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  ABSTRACT 

 Background. The introduction of innovative non-invasive screening tests (e.g. tests based on stool and blood 
samples or both) may be a solution to increase colorectal cancer (CRC) screening uptake. However, preferences for 
these non-invasive screening tests have not been investigated in great detail yet. The purpose of this article therefore is 
to elicit individuals ’  preferences for different non-invasive screening tests in a Dutch screening campaign context. 
 Material and methods. We investigate preferences by means of a labeled discrete choice experiment .  Data of 
815 individuals, aged 55 – 75 years, are used in the analysis. 
 Results. Multinomial logit model analysis showed that the combi-test is generally preferred over the blood-test 
and the (currently available) stool-test. Furthermore, besides the large effect of screening test type, there are signifi cant 
differences in preference depending on participants ’  socio-demographic background. Finally, the analysis showed a 
signifi cant positive effect on screening test choice for the attributes sensitivity, risk reduction, and level of evidence and 
a non-signifi cant effect for the attribute unnecessary follow-up test. 
 Conclusion. Introducing new non-invasive screening tests that are based on a combination of stool and blood 
samples (or blood sample only) has the potential to increase CRC screening participation compared to the current 
standard stool-based test.   

  It is of paramount importance to optimize colorectal 
cancer (CRC) screening participation as it helps to 
reduce the number of CRC deaths and morbidity 
[1,2]. Unfortunately, in many countries only a rela-
tively small proportion of the targeted individuals 
participate in CRC screening. For example, several 
studies that used a Dutch population sample found 
that the participation rate in non-invasive CRC 
screening ranges from 49% to about 60% [3,4].
There are many barriers that restrain individuals 
from participating in CRC screening such as the dis-
comfort and embarrassing nature of the test, limited 
knowledge about screening, the belief that screening 
is not effective, fatalism, the fear for fi nding cancer, 

and not wanting to know that something is wrong 
[5 – 7]. In this paper we investigate individuals ’  
preferences for three non-invasive screening methods 
that address some of these barriers and therefore 
may help to increase screening participation. These 
non-invasive screening tests do not require bowel 
preparations and never lead to complications in con-
trast to more invasive methods such as sigmoidos-
copy or colonoscopy. First, we consider the current 
standard screening test based on a stool sample. 
Second, we introduce a screening test that is new to 
the target population and based on a blood instead 
of a stool sample. This test may increase uptake of 
individuals that have a highly negative attitude 
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towards the collection of stool samples [6]. Third, 
we present a hypothetical  “ combination ”  test that is 
based on both a blood as well as a stool sample. This 
combi-test may be interesting as it has higher test 
accuracy (i.e. is more sensitive). Our idea for either 
the blood-test or combi-test is based on Bosch et   al. 
[8] who reviewed different molecular marker based 
tests in both blood and stool. 

 In sum, the introduction of new non-invasive 
screening tests that require different actions from 
individuals (e.g. taking a stool sample, blood sam-
ple, or a combination of both) and that have differ-
ent accuracy levels may be a potential solution to 
the participation problem in campaign-based CRC 
screening. Yet, individuals ’  preferences for such tests 
are unknown in a Dutch screening campaign con-
text. Information about potential screening partici-
pants ’  preferences and expected screening uptake is 
highly valuable as it may help policy makers in their 
decision whether or not to offer these tests in prac-
tice when they would become available for use. In 
this study, we elicit potential screening participants ’  
preferences for these new non-invasive screening 
tests and simulate choice shares and uptake when 
individuals would be offered these types of screen-
ing tests in a Dutch screening campaign context. 
More specifi cally, we provide an answer to the 
following research questions: 1) what are Dutch 
potential screening participants ’  preferences regard-
ing stool-, blood-, and combi-tests (i.e. is a more 
complex combi-test more attractive than a single 
test, and is a blood-test more attractive than a 
stool-test if accuracy is the same); 2) how do these 
preferences differ depending on participants ’  socio-
demographic characteristics; and 3) what role do 
test characteristics play in individuals ’  participation 
decision?   

 Material and methods  

 Discrete choice experiment (DCE) 

 A discrete choice experiment (DCE) is a powerful 
technique to measure consumer preferences for 
goods and services [9,10] that is based on the ran-
dom utility theory framework. The technique origi-
nates from marketing research, and was soon 
adapted for healthcare purposes such as the evalu-
ation of healthcare interventions [11]. It assumes 
that goods, services or interventions, like screening 
tests, can be defi ned by specifi c attributes (i.e. char-
acteristics) and their levels (i.e. attribute levels). 
Furthermore, a DCE applies an experimental design 
that consists of a series of choice tasks in which two 
or more hypothetical goods, services or interven-
tions are presented to respondents [9,10]. In each 
choice task respondents are asked to indicate their 
most preferred choice.   

 Selection of attributes and attribute levels 

 Attributes in the DCE are based on reviewing the 
literature on measuring preferences for CRC screen-
ing tests by means of discrete choice and conjoint 
analysis methods. The selected attributes (see 
Table I) are sensitivity (SENS), chance of unneces-
sary follow-up test (i.e. false-positive test result, 
UNNECESSARY FOLLOW-UP TEST), risk 
reduction of CRC death (RR), and scientifi c level 
of evidence (LEVEL OF EVIDENCE). The fi rst 
three attributes are included because they are used 
most often in the reviewed studies [12 – 22]. Fur-
thermore, their importance was confi rmed in struc-
tured interviews with Dutch experts in the fi eld 
(n    �    3). The fourth attribute  –  scientifi c level of 
evidence  –  indicates the strength of the scientifi c 

  Table I. Attributes, attribute descriptions, and attribute levels.  

Attributes Attribute descriptions Attribute levels

Chance that the screening test correctly 
identifi es that there is a polyp or 
colorectal cancer (sensitivity - SENS)

If there is a polyp or colorectal cancer, the screening 
test correctly identifi es this for  …  out of 100 
people with a polyp or colorectal cancer

50, 70, 90 * 
  55, 75, 95 *  * 

Chance of an unnecessary follow-up test 
  (false-positive test result) 
  (UNNECESSARY   FOLLOW-UP 
TEST)

The screening test incorrectly identifi es that there is a 
polyp or colorectal cancer and thus leads to an 
unnecessary follow-up test for  …  out of 100 people 
without a polyp or colorectal cancer

2, 4, 6 * 
  3, 5, 7 *  * 

Risk reduction of CRC death (RR) By taking part in screening, the chance that you die 
from colorectal cancer decreases by  …  % (from  …  
% to  …  %)

30, 40, 50 * 
  35, 45, 55 *  * 

Scientifi c level of evidence (LEVEL OF 
EVIDENCE)

The screening test characteristics  “ Chance that the 
screening test correctly identifi es that there is a 
polyp or colorectal cancer ” ,  “ Chance of an 
unnecessary follow-up test ” , and  “ Risk reduction of 
CRC death ”  are based on

Limited evidence (a small 
number of scientifi c studies), 
Strong evidence (a large 
number of scientifi c studies)

     * Levels for the stool- and blood-test;  *  *  Levels for the combi-test.   
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evidence available that is used to determine the lev-
els for the attributes sensitivity, chance of unneces-
sary follow-up test and risk reduction. This is a 
relatively less commonly used attribute, but an 
understanding of the strength of evidence is highly 
important for healthcare decisions [21,23]. Mar-
shall et   al. [24] argued that individuals ’  may take 
into account the scientifi c evidence that supports 
CRC screening tests when they decide to partici-
pate in screening and that presenting this informa-
tion may affect uptake. Furthermore, including this 
attribute is particularly relevant in this study as we 
also present respondents with screening tests for 
which available evidence is only limited. 

 The levels of the attributes that are used are also 
based on a literature review (see above), the same 
experts ’  opinions (n    �    3), as well as on an analysis of 
CRC-related mortality-risk data. More specifi cally, 
we confi rmed the correctness of the levels used by 
comparing them with an analysis of CRC-related 
mortality-risk data available at Erasmus MC, The 
Netherlands [25] in which probabilities of CRC-
related death are calculated given pre-specifi ed levels 
of sensitivity and specifi city. Attribute levels for the 
stool- and blood-tests differ from the attribute levels 
used for the combi-test to refl ect that this latter test 
is based on a combination of the aforementioned 
tests (see next section) and thus has, for example, a 
higher likelihood of being more sensitive. For each 
attribute we used three levels except for scientifi c 
level of evidence which has two levels. For a more 
detailed description of the attributes and attribute 
levels used we refer to Table I.   

 Experimental design 

 We created a labeled and blocked D-effi cient design 
by using priors from an earlier DCE as part of the 
DeCoDe study [26] and setting restrictions for spe-
cifi c attribute level combinations to promote real-
ism (i.e. combinations for the attribute levels of 
sensitivity and risk reduction). The design was cre-
ated in such a way that it allows for estimation of 
non-linear effects in the attribute levels. As two-way 
interaction effects were found to be non-signifi cant 
in an earlier DCE [26], these interactions were not 
incorporated in the current experimental design. 
Six blocks were used, each consisting of 12 choice 
tasks, to make the process of completing the survey 
not too burdensome for respondents [27]. The 
restrictions are such that: 1) the lowest sensitivity 
level is presented only in combination with one of 
the two lowest levels of risk reduction; and 2) the 
highest sensitivity level is only presented in combi-
nation with the two highest risk reduction levels. 
Using these restrictions comes at the cost of level 

balance, but makes the experimental design more 
realistic. The labels used in the experimental design 
represent the base line utilities of the three different 
screening tests (a stool-test, blood-test, and combi-
test). An option to indicate a preference not to par-
ticipate in screening is also available to respondents. 
This  “ opt-out ”  option is included to refl ect real-
world screening practice where individuals may 
decide not to participate in screening. The stool-test 
involves taking a stool sample by means of a test kit 
at home and sending this test kit to the laboratory. 
The blood-test involves taking a blood sample at the 
hospital. Finally, the combi-test is a test based on a 
combination of the stool- and blood-tests. This 
involves taking both a stool sample at home, by means 
of a test kit, and a blood sample at the hospital. Using 
a labeled design, that presents the actual names of the 
screening tests, we are able to investigate potential 
screening participants ’  preferences for these tests. 
Note that our explicit choice for the use of a labeled 
design refl ects our particular interest in simulating 
choice shares and expected screening uptake. It is 
feasible because of individuals ’  familiarity with the 
drawing of blood at the hospital and the collection of 
a stool sample at home also refl ects a situation that 
 –  though novel in terms of the specifi c tests  –  closely 
refl ects real life screening practice [12].   

 Survey and sample 

 Based on the blocked design we created six 
different web-based surveys (e.g. see Supplemen-
tary Appendix A to be found online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2013.877159). In each survey respondents were 
told that the Dutch government had decided to 
start with a national screening campaign for the 
detection of CRC in 2013. This was followed by 
an explanation of the importance of CRC screen-
ing. Specifi cally, we clarifi ed that the detection and 
removal of polyps helps to prevent CRC, and that 
the chance of survival increases when CRC is 
detected early. Furthermore, respondents were 
explained that there are different screening tests to 
detect polyps or CRC and that the survey was 
about their preferences for these tests. After this 
explanation they were informed about the different 
screening tests that can be used to detect CRC 
(Table II) and the attributes and attribute levels 
used to describe the different tests in the choice 
tasks. Respondents were also told that a (non-
invasive) screening test does not give a defi nite 
result, but that the test only indicates if an addi-
tional follow-up test is necessary. This was followed 
by more detailed information about the follow-up 
test. Eventually, respondents were presented 
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13 choice tasks in which they were asked to imag-
ine that they are invited to take part in the Dutch 
national screening campaign and that they have a 
choice between three different screening tests and 
an option not to participate in screening. Finally, 
respondents were asked to choose the test they 

preferred in each choice task. The fi rst question 
was a warm-up question and is not used in the 
analysis. After completion of this question the 
actual choice tasks followed on the next 12 pages 
(one on each page, see Table III for an example). 
All choice tasks were compulsory and respondents 
could only go on to the next page after having 
made a choice. When they fi nished the choice tasks 
respondents were asked some socio-demographic 
questions and thanked for their participation. 

 The surveys were placed on an online platform of 
a Dutch survey sampling solutions provider (SSI). 
Individuals were invited via e-mail to enter the plat-
form and to complete our survey. Selection took place 
in such a way that the sample was representative for 
the Dutch screening population based on age (between 
55 and 75 years) and gender (about equal percentage 
males/females). Eventually, 1575 individuals from the 
general Dutch population in the age category 55 – 75 
years started our online survey in the second half 
of July 2012. Assignment to one of the six survey 
versions took place randomly. After completing the 
survey respondents were offered the option to donate 
a limited amount of money to charity for free as a 
compensation for their participation.   

  Table II. Non-invasive screening test information.  

Test procedure

Stool-test At home you collect a small sample of your 
feces using a test kit. Then you send the test 
kit to the lab by post. If abnormalities are 
found, you are advised to participate in 
follow-up testing.

Blood-test A tube of blood is drawn at the hospital. This 
blood is sent to the lab for analysis. If 
abnormalities are found, you are advised to 
participate in follow-up testing.

Combi-test This test requires two steps. Step 1: At home 
you collect a small sample of your feces using 
a test kit. Then you send the test kit to the lab 
by post. Step 2: A tube of blood is drawn at 
the hospital. This blood is sent to the lab for 
analysis. If abnormalities are found for either 
one or both of the tests, you are advised to 
participate in follow-up testing.

  Table III. Choice task example * .  

Stool-test Blood-test Combi-test No participation

 Chance that the screening test correctly 
identifi es that there is a polyp or 
colorectal cancer 

  If there is a polyp or colorectal 
cancer, the screening test correctly 
identifi es this for  …  out of 100 
people with a polyp or colorectal 
cancer

Correct for:
  90 out of 100 people 

with a polyp or 
colorectal cancer

Correct for:
  70 out of 100 people 

with a polyp or 
colorectal cancer

Correct for:
  75 out of 100 people 

with a polyp or 
colorectal cancer

–

 Chance of an unnecessary follow-up test 
  The screening test incorrectly 

identifi es that there is a polyp or 
colorectal cancer and thus leads to 
an unnecessary follow-up test for

Unnecessary follow-up 
test for:

  6 out of 100 people 
without a polyp or 
colorectal cancer

Unnecessary follow-up 
test for:

  6 out of 100 people 
without a polyp or 
colorectal cancer

Unnecessary follow-up 
test for:

  5 out of 100 people 
without a polyp or 
colorectal cancer

–

 Risk reduction of CRC death
   By taking part in screening, the 

chance that you die from 
colorectal cancer decreases by  …  
% (from  …  % to  …  %)

Chance decreases by:
  50% (from 3.0% to 

1.5%)

Chance decreases by:
  30% (from 3.0% to 

2.1%)

Chance decreases by:
  45% (from 3.0% to 

1.65%)

–

 Scientifi c level of evidence
   The screening test characteristics 

 “ Chance that the screening test 
correctly identifi es that there is a 
polyp or colorectal cancer ” , 
 “ Chance of an unnecessary 
follow-up test ” , and  “ Risk reduction 
of CRC death ”  are based on

Based on:
  A large number of 

scientifi c studies 
(Strong evidence)

Based on:
  A small number of 

scientifi c studies 
(Limited evidence)

Based on:
  A large number of 

scientifi c studies 
(Strong evidence)

–

I prefer:  Ο 
  Stool-test

 Ο 
  Blood-test

 Ο 
  Combi-test

 Ο 
  No screening test 

participation

     * Note that the information in the table is translated from Dutch.   
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 Econometric model 

 We analyzed the data using two multinomial logit 
(MNL) models, one without and one with socio-
demographic characteristics in Nlogit 5.0. We 
included alternative specifi c parameters for the com-
bi-test in the models since the attribute levels for the 
combi-test are different from the levels for the stool- 
and blood-tests. In the models, the utility function 
specifi cation for a specifi c test, e.g. the stool-test 
( U  stool ), consists of a systematic component ( V  stool ) 
and an error component (  ε   stool ). Below, the utility 
functions are described in more detail for the model 
without socio-demographic characteristics. In this 
model ( β  0 ,  β  8 ,  β  9 ) represent the alternative specifi c 
constants for the stool-, blood- and combi-tests, 
respectively. The attributes sensitivity, unnecessary 
follow-up test, and risk reduction of CRC death are 
coded as dummy variables that represent the level for 
a specifi c attribute with the highest level as a base 
(e.g. SENS50 is a dummy variable which is coded 1 
if the test ’ s sensitivity is 50 and 0 otherwise). Fur-
thermore, level of evidence is a dummy variable 
coded 1 for strong evidence and 0 for limited evi-
dence. The parameters of the aforementioned vari-
ables for the stool- and blood-tests are represented 
by  β  1  –  β  7  and for the combi-test they are represented 
by  β  10  –  β  16 , respectively. The error components (  ε   stool ,  
 ε   blood ,   ε   combi ) capture unexplained variation in prefer-
ence and are assumed to be extreme value type I IID 
distributed. Note that the utility for choosing not to 
be screened ( U  notest ) is set to zero and used as a basis 
for comparison. 

 Results  

 Respondents 

 Of the 1575 individuals that started, 957 completed 
the survey (60.8%). From these completed survey 
versions we were able to use data of 815 respondents. 
More specifi cally, we deleted data from seven respon-
dents because they turned out not to fall in the 
intended age category (i.e. 55 – 75 years), from 19 
respondents because they currently were or had been 
CRC patients, and 122 respondents because they 
completed the survey in an amount of time that 
refl ected that they had not taken the choice task seri-
ously (less than 4 minutes). This completion time 
cut-off was discussed with and confi rmed by the sur-
vey sample provider as a good indicator. In total 420 
respondents were male (51.5%) and 395 female 
(48.5%). We present additional socio-demographic 
information of the data used in Table IV.   

 DCE results 

 The model estimation results are provided in 
Table V (models 1 and 2). The alternative specifi c 

  Table IV. Demographic characteristics.  

Demographic characteristic Average/Percentage

 What is your age ? 63.2 years (average)
 What is your gender? 
Male 420 (51.5%)
Female 395 (48.5%)
 Where are you born? *  
I was born in the Netherlands 774 (95.0%)
I was not born in the Netherlands 41 (5.0%)
 Where was your mother born? *  
In the Netherlands 761 (93.4%)
Not in the Netherlands 54 (6.6%)
 Where was your father born? *  
In the Netherlands 763 (93.6%)
Not in the Netherlands 52 (6.4%)
 What is the highest education level 

you have achieved? *  
 �  High School 484 (59.4%)
 �  High School 326 (40.0%)
Unknown 5 (0.6%)
 How healthy do you normally feel? 
  (0    �    worst health state, 10    �    best health 

state)

7.3 (average)

 Have you ever done a screening test? 
Yes 175 (25.2%)
No 640 (74.8%)
 Have you ever undergone a colonoscopy? 
Yes 237 (29.1%)
No 578 (70.9%)
 Do you know someone that has (had) 

colorectal cancer? 
Yes, someone from my family or friends/ 

acquaintances has (had) CRC
459 (56. 3%)

No 356 (43.7%)

     * Answer categories presented are combined.   

 U stool    �    Vstool �    ε   stool  

      �        β   0  �   β   1   *   SENS 50 �   β   2 
*

    SENS 70 
�   β   3 

*
    UNNECESSARY FOLLOW  –  UP TEST 2 

�   β   4 
*

    UNNECESSARY FOLLOW  –  UP TEST 4
 �   β   5 

*
    RR 30 �   β   6 

*
    RR 40

 �   β   7 
*

    LEVEL OF EVIDENCE �  ε   stool  

  U  blood    �      V  blood �    ε   blood  

      �        β   8 �    β   1  *  SENS 50 �   β   2 
*

    SENS 70
 �   β   3 

*
   UNNECESSARY FOLLOW  –  UP TEST 2

 �   β   4 
*

   UNNECESSARY FOLLOW  –  UP TEST 4 
�   β   5 

*
   RR 30 �   β   6 

*
    RR 40

 �   β   7 
*

   LEVEL OF EVIDENCE �  ε   blood  

  U  combi   �      V  combi �    ε   combi  

     �       β   9 �    β   10  *   SENS 55 �   β   11 
*

    SENS 75
 �   β   12 

*
    UNNECESSARY FOLLOW  –  UP TEST 3

 �   β   13 
*

    UNNECESSARY FOLLOW  –  UP TEST 5
 �   β   14 

*
    RR 35 �   β   15 

*
    RR 45

 �   β   16 
*

    LEVEL OF EVIDENCE �  ε   combi  

  U  notest   �     0    
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preference. In addition, we conducted a more 
detailed choice share simulation analysis to more 
clearly represent the size of this effect (see next sec-
tion). Furthermore, we found signifi cant negative 
effects for the sensitivity and risk reduction dum-
mies (baseline is highest attribute level) and a posi-
tive effect of strong level of evidence (baseline is 
limited scientifi c evidence) for all screening tests. 
This indicates that as expected, more sensitive 
tests, tests that lead to a higher risk reduction of 
CRC death, and tests that are supported by strong 

constants ( β  0 ,  β  8 ,  β  9 ) indicate the general preference 
of individuals for a particular screening test relative 
to the option not to participate in screening. They 
are signifi cant and have large positive values indicat-
ing that screening is preferred above no screening. 
The alternative specifi c constant for the combi-test 
( β  9 ) has the highest value followed by the constants 
of the blood- and stool-tests, respectively. The dif-
ferences between the tests are all signifi cant in 
WALD tests of equal parameter values (p    �    0.001) 
indicating a clear order in individuals ’  screening test 

  Table V. Model estimation results.  

Model 1
  (MNL, non-linear, 
alternative specifi c 

parameters for combi-test)

Model 2
  (MNL, non-linear, 
alternative specifi c 

parameters for combi-test 
 �  socio-demographics)

Variable b Se b Se

Stool ( β 0) 0.74 *  * 0.06 1.54 *  * 0.48
Blood ( β 8) 1.25 *  * 0.06 3.02 *  * 0.44
Combi ( β 9) 1.78 *  * 0.06 4.19 *  * 0.41
Sensitivity50 (SENS50) stool/blood ( β 1)  � 0.96 *  * 0.06  � 0.97 *  * 0.06
Sensitivity70 (SENS70) stool/blood ( β 2)  � 0.49 *  * 0.04  � 0.49 *  * 0.04
Unnecessary follow-up test2 stool/blood ( β 3) 0.05 0.04 0.05 0.04
Unnecessary follow-up test4 stool/blood ( β 4) 0.06 0.04 0.06 0.04
Risk reduction30 (RR30) stool/blood ( β 5)  � 0.44 *  * 0.06  � 0.45 *  * 0.06
Risk reduction40 (RR40) stool/blood ( β 6)  � 0.29 *  * 0.04  � 0.30 *  * 0.04
Level of evidence (strong) stool/blood ( β 7) 0.25 *  * 0.04 0.26 *  * 0.04
Sensitivity55 (SENS55) combi ( β 10)  � 0.71 *  * 0.07  � 0.75 *  * 0.07
Sensitivity75 (SENS75) combi ( β 11)  � 0.51 *  * 0.05  � 0.52 *  * 0.05
Unnecessary follow-up test3 combi ( β 12) 0.10 0.05 0.10 0.05
Unnecessary follow-up test5 combi ( β 13)  � 0.04 0.05  � 0.04 0.05
Risk reduction35 (RR35) combi ( β 14)  � 0.68 *  * 0.06  � 0.70 *  * 0.07
Risk reduction45 (RR45) combi ( β 15)  � 0.32 *  * 0.05  � 0.31 *  * 0.05
Level of evidence (strong) combi ( β 16) 0.31 *  * 0.04 0.32 *  * 0.04
High school ( � ) stool 0.78 *  * 0.08
Male stool  � 0.47 *  * 0.08
Ethnicity (Dutch) stool 1.13 *  * 0.17
Age stool  � 0.03 *  * 0.01
Colonoscopy experience stool 0.33 *  * 0.10
Screening test experience stool 0.38 *  * 0.11
High school ( � ) blood 0.54 *  * 0.08
Male blood  � 0.06 0.07
Ethnicity (Dutch) blood 1.12 *  * 0.15
Age blood  � 0.05 *  * 0.01
Colonoscopy experience blood 0.43 *  * 0.09
Screening test experience blood 0.10 0.11
High school ( � ) combi 0.62 *  * 0.07
Male combi  � 0.47 *  * 0.07
Ethnicity (Dutch) combi 0.75 *  * 0.13
Age combi  � 0.05 *  * 0.01
Colonoscopy experience combi 0.92 *  * 0.09
Screening test experience combi 0.38 *  * 0.10
LL  � 12181.25  � 11870.42
DF 17 35
-2LL ratio test  χ  ² (18)    �    621.66 *  * 
AIC 2.495 2.435

     *  Signifi cant at p    �    0.05;  *  *  Signifi cant at p    �    0.01.   
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scientifi c evidence are more likely to be chosen than 
less sensitive tests, tests that lead to a lower risk 
reduction of CRC death, and tests that are supported 
by limited scientifi c evidence. The parameters for the 
unnecessary follow-up test dummies are not signifi -
cant for the blood-, stool- and combi-tests. 

 To demonstrate how screening test preferences 
are affected by individuals ’  socio-demographic char-
acteristics we estimated a second MNL model in 
which we included the characteristics education, 
gender, ethnicity, age, colonoscopy experience and 
screening test experience using alternative specifi c 
parameters for each test (Table V model 2). These 
characteristics are represented by the dummy coded 
variables high school, male, ethnicity, age, colonos-
copy experience, and screening test experience. They 
are coded 1 if an individual ’ s education level is higher 
or equal to high school, gender is male, ethnicity is 
Dutch (i.e. the individual is born in the Netherlands), 
an individual has experienced a colonoscopy in prac-
tice, and if an individual has screening test experi-
ence (and 0 otherwise). Furthermore, age is a 
continuous variable. We found that individuals that 
are higher educated (i.e. education level higher or 
equal to high school), born in the Netherlands, 
younger, and that have experienced a colonoscopy in 
practice are more likely to participate in either screen-
ing test than individuals that are lower educated (i.e. 
education level lower than high school), not born in 
the Netherlands, older, and that have not experi-
enced a colonoscopy in practice. Furthermore, we 
found that women and individuals that have done a 
screening test before are more likely to participate in 
stool- and combi-tests than men, and individuals that 
have not done a screening test before.   

 Uptake simulation 

 We calculated test choice shares for several screening 
test scenarios by means of Nlogit ’ s simulation pro-
cedure using the MNL model estimation results 
(Table V model 1). First, we predict initial choice 
shares (i.e. choice shares based on the sample data) 
of 16.8%, 26.3%, 43.3%, and 13.6% for the stool-, 
blood-, combi-tests, and opt-out option, respectively. 
These choice shares indicate that, on average, the 
combi-test is preferred, followed by the blood-test 
and then the stool-test. 

 We also simulated choice shares when all three 
screening tests have the lowest utility (i.e. all three 
tests have the lowest sensitivity level, lead to the 
highest chance of an unnecessary follow-up test, 
have the lowest risk reduction level, and are sup-
ported by limited scientifi c evidence). In this case 
the choice shares are 13.5%, 22.5%, 38.1%, and 
25.9% for the stool-, blood-, combi-tests and 

opt-out option, respectively. Furthermore, we 
simulated choice shares when all screening tests 
have the highest utility. In this case choice shares are 
16.3%, 27.2%, 50.8%, and 5.73% for the stool-, 
blood-, combi-tests and opt-out option, respectively. 
Finally, in a screening test scenario where all three 
screening tests have an average utility (i.e. all three 
tests have an average sensitivity level, an average 
chance of an unnecessary follow-up test, an average 
risk reduction level, and are supported by limited 
scientifi c evidence) choice shares would be 16.4%, 
27.3%, 40.3%, and 16.1% for the stool-, blood-, 
combi-tests and opt-out option, respectively. If the 
level of scientifi c evidence for the stool-test would 
be strong instead of limited in the latter simulation, 
choice shares would be 20.1%, 26.0%, 38.5%, and 
15.4% (Figure 1). These simulations confi rm the 
target population ’ s order of test preference (combi-
test, blood-test, and stool-test) and indicate that in 
case three highest utility (i.e. best) screening tests 
are offered to individuals expected uptake would 
be 94.3%.    

 Discussion  

 Conclusion 

 In the introduction of the article we formulated 
three research questions: 1) what are Dutch potential 
screening participants ’  preferences regarding stool-, 
blood-, and combi-tests (i.e. is a more complex com-
bi-test more attractive than a single test, and is a 
blood-test more attractive than a stool-test if accu-
racy is the same); 2) how do these preferences differ 
depending on participants ’  socio-demographic char-
acteristics; and 3) what role do test characteristics 
play in individuals ’  participation decision? Our 
answer to the fi rst question is that the combi-test is 
generally preferred above the stool- and blood-tests 
and that, in case of a  ‘ single ’  test, the blood-test is 
preferred over the stool-test. This result is particu-
larly interesting for policy makers that aim to opti-
mize uptake because a stool-based test (the least 
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  Figure 1.     Choice shares for average utility scenarios for all tests 
(strong level of evidence for stool-test limited level of evidence for 
blood- and combi-tests).  
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preferred test in our study) is currently used in 
Dutch screening camping practice. 

 Our answer to the second question is that the 
socio-demographic characteristics education, gen-
der, ethnicity, age, colonoscopy experience, and 
screening test experience affect screening test choice. 
More specifi c, we found that individuals that are 
higher educated (high school or above), born in the 
Netherlands, younger, and that have experienced a 
colonoscopy in practice, are more likely to partici-
pate in either screening test, and that woman and 
individuals that have done a screening test before are 
more likely to participate in stool- and combi-tests. 

 Our answer to the third question is that the attri-
butes sensitivity, risk reduction of CRC death, and 
scientifi c level of evidence have a signifi cant positive 
effect on screening test choice and that the attribute 
 ‘ chance of an unnecessary follow-up test ’  has no sig-
nifi cant effect. Sensitivity and risk reduction of CRC 
death are the most important attributes. However, 
despite their importance, screening test type (i.e. the 
label) is most infl uential in screening test choice.   

 Limitations and further research 

 In this paragraph we present several limitations and 
possible considerations that may be interesting for 
future research. 

 A fi rst limitation deals with the description of the 
different tests used in the DCE. We described the 
stool-test as:  “ At home you collect a small sample of 
your stool by using a test kit. Then, you send the test 
kit back to the lab by post. If abnormalities are found, 
you are advised to do a follow-up test ” . Whereas the 
blood-test is described as:  “ In the hospital a tube of 
blood is drawn by means of a blood-test. This will be 
sent to the lab for analysis. If abnormalities are found, 
you are advised to do a follow-up test ” . In the stool-
test description there is no information about pos-
sible costs of sending the test kit to the lab, further-
more in the blood-test description there is no 
information given that informs individuals about the 
waiting time at the hospital. Presenting this addi-
tional information can be important as its inclusion 
may affect individuals ’  preferences for these screen-
ing tests. A related and interesting idea for future 
research would therefore be to test individuals ’  pref-
erences for stool-, blood-, and combi-tests using 
more detailed test descriptions. It may also be inter-
esting to investigate if preferences would change if 
the drawing of blood for a blood-test can be done at 
different locations (e.g. also at a general practitio-
ner ’ s offi ce instead of a hospital only). 

 A second limitation of our study is that the study 
set-up does not perfectly refl ect current screening 
practice. Uptake percentages found may therefore 

differ from actual uptake percentages. Specifi cally, in 
the Dutch CRC screening campaign that starts in 
2013 individuals will be invited to participate in a 
stool-test (i.e. iFOBT) and are not offered a choice 
between screening tests, whereas in our study indi-
viduals were presented a choice between three non-
invasive screening tests (and the option not to 
participate in screening). Therefore, our study set-up 
does not allow for more realistic uptake analyses in 
which individuals are only offered one standard 
screening test (e.g. the current standard stool-test). 
If we would have chosen a set-up in which individu-
als were not offered a choice between current and 
hypothetical innovative screening tests, but were only 
asked whether they would participate given the spe-
cifi c screening test offered, more realistic uptake 
analyses would have been possible. However, in this 
case it would have been very diffi cult to derive a 
relative order of preference for the three non-invasive 
screening tests and to determine the relative impor-
tance of the attributes of the screening tests. This 
information can best be derived from a DCE in 
which individuals are presented a choice between 
multiple screening test options  –  as has been done in 
our study  –  because they would be forced to make 
direct comparisons between different screening tests. 
Nevertheless, it would be an interesting idea for 
future research to also perform an experiment with 
a set-up that offers no choice between screening tests 
and to compare the results with our study. 

 A third limitation, also related to the procedure 
of the test, is that we did not specify the screening 
interval (i.e. we have not told respondents that FOBT 
screening is usually repeated every two years). Fur-
thermore, we did not provide information about how 
the test results are communicated to patients. How-
ever, in earlier research the variable transmission of 
test result (i.e. by mail, gastroenterologist, or physi-
cian) was found to be non-signifi cant [19]. Therefore 
it was omitted from the current task. 

 Fourth, the fact that the choice tasks presented 
to respondents were relatively complex can be con-
sidered as another limitation. We used a large amount 
of (probability) information to present the attributes 
and attribute levels in a choice task. The reason for 
this was to present the information of the attributes 
and attribute levels as precise as possible. 

 Fifth, about 56% of the respondents reported to 
know someone who has (had) CRC. This seems to 
be a large percentage and may be an indication of 
sample bias for CRC-related experiences. However, 
this high percentage can also be explained by the fact 
that CRC is one of the most common cancers in 
individuals aged above 55. Furthermore, it may be 
the case that individuals considered many people in 
their environment as  ‘ friends/acquaintances ’  leading 
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to a high percentage of individuals in this category. 
The fi nding that almost 30% of the individuals in 
our sample had undergone a colonoscopy may be 
explained by the possibility that individuals did not 
distinguish between fl exible sigmoidoscopy and 
colonoscopy due to barriers in their knowledge about 
CRC screening [5]. 

 Finally, we conclude by noting that DCEs reveal 
stated preferences and that individuals ’  actual par-
ticipation decision (or screening test choice) may be 
different if the stool-, blood-, and combi-tests would 
be offered in a real life setting. Due to the fact that 
our DCE involves hypothetical choices (i.e. the 
blood- and combi-tests do not represent current 
screening practice) and the fact that stated prefer-
ences (SP) and revealed preferences (RP) data may 
differ [28], decision makers should be cautious 
when they use the choice shares and choice share 
changes from our analysis to support decision mak-
ing. Specifi cally, our results have limited value for 
predicting the uptake of the current standard stool-
test in the actual Dutch screening campaign due to 
the presence of the hypothetical screening tests in 
the choice tasks. However, the derived choice shares 
indicate the target populations ’  relative order of 
preference for the hypothetical screening tests in 
comparison with the current standard stool-test, 
and thus provide information about the potential of 
these screening tests in future CRC screening cam-
paigns based on population preferences. A fi nal pos-
sibility for future research would therefore be an 
analysis of direct comparisons to actual choices 
made in the Dutch screening campaign and the 
results from our analysis. It would be highly inter-
esting to compare and maybe combine RP and SP 
data [28] and investigate possible discrepancies 
between the two.   

 Theoretical and managerial implications 

 With this paper we build on the existing literature 
that focuses on measuring individuals ’  test prefer-
ences to screen for CRC by means of discrete choice 
experimentation. As far as we know, this is the fi rst 
DCE-based study that investigates Dutch individu-
als ’  screening test preferences for non-invasive screen-
ing tests that are based on samples of blood, stool, or 
a combination of these. Despite that a stool-based 
test (iFOBT) will be used in the Dutch CRC screen-
ing campaign that starts in 2013, our fi ndings illus-
trate a clear preference of the general public for other 
non-invasive screening tests such as blood- and com-
bi-tests. Although theoretically interesting, this fi nd-
ing also has practical value as it can be used to 
support research on new molecular marker based 
screening tests for use in future CRC screening cam-

paigns. According to our fi ndings more emphasis 
should be placed on an investigation of the clinical 
value of new molecular markers for the detection of 
CRC in blood as well as stool samples, as the use of 
accurate blood- and combi-tests would most likely 
increase screening participation. However, one should 
note that this fi nding cannot be generalized as it may 
be different in other countries. Nayaradou et   al. [19], 
for example, found that the French general public 
prefers tests based on a stool sample instead of a 
blood sample. One explanation for this may be the 
existing cultural differences between countries. 
Another explanation may be the difference between 
samples used. In our study individuals have, on aver-
age, less experience with CRC screening. We found 
that individuals are more likely to prefer the stool-test 
above the blood-test when they have screening test 
experience, possibly due to endowment effects or sta-
tus quo bias [29]. This difference in individuals ’  CRC 
screening experience may thus explain why stool-
tests are preferred above blood-tests in Nayaradou 
et   al. [19], but not in our study. Furthermore, the 
question remains whether blood-tests, that are as 
accurate as or more accurate than the current stan-
dard stool-test, can actually be developed in practice. 
With this in mind, another practical suggestion would 
be to positively affect consumer preferences for the 
stool-test using, for example, marketing strategies 
that clarify the benefi ts of stool-based testing to the 
general public. This is particularly relevant given that 
stool-tests will be used in the current Dutch screen-
ing campaign and that this type of test is also likely 
to be used in future screening practice. 

 The fi nding that, in their screening participation 
decision, individuals put most attention to the screen-
ing test (label) (i.e. blood-, stool-, or combi-tests) 
rather than the characteristics of the screening test 
can be used by policy makers in practice. They could, 
for instance, emphasize the type of screening test(s) 
used in screening invitation fl yers and focus less on 
the explanation of the test ’ s characteristics. This fi nd-
ing is similar to de Bekker-Grob et   al. [12] in which 
results of a labeled and unlabeled DCE are com-
pared. The authors found that reduced attention was 
given to attributes in a labeled (versus unlabeled) 
design and illustrated that a large percentage of 
respondents (approximately 22%) had dominant 
preferences for the screening test labels. This was 
also the case in our study in which approximately 
33% of individuals had dominant preferences for a 
specifi c type of screening test. 

 Based on market share calculations on the sample 
data approximately 86% of the individuals would 
take part in screening. This participation rate is 
somewhat higher than in other Dutch DCE-based 
studies. For example, van Dam et   al. [22] found that 
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uptake would be 72% for FOBT screening given a 
10% risk reduction of CRC-related death. Further-
more, Hol et   al. [15] found uptake rates of 68% for 
FOBT and 77% for colonoscopy screening on the 
basis of realistic screening intervals and a mortality 
reduction level adapted from the literature. One 
explanation for the somewhat higher participation 
rates in this study may be the specifi c type of DCE 
used, that is, our DCE is labeled instead of unlabeled 
[12] and does not offer individuals a direct choice 
for an invasive follow-up test (colonoscopy). Another 
explanation may be based on the fact that, in our 
DCE, individuals are offered a choice between three 
different screening tests, and therefore have a higher 
chance to get a screening test for which they would 
be willing to participate. In practice decision makers 
may use this concept of customized care (i.e. not only 
offering a standard screening test which is the same 
for everyone, but offering individuals a choice 
between blood-, stool-, and combi-tests) as this may 
increase screening participation.                            
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