and quantitative attributes are associated with a lower risk of being interpreted differently than
qualitative ones,25 it is possible that respondents with lower
numeracy skills had difﬁculties in understanding and interpreting
the choice tasks correctly.44,47 Finally, this survey was conducted
during the COVID-19 pandemic. Although studies from Germany
show that the use of screening colonoscopy in the summer of
2020 reached the level of the same period in the previous year or
even higher, the extent to which the pandemic inﬂuenced preferences remains unknown.64

Conclusion
This DCE revealed heterogeneous preferences. A majority of
respondents valued the potential beneﬁts of screening tests most
whereas the others focused on the tests’ process parameters or
utility. This warrants further research on the underlying reasons
and individuals’ motivations including internal validity issues of
DCE methods. Different preferences also suggest different informational needs that public health and healthcare services should
address to support everyone regardless of their health literacy
level in making individual informed decisions by weighing beneﬁts, harms, and processes.
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