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Chapter 3

Choice Certainty, Consistency,
and Monotonicity in Discrete
Choice Experiments

3.1 Introduction

This study investigates choice certainty, choice consistency, and choice mono-
tonicity in the context of discrete choice experiments (DCE). There is heterogene-
ity in the choice literature on the definition of these terms. Our definitions fol-
low the most common practice in the DCE literature, as identified by a literature
review of studies which assess the determinants of certainty, consistency, and
monotonicity (see Section 3.2). "Choice certainty" henceforth refers to "stated
choice certainty", as it is based on respondents’ self-reported answers to a ques-
tion on choice certainty after each choice task. In the broader microeconomic
literature, "choice consistency" is often linked to the axiom of transitivity (e.g.
Jehle and Reny, 2001). However, we follow the definition by Carlsson, Mørk-
bak, and Olsen (2012), and define choice consistency as "making the same choice
in two equal choice tasks". An identical definition of choice consistency is used
in the DCE literature on the determinants of consistency in a test-retest setting
(Brouwer, Logar, and Sheremet, 2016; Mørkbak and Olsen, 2015; Rigby, Burton,
and Pluske, 2016; Schaafsma et al., 2014). Finally, "choice monotonicity" is as-
sumed to hold if a respondent chooses a non-dominated alternative in a choice
task that contains a dominated alternative, which is a hypothetical alternative
that is worse than at least one other alternative in a choice task with respect to
all attributes.
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The rationale to investigate these concepts simultaneously is threefold. First,
in contrast to the existing literature, an integrated analysis of the three constructs
on the basis of an identical sample of respondents allows us to examine how they
relate to each other and to identify their common and idiosyncratic drivers. We
thereby specifically focus on two measures of choice-task complexity. Second,
although a number of studies investigate potential determinants of choice cer-
tainty and choice consistency separately, we are not aware of any studies in the
field of environmental economics that aim to identify the drivers of choice mono-
tonicity in DCEs. As well as such a novel investigation, the simultaneous anal-
ysis allows us to assess whether the drivers of choice monotonicity are common
to the determinants of choice certainty and consistency, or whether they are id-
iosyncratic. Finally, the existence of all three concepts disagrees with the conven-
tional assumptions made in microeconomics that people know their preferences
perfectly, and that these preferences are stable, coherent, and rationally maxi-
mized (e.g. Brown et al., 2008; Rabin, 1998). Choice monotonicity in the frame-
work of microeconomics is related to the axiom of consumer choice, which, in
its strict formulation, implies that more is always better than less (e.g. Jehle and
Reny, 2001). Accordingly, in the context of a DCE, a choice alternative should be
preferred over another alternative when the first is better on one attribute and
at least as good on all the other attributes. The existence of choice uncertainty,
inconsistency, and non-monotonicity is hence typically ruled out in DCEs. How-
ever, even if evidence for their existence is found, this does not necessarily imply
choice irrationality. Preferences are, for example, allowed to shift between choice
tasks (Rigby, Burton, and Pluske, 2016). In addition, a key assumption in ran-
dom utility theory (McFadden, 1974), which underlies the DCE method, is the
existence of an informational asymmetry between the decision maker and the an-
alyst. Thus, it is not always straightforward to identify all the underlying causes
of choice behavior from the choice information collected in a DCE. Choice behav-
ior may be, for example, driven by attributes which are present in a respondent’s
utility function but not included in a DCE. In this case, a behavioral violation of
conventional assumptions would reflect more a misspecification of the DCE than
evidence for choice irrationality. It is nevertheless relevant to detect the degree
to which choice uncertainty, inconsistency, and non-monotonicity are present,
since they affect the outcomes of choice models. Moreover, identifying their de-
terminants is of interest, as it may help to minimize their causes. The occurrence
of uncertainty, inconsistency, and non-monotonicity is especially likely in DCEs,
since respondents are often confronted with unfamiliar goods and/or attributes.
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Even if the characteristics of the good are familiar to a respondent, it may still be
cognitively challenging to conceptualize specific attribute levels (Rigby, Burton,
and Pluske, 2016).

In the first part of this paper, we aim to compare choice models based on
choice responses that differ with respect to choice certainty, consistency, and
monotonicity. We first investigate stated choice certainty. The information on
choice certainty at the choice-task level enables us to investigate possible dy-
namic effects of choice certainty over the course of the experiment. Furthermore,
we assess the effect of including choice certainty questions in the survey. For this
purpose, we use a split-sample approach and present the choice certainty ques-
tions to only half of the respondents. The procedural effect of posing a question
on certainty has, to the best of our knowledge, only been studied in Brouwer et
al. (2010). We add to this study by also investigating the potential effects caused
by the presence of certainty questions at a choice-task-specific level. Next, in or-
der to analyze choice consistency, the first choice task is randomly repeated at
varying positions in the choice-task sequence within the same DCE. This allows
us to detect the degree of choice consistency, and to check for locational effects
of the repeated task on consistency. Finally, choice monotonicity is assessed by
including a choice task that involves a dominated choice alternative in a choice
set.

The second part of the analysis comprises logit models that regress choice
certainty, consistency, and monotonicity on possible determinants in order to
identify common and unique drivers of these concepts. In doing so, we focus
on investigating which of two measures of choice-task complexity, i.e. entropy
or the utility difference between the chosen and the second-best alternative in
a choice task, has a higher explanatory power in the models. This is a novel
contribution to the literature, since these two measures of choice-task complexity
have not been compared before.

The remainder of this paper is structured as follows: Section 3.2 provides a
literature review on choice certainty, consistency, and monotonicity. The litera-
ture review aims to identify the key determinants and hypotheses that will be
used in the subsequent logit models. Section 3.3 describes the econometric mod-
els, and Section 3.4 the case study and the DCE design. Section 3.5 presents the
results, and there follows a discussion and conclusions in Section 3.6.
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3.2 Choice certainty, consistency, and monotonicity
in discrete choice experiments

The literature on choice certainty in the context of DCEs can be divided into
two streams, one of which investigates how to account for choice certainty in
choice models, while the other focuses on the determinants of choice certainty.
Within the first stream of literature, there are studies that consider stated choice
certainty in choice models by excluding, recoding, or weighting responses ac-
cording to their self-reported choice certainty (e.g. Beck, Fifer, and Rose, 2016;
Beck, Rose, and Hensher, 2013; Kosenius, 2009; Lundhede et al., 2009). Since
treating choice certainty as an explanatory construct in this manner raises the is-
sue of endogeneity, some authors have switched to more complex models which
treat stated choice certainty as a latent construct (e.g. Dekker et al., 2016). Other
studies focus on inferred rather than on stated choice certainty by assuming that
a higher choice certainty is reflected in a lower error variance (Brouwer et al.,
2010; Uggeldahl et al., 2016). The second stream of research consists of studies
that estimate mainly logit or probit models in order to investigate the determi-
nants of stated choice certainty. These studies, and the significant determinants
they detect, are listed in Table 3.1.

The most common definition of choice consistency in the DCE literature is
to make identical choices when faced with identical choice tasks1. Therefore,
the usual test for choice consistency is to repeat one or several choice tasks us-
ing either the same or different samples of respondents. This is implemented
between separate choice survey occasions (test-retest) which implies a time-lag
(Bliem, Getzner, and Rodiga-Laßnig, 2012; Brouwer, Logar, and Sheremet, 2016;
Liebe, Meyerhoff, and Hartje, 2012; Mørkbak and Olsen, 2015; Rigby, Burton,
and Pluske, 2016; Schaafsma et al., 2014) or within the same survey which re-
sults in almost no time-lag or a lag in the order of few minutes (Brouwer et al.,
2010; Brown et al., 2008; Campbell, 2007; Carlsson, Mørkbak, and Olsen, 2012;
Hanley, Wright, and Koop, 2002; Rigby, Burton, and Pluske, 2016; Rulleau and
Dachary-Bernard, 2012; Scarpa, Campbell, and Hutchinson, 2007; Soliño et al.,
2012). There is, again, a stream of literature that investigates the drivers of choice
consistency in DCEs by estimating binomial models, listed in Table 3.2. Note that
all studies except Carlsson, Mørkbak, and Olsen (2012) investigate choice consis-
tency in a test-retest setting.

1Some studies test for alternative definitions of choice consistency. Brown et al. (2008), for exam-
ple, focus on circular triads, that is, on preferences which imply A > B > C > A.



3.2. Choice certainty, consistency, and monotonicity in DCEs 45

TABLE 3.1: Studies that regress stated choice certainty on its de-
terminants

Authors (year of
publication)

Model estimated Significant determinants (direction of the
effect)a

Brouwer et al. (2010) Ordered probit Age (+)
Credibility of the alternatives (+)
Experience with the DCE’s topic (+)
Familiarity with the information provided (+)
Income (+)
Male gender (+)
Utility differenceb (+)

Dekker et al. (2016) Latent variable Credibility of the alternatives (+)
model approach Male gender (+)

Entropy (-)
Survey length (-)

Hensher, Rose, and
Beck (2012)c

Generalized
ordered logit

Differences between the attribute levels of the
status quo and non-status quo alternatives (+)
Environmental attitude (+)
Stated number of acceptable alternatives per
choice set (+)
Income (-)
Number of children in household (-)

Kosenius (2009) Binary logit Acceptance of scenario elements (+)
Male gender (+)
Positive attitudes towards the scenarios (+)
Time spent at the resource valued (+)
University degree (+)
Utility differenced (+)

Olsen et al. (2011)e Ordered probit Income (+)
Utility differenceb (+)

Uggeldahl et al. (2016) Fixed effects Utility difference (+)
regression model Choice of the status quo option (+)

Gaze shifts (eye-tracking) (-)
Later position of the task (-)

Notes: aSome studies also included attributes and scenario-related variables as regressors.
These are not listed.

bBetween the chosen and the second-best alternative.
cCertainty in terms of how certain it is that respondents will choose in a real situation
the same alternative as they indicated they would choose in the choice tasks.

dBetween the alternatives with the highest and the lowest utility in a choice task.
eThe results of two case studies are reported. We only report the effects that
proved to be stable across both case studies.



46 Chapter 3. Choice Certainty, Consistency, and Monotonicity

TABLE 3.2: Studies that regress choice consistency on its deter-
minants

Authors (year of
publication)

Model estimated Significant determinants (direction of the
effect)

Brouwer et al. (2016) Binary probit Choice certainty (stated) (+)
Credibility of the information provided (+)
Differences between the choice task attribute
levels (+)
Membership in an environmental
organization (+)

Carlsson, Mørkbak,
and Olsen (2012)

Binary probit Choice of the status quo option in the first
sequence (+)
Later position of the repeated task (+)
Stated certainty that the chosen alternative
provides the largest utility (+)
Utility differencea (+)

Mørkbak and Olsen
(2015)

Binary probit Utility differencea (+)
Income (-)

Rigby, Burton, and
Pluske (2016)

Binary probit Willingness to take on more complex tasks (+)
Entropy (-)

Schaafsma et al. (2014) Binary probit None
Note: aBetween the chosen and the second-best alternative.

A considerable amount of literature in health economics includes a test for
monotonicity in the form of a choice task, where one alternative is superior to
the other alternatives on all choice attributes (e.g. De Bekker-Grob, Ryan, and
Gerard, 2012; Determann et al., 2017; Lancsar and Louviere, 2006; Özdemir et
al., 2010; Soliño et al., 2012). Based on the outcome of choice monotonicity tests,
a part of the survey participants are typically excluded from further analysis
in health studies. Examples of DCEs in environmental economics that include
a choice task with a dominant or dominated alternative are: Bateman, Munro,
and Poe (2008), Campbell (2007), Foster and Mourato (2002), Hanley, Wright,
and Koop (2002), and Scarpa, Campbell, and Hutchinson (2007). However, the
literature that investigates the determinants of choice monotonicity is limited
and, to the best of our knowledge, non-existent in environmental economics. In
health economics, San Miguel, Ryan, and Amaya-Amaya (2005), for example,
test for monotonicity as suggested in this study and, in addition, run further
monotonicity tests and regress their results on explanatory variables. Their most
important finding implies that respondents who state they have great difficulty
with a choice task are less likely to pass the monotonicity test, i.e. to choose the
theoretically expected alternative. They also detect a positive effect of higher
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education on choice monotonicity, and a bell-shaped effect of age, indicating
that both younger and older respondents have a lower probability of passing
the monotonicity test. Finally, an inverted bell-shaped effect of the repeated task
position reflects the situation that choice consistency is determined by learning
effects for an early position of the repeated choice task, and by fatigue setting in
for later positions (Swait and Adamowicz, 2001a).

The review of the literature reveals several key determinants of choice cer-
tainty, consistency, and monotonicity. The most important regressors identified
are included in our analysis in Section 3.5.3. Variables that proved to be signifi-
cant in at least three studies include gender, where we expect male respondents
to state a higher choice certainty than female respondents. Furthermore, income
seems to be important, although the direction of the effect is unclear: Brouwer et
al. (2010) report a positive effect on choice certainty, wherea Hensher, Rose, and
Beck (2012) find the opposite. Mørkbak and Olsen (2015) confirm the latter with
respect to choice consistency. The authors argue that this may be due to a lower
importance of the price attribute for high-income respondents, which adds more
randomness to their choices. A further ambiguous variable is higher education,
which is reported to have a positive effect on choice certainty and monotonic-
ity by, respectively, Kosenius (2009) and San Miguel, Ryan, and Amaya-Amaya
(2005). On the other hand, Olsen et al. (2011) and Dekker et al. (2016) control
for it, but find no effect. Based on the literature review, we also expect that posi-
tive (environmental) attitudes positively affect choice certainty and consistency.
Finally, there is ambiguity in the use of either entropy or utility difference as
an indicator for choice-task complexity. Our analysis hence aims at comparing
the explanatory power of the two measures. Both measures of task complex-
ity have different origins: Entropy originates from information theory (Shannon,
1948; Soofi, 1994; Swait and Adamowicz, 2001b). In the realm of DCEs, entropy
describes the equality of a choice task’s alternatives based on the predicted in-
dividual specific probabilities of choosing each alternative. We hypothesize that
the higher the entropy, and therefore the more similar the choice alternatives in
a choice task, the higher is the choice-task complexity. Higher choice-task com-
plexity, in turn, is expected to reduce choice certainty, consistency, and mono-
tonicity. Utility difference, in contrast, has its roots in Wang (1997). We follow the
literature’s adaptation of Wang’s hypothesis to a DCE context, and hypothesize
that the choice complexity of a choice task is highest when the utility difference
between alternatives is lowest (Brouwer et al., 2010; Carlsson, Mørkbak, and
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Olsen, 2012; Mørkbak and Olsen, 2015; Olsen et al., 2011). Hence, a higher util-
ity difference (and therefore a presumably lower task complexity) is expected
to increase choice certainty, consistency, and monotonicity. Finally, we include
two paradata variables related to time: The time spent by survey respondents
reading informational pages that appear before the actual choice tasks, and the
time used per choice task. The latter has been shown to outperform eye-tracking
information in predicting stated choice certainty (Uggeldahl et al., 2016). We ex-
pect the time used per choice task to have a negative impact on stated choice
certainty, and the time used for reading informational pages to positively affect
certainty, consistency, and monotonicity.

3.3 Econometric Models

The Swait-Louviere test procedure (Swait and Louviere, 1993) is applied to assess
whether there are differences between the choice behavior of respondents who:
(i) state they are certain or uncertain about their choices; (ii) choose consistently
or inconsistently; (iii) were and were not asked a question on choice certainty;
and (iv) were subjected to different positions of the repeated choice task in the
choice sequence. The test procedure for verifying the equality of choice behavior
between all these groups of respondents consists of two steps. In a first step, the
equality of preference parameters between different samples is assessed. For-
mally, the following hypothesis is tested:

HSLA
0 : β1 = β2 = βpooled. (3.1)

This hypothesis is tested by estimating attribute-only mixed logit (MXL) models
(see equation 3.5) for two different samples, as well as for a pooled sample. In
the latter case, the scale parameters (µ1 and µ2) are allowed to differ between the
samples. Formally, the hypothesis in equation 3.1 is assessed by the likelihood
ratio (LR) test-statistic:

LR = −2
[
LLµ1 6=µ2

pooled − (LL1 + LL2)
]
. (3.2)

IfHSLA
0 is rejected, one cannot conclude whether the difference between the sam-

ples is caused by differences in preference parameters or differences in both pref-
erence and scale parameters, because they are confounded (Louviere, Hensher,
and Swait, 2000). If, however, HSLA

0 cannot be rejected, one is able to proceed to
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the second step of the test procedure and isolate differences in scale parameters
between two samples:

HSLB
0 : µ1 = µ2 = µpooled. (3.3)

Note that scale parameters are inversely related to the error variance. Equation
3.3 is tested by comparing the log-likelihood of the pooled model which allows
for different scale parameters between the samples and another pooled model
that does not allow for the scale factors to vary:

LR = −2
[
LLµ1=µ2

pooled − LL
µ1 6=µ2

pooled

]
. (3.4)

If equation 3.4 is not rejected, we cannot reject the equality of scale parameters
between the two samples.

Logit models are used for regressing choice certainty, choice consistency, and
choice monotonicity on their determinants. More specifically, we estimate binary
logit models to identify the determinants of choice consistency and monotonic-
ity, and ordered logit model to assess the drivers of choice certainty (see, e.g.,
Cameron and Trivedi (2005) for the econometric specifications of these models).
The latter are random-effects panel specifications, since choice certainty is ana-
lyzed at a choice-task level, whereas choice consistency and monotonicity mod-
els can only be estimated at the respondent level. Amongst other regressors,
two measures of choice-task complexity are included: The expected utility dif-
ference between the chosen alternative and the second-best alternative, as well
as entropy. The procedure to calculate both of these measures begins with es-
timating an attribute-only MXL model based on the following MXL probability
distribution for each individual n, alternative i, and choice task t:

Pnit(β) =

∫ ( eβ′nxnit∑
j e
β′nxnjt

)
f(β)dβ. (3.5)

On the basis of equation 3.5, the MXL model parameters are estimated by apply-
ing maximum likelihood estimation on the appropriate log-likelihood function.
This model does not include any sociodemographic covariates, since the logit
models that follow already control for these. In order to determine the expected
utility difference, the individual-specific aggregate utility for each choice alter-
native in each choice task is calculated based on the MXL model results. Finally,
the difference in expected utility between the observed choice j and the second-
best alternative (either k or l in our context with three choice alternatives (see
Section 3.4.1)) for each choice task t and each individual n is computed. The
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utility difference can formally be specified as follows (e.g. Olsen et al., 2011):

Utility differencent = E
(
Unjt(xnjt, εnjt)

)
−

−max
[
E
(
Unkt(xnkt, εnkt)

)
;E
(
Unlt(xnlt, εnlt)

)]
=

= β̂′nxnjt −max
[
β̂′nxnkt; β̂

′
nxnlt

]
.

(3.6)

A similar procedure was applied to calculate entropy again using the estimated
MXL model. The entropy measure utilizes the predicted choice probabilities P
obtained from the MXL model, and estimates a value of choice-task complex-
ity for each individual n and each choice task t as follows (Rigby, Burton, and
Pluske, 2016; Shannon, 1948; Soofi, 1994; Swait and Adamowicz, 2001b):

Entropynt = −
I∑
i=1

P (i)lnP (i) ≥ 0. (3.7)

For the case of three choice alternatives in a choice task, entropy can reach a
maximum value of approximately 1.1, given that the probability of choosing an
alternative is identical for all three alternatives. In contrast, if the probability of
choosing an alternative equals 1, entropy reaches its minimum value of 0.

3.4 Case-study description

3.4.1 Discrete choice experiment

Following the nuclear accident in Fukushima, Japan, the Swiss government re-
leased a policy paper on the long-term Swiss energy strategy in 2011 ("Energy
Strategy 2050" (SFOE, 2013)). Our study incorporates two main strategic goals of
this energy strategy: The expansion of electricity produced by hydropower, and
the phase-out of nuclear power plants. Hydropower and nuclear power consti-
tute by far the most important sources of electricity production in Switzerland,
with respective shares in total electricity production of 60% and 34% in 2015
(SFOE, 2016). From a policy perspective, an expansion of hydropower renders
a phase-out of nuclear power more likely, since the probability and the conse-
quences of a loss in electricity production that such a phase-out may involve
could be reduced. Due to this interlinkage of the envisaged policies for the two
main sources of electricity in Switzerland, the preferences for hydropower and
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nuclear power should correspondingly be studied simultaneously. For this rea-
son, we designed a DCE that focuses on a hypothetical expansion of hydropower
and takes into account the expected decrease in the provision of nuclear power.
The DCE includes three choice alternatives: two unlabeled hydropower expan-
sion scenarios, and one status quo scenario. The scenarios are characterized by
four attributes and their associated levels, as summarized in Table 3.1.

TABLE 3.3: Attribute and attribute levels in the DCE

Attribute Attribute levels in hypothetical
alternatives

Attribute levels in
status quo alternative

Type of hydropower
expansion

Extending existing hydropower
plants

Construction of new hydropower
plants

No hydropower
expansion

Lifetime risk of death
from a dam breach

20% increase in risk (1 in 750,000
people are expected to die)

40% increase in risk (1 in 650,000
people are expected to die)

Current risk (1 in
900,000 people are
expected to die)

Lifetime risk of death
from a nuclear accident

60% decrease in risk (1 in 7 million
people are expected to die)

30% decrease in risk (1 in 4 million
people are expected to die)

Current risk (1 in 3
million people are
expected to die)

Increase in household’s
annual electricity bill
(CHF)

100, 200, 300, 400, 500, 600 No change in the
annual electricity bill

The first attribute describes whether the current hydropower plants would
be extended, or whether new facilities would be constructed. It is explained
to survey respondents that the construction of new plants is associated with
stronger detrimental environmental effects compared with the extension of ex-
isting plants. The second and third attributes reflect the changes in the risk of
death associated with an expansion of hydropower and a reduction in nuclear
power production, respectively. Both risk attributes can take on three levels,
one of which appears only in the status quo alternative. The absolute risk mag-
nitudes of both attributes were carefully constructed on the basis of data from
existing studies (Burgherr and Hirschberg, 2008, 2014; Hirschberg et al., 2016).
The relative changes in risk are based on realistic scenarios and reflect the type
of hydropower plants that would be built or extended (only plants with dams or
various types of plants) and the number of nuclear power plants in Switzerland
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that would be phased-out2. Care was taken in communicating the risks of death
to respondents with the help of risk ladders. The risk ladders put the risks associ-
ated with hydropower and nuclear power into context by comparing them with
other risks of death. Finally, a price attribute was included which was framed
as an increase in a household’s yearly electricity bill3. The results of two pretest
rounds with a total of 570 respondents (see Section 3.4.3) was used to define and
calibrate meaningful attribute levels. Figure 3.1 presents an example of a choice
task. Each respondent received a sequence of eight choice tasks.

A) Expansion B) Expansion C) No expansion

Type of hydropower 

expansion 

Risk of dying from a 

dam breach  

(1 in 650,000 people) 

 

(1 in 750,000 people) 

 

(1 in 900,000 people) 

Risk of dying from a 

nuclear accident 
 

 

(1 in 4,000,000 people) 

 

(1 in 7,000,000 people) 

 

 

(1 in 3,000,000 people) 

Increase in your 

household‘s yearly 

electricity bill 

+200 CHF/year +300 CHF/year +0 CHF/year 

+40% risk +20% risk 

Current risk 

Current risk 

-60% risk -30% risk 

New construction Extension No expansion 

FIGURE 3.1: Choice task example

3.4.2 Elicitation of choice certainty, consistency, and monotonic-
ity

Choice certainty was elicited for every choice task. That is, we asked the sur-
vey participants the following question after each choice task: "How certain are

2We assume that, even for the case of a complete phase-out of nuclear power in Switzerland,
French nuclear plants that are located within 40km of the Swiss border would still be a cause of risk.

3Note that the average annual electricity bill per household in Switzerland roughly equals 930
CHF (ca. 930 USD) (Elcom, 2014)
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you about your choice?". The question appeared on the same page as the choice
task. A Likert-type answer scale with the following five options was presented:
not certain at all, not certain, neither certain nor uncertain, certain, very certain.
We used a split-sample approach, so that one sample of respondents was asked
about their choice certainty (sample 1), while the other sample did not receive
this question (sample 2). All other elements of the survey were identical for
the two samples. This allows us to investigate the procedural effect of asking
respondents about their choice certainty. Choice consistency was elicited by re-
peating the first choice task once again later in the choice-task sequence. The
position of the repeated choice task varied between the 5th, 6th, 7th, and 8th (last)
position in the choice-task sequence, and was randomly assigned to each respon-
dent. Finally, we included a test for choice monotonicity by adding a choice task
with a dominated alternative. In this choice task, one of the two hypothetical
alternatives was worse than the other hypothetical alternative with respect to
all attributes. Although this choice task includes a strongly dominated choice
alternative, there is no unique dominant alternative identifiable, since the non-
dominated choice alternative and the status quo alternative do not dominate
each other. This is because in our DCE design the levels of some attributes in
the status quo alternative are better and others are worse than their levels in the
non-dominated choice alternative. The position of the choice task involving a
dominated alternative was fixed at the 4th position in the choice-task sequence
for all respondents.

3.4.3 Sampling procedure and choice experiment design

Three rounds of survey pretests were conducted in order to test the understand-
ability of the survey and of the DCE, as well as to derive prior estimates needed
for generating the final choice design. First, 20 respondents were asked to fill in
a paper-and-pencil version of the survey, followed by a personal interview. Sec-
ond, 220 respondents, who were representative for the German-speaking part
of Switzerland, were recruited to answer a first online-version of the DCE. In
a third pretest, another 350 respondents answered the online survey. The final
survey version was completed in June 2016 with a sample consisting of 502 re-
spondents. The response rate was 16.3%. The samples for pretests and for the
final survey were recruited by Intervista AG, a market research company with a
panel of 50,000 registered individuals throughout Switzerland. The final sample
of 502 respondents consisted of two independent samples comprising 248 and
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254 respondents. The only distinction between them is the presence/absence of
the choice certainty questions. Both samples are representative for the German-
and French-speaking population of Switzerland which accounts for roughly 95%
of the total Swiss population. The representativeness was safeguarded by in-
dependent recruitment which ensured equality of the samples and the general
population with respect to gender, age, education, and the geographical distri-
bution of residence within Switzerland. The independent recruitment of samples
is also expected to minimize the impact of unobserved respondent heterogeneity
(Dekker, Koster, and Brouwer, 2014). Additional important features of the sur-
vey (Menegaki, Olsen, and Tsagarakis, 2016) include the following: Question-
naire invitations were sent by email which contained links that directed respon-
dents to the survey web page. The respondents were allowed to drop the survey
and resume it at a later point. Duplication of answers by the same respondents
was prevented by IP-tracking and by inspection of the sociodemographic infor-
mation and the respondents’ paradata. Paradata collected include the time and
date of initiating and completing the survey, the time used for each survey page,
data on the characteristics of the device and the operating system which were
used to answer the survey, IP-address, and approximate information on the lon-
gitudes and latitudes of the respondents’ location. At the end of the survey, the
respondents were asked a few follow-up questions about the survey itself, which
revealed that it was well understood. Finally, those respondents who completed
the survey received widely redeemable gift vouchers equivalent to 4 CHF.

We generated a D-efficient DCE design in Ngene 1.1.2. Bayesian priors that
are bounded by the results of the second and third pretests, and that follow a
normal distribution were used for the design-generating process. Such a speci-
fication allows for a random instead of a fixed distribution of priors, and hence
takes the approximate character of pretest priors into account. A status quo op-
tion was included in the design generation using an alternative-specific constant
(ASC) for the status quo alternative. Dominant alternatives were excluded in
the design generation procedure, but a choice task which involved a dominated
alternative was added to the choice sequence after the design generation pro-
cess. The final experimental design consisted of two blocks of choice sets, each
of which contained eight choice tasks. The two blocks were randomly assigned
to the survey participants.
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3.5 Results

3.5.1 Descriptive results

Following the criteria of Bateman et al. (2002), we identified 31 protest responses
which were excluded from further analysis. This leaves us with a remaining
sample population of 235 respondents for sample 1 (which includes a question
on choice certainty) and 248 respondents for sample 2 (without a question on
choice certainty). No statistically significant differences between the samples
with respect to any of the variables that were controlled for at the point of re-
cruiting could be found. This holds even after excluding protest respondents
(Table 3.4).

TABLE 3.4: Comparison of samples 1 and 2 with respect to so-
ciodemographic characteristics

Variable Type Description Test Test-
Statistic

p-
value

Income Ordinal 15 income
categories

Mann-Whitney 0.772 0.440

Gender Bivariate 0=Male;
1=Female

Chi-squared 0.376 0.540

Age Continuous Respondents’
age (15-84)

Mann-Whitney 0.069 0.945

Language
spoken

Bivariate 0=German;
1=French

Chi-squared 0.746 0.389

University
degree
(Bachelor’s,
Master’s, PhD)

Bivariate 0=No university
degree;
1=University
degree

Chi-squared 0.106 0.744

Note: ***p<0.01, **p<0.05, *p<0.1.

Figure 3.2 reports the choice-task-specific responses to the question on choice
certainty for sample 1. The distribution of certainty values is left-skewed. On
average, 64.4% of respondents stated that they were certain or very certain about
all choice tasks. The dynamics of stated choice certainty across the choice tasks
is limited: The share of respondents who indicated that they were certain or
very certain about their choice slightly increases after the first choice task, but
decreases again after the fourth task. The share of respondents who stated that
they are either not certain or not certain at all decreases from 19.6% in the first
choice task to 14.9% in the last choice task. Note that the 4th choice task includes
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a dominated alternative. As expected, the share of certain and very certain (not
certain at all and not certain) respondents is highest (lowest) for this task. Sta-
tistical tests confirm that there is limited dynamics across the choice tasks: The
Kruskal-Wallis test statistic for equality of choice certainty across all tasks can-
not be rejected at the 10% significance level. The Mann-Whitney test for pairwise
comparisons of choice certainty between the tasks rejects equality in 79% of all
possible comparisons, and only finds significant differences between the tasks 1
and 4, 1 and 8, 2 and 4, 2 and 8, 4 and 5, and 5 and 8. Finally, the variance of
stated choice certainty is lower within than between respondents, since almost
47% of the respondents indicated the same level of choice certainty across all
choice tasks.
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FIGURE 3.2: Stated choice certainty across choice tasks

The inferred choice consistency according to the corresponding position of
the repeated choice task is illustrated in Figure 3.3. Two insights can be gained:
First, the respondents in sample 2 seem to be more consistent than the respon-
dents in sample 1, pointing to a possible interaction effect between the presence
of a choice certainty question and choice consistency. Second, the choice consis-
tency of respondents who were subjected to the repeated choice task later in the
choice sequence seems to be slightly lower, which is especially true for sample 1.
Nevertheless, none of these effects is statistically significant. The Mann-Whitney
test for the equality in choice consistency between the two samples cannot be
rejected (p-value of 0.14). Within-sample equality between the respondents who
differ with respect to the position of the repeated choice task cannot be rejected
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either, when based on the Kruskal-Wallis test procedure (p-value of 0.67 and 0.98
for, respectively, samples 1 and 2).
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FIGURE 3.3: Choice consistency according to the position of the
repeated choice task

The share of monotonic respondents who did not choose the dominated al-
ternative in the choice task that includes such an alternative are similar between
the samples, with 88.1% and 86.7% of respondents choosing monotonically in, re-
spectively, sample 1 and 2. These values are higher than the shares of consistent
respondents. While choice monotonicity is higher for sample 1, choice consis-
tency is higher for sample 2. The differences in monotonicity and consistency
between samples 1 and 2 are, however, not statistically significant.

3.5.2 Swait-Louviere test results

The Swait-Louviere test procedure as described in Section 3.3, was run to test
the equality of choice behavior between: (i) respondents who were certain and
uncertain about their choices; (ii) consistent and inconsistent respondents; (iii)
samples 1 and 2; and (iv), respondents who were subjected to the repeated choice
task at different positions in the choice-task sequence. The test results are shown
in Tables 5 (i-ii), 6 (iii), and 7 (iv).

Table 3.5 reports the results of the Swait-Louviere tests that compare the
choice models estimated separately for certain and uncertain respondents, as
well as for consistent and inconsistent respondents. The test for equality of
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choice models estimated for monotonic and non-monotonic respondents could
not be performed because the number of respondents categorized as non-monotonic
was too low. Certain respondents were defined as respondents who stated that
they were either certain or very certain about their choices. Survey participants
who stated that they were neither certain nor uncertain (i.e. who selected the
response category "neither certain nor uncertain") are hence classified as uncer-
tain. This definition results in 46% certain and 54% uncertain respondents. The
first step of the Swait-Louviere test procedure convincingly rejects the equality
of certain and uncertain, as well as the equality of consistent and inconsistent re-
spondents (column 5 in Table 3.5). In this case, it is meaningless to proceed with
the second step of testing the equality of scale parameters, which for this reason
is not reported in Table 3.5.

In order to compare choice behavior between samples 1 and 2, Swait-Louviere
tests were applied at the sample level and at the individual choice-task level. In
the latter case, two choice tasks were merged for each test to ensure a sufficient
number of observations for the identification of the models. That is, the choice
tasks 1 and 2, 3 and 4, 5 and 6, and 7 and 8 were merged and, as such, compared
for the two samples. Two main conclusions can be derived from the results pre-
sented in Table 3.6. First, the hypothesis of equality of preference parameters
between the samples 1 and 2 (row 1, column 5), as well as the test for equality
of scale parameters (row 1, column 6), cannot be rejected. In other words, the
choice behavior between the respondents in samples 1 and 2 is not significantly
different. This result implies that asking the respondents about their choice cer-
tainty does not lead to systematic differences in their choices. Second, the test for
equality of the samples with respect to specific (pairs of) choice tasks confirms
this result, since the equality of preference and scale parameters between the
samples cannot be rejected for any task combinations. This means that the pres-
ence of a choice certainty question also has no effect on choices while controlling
for the position of choice tasks within the sequence.

The results of the Swait-Louviere tests on the equality of choice behavior be-
tween samples that differ with respect to the position of the repeated choice task
show that the equality of the preference parameters cannot be rejected for any
of the comparisons (column 5 in Table 3.7). In other words, different positions
of the repeated choice task are not associated with procedural biases. This con-
form to our expectations, since respondents were not informed either about the
presence of a repeated task or about its position. Neither can the majority of the
tests for the equality of the scale parameters reject equality (column 6 in Table
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3.7). Significant differences in scale are found between the samples that received
the repeated task at the 5th and 6th position, and weakly significant differences
between the samples that were shown the repeated task at the 6th and 7th posi-
tion. The results concerning differences in scale parameters suggest that the error
variance of the sample with a repeated choice task at the 5th position is generally
higher than the error variance of samples that were shown the repeated task
at a later position (column 8 in Table 3.7). A possible explanation is that the
5th choice task appears immediately after the task involving a dominated alter-
native, which could have caused increased randomness in the following choice
task.
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TABLE 3.5: Swait-Louviere test results for certain vs. uncertain respondents (sample 1 only) and consistent vs.
inconsistent (sample 1 and 2 merged) respondents

(1) (2) (3) (4) (5) (6) (7) (8)
Respondents’ choice
characteristics

LL 1st

sample
LL 2nd

sample
LL pooled

(µ1 6= µ1)a
LL pooled

(µ1 = µ1)b
1st LR-test:

p-value
(11df)c

2nd LR-test:
p-value

(1df)d

Rel. scale
(µ1/µ2)

Rel.
variance
(σ2

1/σ
2
2)

Certain vs. uncertain -826.174 -557.462 -1407.469 -1408.279 0.00*** n/a n/a n/a
Consistent vs. inconsistent -1594.651 -1115.740 -2767.317 -2795.189 0.00*** n/a n/a n/a
Monotonic vs. non-monotonic not enough respondents to estimate a model based on non-monotonic respondents only
Notes: ***p<0.01, **p<0.05, *p<0.1; LL: Log-likelihood; df: degrees of freedom.

aPooled MXL model allowing the scale parameters to vary between the samples (the scale parameter of the 1st sample is fixed at 1.)
bPooled MXL model constraining the scale parameters to be equal between the samples.
cTest for differences in the preference parameters between the samples.
dTest for differences in the scale parameters between the samples.

TABLE 3.6: Swait-Louviere test results for equality of choice behavior between samples 1 and 2

(1) (2) (3) (4) (5) (6) (7) (8)
Choice samples LL 1st

sample
LL 2nd

sample
LL pooled

(µ1 6= µ1)a
LL pooled

(µ1 = µ1)b
1st LR-test:

p-value
(11df)c

2nd LR-test:
p-value

(1df)d

Rel. scale
(µ1/µ2)

Rel.
variance
(σ2

1/σ
2
2)

All tasks - sample 1 vs. 2 -1408.279 -1380.541 -2794.920 -2795.189 0.349 0.464 0.94 1.13
Tasks 1 & 2 - sample 1 vs. 2 -424.821 -462.513 -893.229 -893.255 0.380 0.819 1.04 0.92
Tasks 3 & 4 - sample 1 vs. 2 -361.595 -382.052 -747.710 -748.311 0.702 0.273 0.76 1.73
Tasks 5 & 6 - sample 1 vs. 2 -427.809 -437.435 -871.809 -871.813 0.285 0.927 1.02 0.96
Tasks 7 & 8 - sample 1 vs. 2 -399.478 -407.668 -811.260 -812.477 0.693 0.119 0.69 2.10
Notes: ***p<0.01, **p<0.05, *p<0.1; LL: Log-likelihood; df: degrees of freedom.



3.5.
R

esults
61

TABLE 3.7: Swait-Louviere test results for equality of choice behavior between samples that differ in the posi-
tion of the repeated choice task (samples 1 and 2 merged)

(1) (2) (3) (4) (5) (6) (7) (8)
Position of
the repeated
choice task

LL 1st

sample
LL 2nd

sample
LL pooled
(µ1 6= µ1)a

LL pooled
(µ1 = µ1)b

1st LR-test:
p-value
(11df)c

2nd LR-test:
p-value
(1df)d

Rel. scale
(µ1/µ2)

Rel. variance
(σ2

1/σ
2
2)

5th vs. 6th -666.055 -828.457 -1495.979 -1495.979 0.992 0.016** 0.74 1.83
5th vs. 7th -666.055 -659.276 -1327.242 -1327.242 0.975 0.292 0.86 1.35
5th vs. 8th -666.055 -629.770 -1300.589 -1300.589 0.573 0.177 0.84 1.42
6th vs. 7th -828.457 -659.276 -1488.794 -1488.794 0.998 0.075* 1.24 0.65
6th vs. 8th -828.457 -629.770 -1462.262 -1462.262 0.707 0.255 1.16 0.74
7th vs. 8th -659.276 -629.770 -1292.725 -1292.725 0.769 0.536 0.92 1.18
Notes: ***p<0.01, **p<0.05, *p<0.1; LL: Log-likelihood; df: degrees of freedom.
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3.5.3 Logit model results

The results of the logit models are shown in Table 3.8. The models on choice
certainty are estimated on sample 1 only, because only the respondents in this
sample received the choice certainty questions. The models on choice consis-
tency and monotonicity are estimated on the pooled sample of respondents. The
effect of the follow-up certainty questions on choice consistency and monotonic-
ity is controlled for by a dummy variable for sample 1. Apart from theoretical
expectations about the determinants of choice certainty, consistency, and mono-
tonicity based on the existing literature, log-likelihood ratio tests were applied
to find the model with the best fit. Two models are presented for each concept in
Table 3.8. The two model specifications differ in the measure of complexity of the
choice task: Entropy serves as an explanatory variable in the first set of models
(Models 1, 3, and 5), and utility difference in the second set of models (Models
2, 4, and 6). The two measures of complexity are included in separate regres-
sions since they are highly correlated (the correlation coefficient across choice
tasks and respondents is equal to -0.62). This procedure allows us to compare
their relative impact on the dependent variables, while avoiding confounding
caused by multicollinearity. The correlations of the remaining variables in each
regression are reasonable, with only a few pairs of variables that have correlation
coefficients which are larger than 0.2. Excluding these variables does not affect
the main conclusions. Note that the ordinal variable for choice certainty was
reduced from five to four levels by merging the "not certain at all" and "not cer-
tain" response categories, because there were only a few observations in the most
uncertain category. No case study-specific attributes are included in the analy-
sis in order to ensure the generalizability of the results. Furthermore, choice
task-specific effects are controlled for by choice-task-related variables, e.g. the
variables which reflect the position of a choice task in the choice sequence and
the complexity measures. McFadden’s (1974) pseudo-R2 values suggest that the
models explain a rather small part of the variation in the data. However, we con-
sider this not to be critical for three reasons: First, many of the pseudo-R2 values
found in the literature, if they are reported at all, are of comparable magnitudes
(e.g. Colombo, Glenk, and Rocamora-Montiel, 2016; Hensher, Rose, and Beck,
2012; Kosenius, 2009; Mørkbak and Olsen, 2015); second, pseudo-R2 values are,
in general, considerably lower than the traditional R2 values obtained in OLS
regressions (McFadden, 1979); and, third, the pseudo-R2 is of minor interest in
the context of this paper, as we are more interested in testing relationships than
in building prediction models.
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TABLE 3.8: Logit regression results

Choice certaintya Choice consistencyb Choice monotonicityb

(1) (2) (3) (4) (5) (6)
Variable Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.

(s.e.) (s.e.) (s.e.) (s.e.) (s.e.) (s.e.)

Choice-task-related variables

Position of choice task
in sequence (1 to 8)

-0.240* -0.225*
(0.131) (0.131)

Position of choice task
in sequence (squared)

0.025* 0.024*
(0.013) (0.013)

Time spent per choice
task (log)

-0.733*** -0.745***
(0.141) (0.141)

Entropy -3.628*** -0.965 -3.766
(0.540) (1.267) (3.349)

Utility difference 0.216*** 0.220* 1.123***
(0.060) (0.119) (0.301)

Question on choice certainty
(1=yes, 0=no)

-0.247 -0.233 -0.314 -0.323
(0.204) (0.204) (0.318) (0.327)

Position of the repeated task
(1=7./8., 0=5./6.)

-0.305 -0.316
(0.204) (0.204)

Individual-specific variables

Income above sample
average (1=yes, 0=no)

0.375 0.370 -0.024 -0.024 0.935** 0.945**
(0.512) (0.506) (0.214) (0.215) (0.369) (0.376)

Female (1=yes, 0=no) -1.936*** -1.924*** 0.380* 0.330 1.011*** 0.944***
(0.501) (0.496) (0.212) (0.214) (0.350) (0.361)

Age -0.002 -0.001 0.010 0.010 -0.032*** -0.033***
(0.014) (0.014) (0.006) (0.006) (0.010) (0.010)

University education
(1=yes, 0=no)

0.530 0.533 0.564** 0.587** 0.028 0.133
(0.532) (0.526) (0.230) (0.230) (0.372) (0.382)

Recreates in/at waters
(1=yes, 0=no)

1.612* 1.609* 0.073 0.056 1.568*** 1.737***
(0.945) (0.934) (0.388) (0.390) (0.475) (0.494)

Member of an env. org.
(1=yes, 0=no)

0.147 0.181 0.700*** 0.752*** 0.783** 0.959***
(0.502) (0.496) (0.215) (0.217) (0.359) (0.365)

Survey
understandabilityc

2.577*** 2.594*** 0.292 0.313 0.425 0.553
(0.596) (0.589) (0.237) (0.238) (0.363) (0.371)

Time spent reading
informational pages

0.092 0.093 0.024 0.027 0.070 0.089*
(0.059) (0.059) (0.025) (0.025) (0.049) (0.051)

Model characteristics

Constant 0.385 -0.928 3.616 -3.039**
(1.377) (0.566) (2.581) (1.260)

µ1d -6.553*** -2.718**
(1.449) (1.345)

µ2d -3.929*** -0.147
(1.440) (1.342)
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Choice certaintya Choice consistencyb Choice monotonicityb

(1) (2) (3) (4) (5) (6)
Variable Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.

(s.e.) (s.e.) (s.e.) (s.e.) (s.e.) (s.e.)

µ3d 2.145 5.826***
(1.435) (1.354)

σ 12.392*** 12.113***
(1.589) (1.552)

# Observations 1,880 1,880 470 470 470 470

# Respondents 235 235 470 470 470 470

Log-likelihood -1402.9 -1419.7 -282.9 -281.4 -137.9 -129.9

McFadden pseudo R2 0.047 0.035 0.055 0.060 0.157 0.205
Notes: ***p<0.01, **p<0.05, *p<0.1.

aRandom-effects ordered logistic regression.
bBinomial logistic regression.
c1=very/rather, 0=partly/rather not/not at all.
dCut-off points of the ordered logistic regression.

The results of the models on stated choice certainty indicate that the posi-
tion of the choice task in the choice sequence has an inverted bell-shaped effect
on choice certainty. This supports the results of San Miguel, Ryan, and Amaya-
Amaya (2005), but, in our case, with respect to choice certainty. Since the choice
certainty analysis embraces all choice tasks faced by each respondent, we in-
clude the time used per choice task as a regressor. This proves to exert a highly
significant and negative effect, meaning that survey participants who used more
time to complete a choice task are more likely to report a low choice certainty for
that task. On the other hand, the time a respondent spent on reading relevant
informational pages of the survey has no statistically significant effect on choice
certainty. However, the coefficients almost reach the 10% significance level with
p-values of 0.12 and 0.11 in the Models 1 and 2, respectively. All these infor-
mational pages (seven in total) appeared before the choice tasks, and conveyed
information on hydropower, nuclear power, their associated risks, the expan-
sion scenarios of hydropower, and the DCE. None of the informational pages
contained survey questions. Comparing the two models for choice certainty that
differ in the measure of choice-task complexity reveals that both measures con-
tribute in explaining stated choice certainty, but the model that includes entropy
has a slightly better model fit. As expected, the coefficient of entropy is negative,
implying that higher entropy, associated with increased choice-task complexity,
results in lower choice certainty. The only sociodemographic variable that turns
out to have a significant effect on choice certainty is gender. As expected, female
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respondents seem to be less certain about their choices than male respondents.
In contrast with the existing literature, we cannot report any effect of income
on choice certainty. Respondents who state the survey to be very or rather un-
derstandable are significantly more likely to have a higher choice certainty. Fi-
nally, the random effects parameter, σ, is significant, meaning that stated choice
certainty is correlated across the choice tasks within the set of an individual’s re-
sponses (Olsen et al., 2011). Log-likelihood ratio tests that compare Models 1 and
2 with ordered logit models without panel specifications show that there exists
sufficient variability between individuals, and hence that a panel specification
performs better than a standard ordered logistic regression4.

Turning next to the models which explain choice consistency, the binary vari-
able indicating university education becomes significant, suggesting that respon-
dents with a university education (Bachelor’s, Master’s or PhD degree) are more
consistent in their choices than those with a lower education level. In contrast
to our expectations based on the results from the existing literature, education is
a unique determinant of choice consistency, and does not drive choice certainty
and monotonicity. This may suggest that choice consistency is, to a higher degree
than choice certainty and monotonicity, influenced by an individual’s cognitive
abilities. Female respondents are more consistent in their choice, although the
variable on gender does not quite reach the 10% significance level in model 4
(p-value of 0.12). Note that we find the opposite effect of gender in the case
of choice certainty, which shows that female respondents are less certain about
their choices. A further factor which increases the likelihood of making consis-
tent choices is membership of an environmental organization, which is likely to
serve as an indicator of environmental attitudes. This confirms the findings in
the literature with respect to choice consistency. Ultimately, only the utility dif-
ference, but not the entropy of the repeated choice task when shown for the first
time, appears to influence choice consistency.

Our results on the determinants of choice monotonicity suggest that female
respondents are not only more likely to choose consistently but are also more
monotonic. Age and income uniquely affect choice monotonicity: Income in-
creases choice monotonicity while younger survey respondents have a higher
chance of choosing monotonically than older respondents. However, the square
root of age has no impact in any of the six models. We hence cannot confirm
the bell-shaped effect of age which is reported in San Miguel, Ryan, and Amaya-
Amaya (2005). As other variables are unaffected by the inclusion of the square

4The results are available from the authors on request.
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root of age, we decided to exclude this variable in the final models. As in the
case of choice consistency, the utility difference of the choice task which involves
a dominated alternative appears significant when included in the regression,
while entropy remains insignificant. A larger utility difference is associated with
a lower choice-task complexity, so, as expected, its impact on choice monotonic-
ity is positive.

3.6 Discussion and conclusions

This study simultaneously investigates choice certainty, choice consistency, and
choice monotonicity in the context of DCEs. Several conclusions can be drawn
from the results of the Swait-Louviere tests. First, choice behavior significantly
differs between certain and uncertain, as well as between consistent and incon-
sistent, respondents. Second, we do not find a procedural effect caused by the
inclusion of a choice certainty question after each choice task on certainty, con-
sistency, or monotonicity. The procedural equivalence with respect to choice cer-
tainty confirms the findings of Brouwer et al. (2010). In addition to Brouwer
et al. (2010), we also investigate whether the same result holds at a choice-task
level, and find that it does. In other words, there exists neither an overall nor a
sequence-dependent procedural effect of asking a question on choice certainty.
Third, as expected, the equality of choice behavior between samples that differ
by the position of the repeated choice task cannot be rejected, which implies that
the position of a repeated choice task in a choice-task sequence does not lead to
any systematic changes in choice behavior.

We identify a number of idiosyncratic determinants for each of the three con-
cepts. However, we only find limited evidence for common drivers of choice
certainty, consistency, and monotonicity, suggesting that these are rather sepa-
rate constructs. The factors that prove to have an effect on all three concepts are
the utility difference of choice tasks and gender, although the evidence for the
impact of gender on choice consistency is rather weak. Female participants are
less certain about their choices, confirming the findings of Brouwer et al. (2010),
Dekker et al. (2016), and Olsen et al. (2011). At the same time, female respon-
dents more often choose monotonically and consistently. Comparing the two
measures of choice-task complexity, we are able to report that both measures are
relevant for choice certainty, whereas only the utility difference is important for
explaining choice consistency and monotonicity. The importance of the utility
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difference for explaining choice certainty and consistency is in line with the liter-
ature. Rigby, Burton, and Pluske (2016) report that choice consistency decreases
with higher complexity of choice tasks as measured by entropy, whereas we find
no such effect. However, the comparability of their finding with our study may
be limited because Rigby, Burton, and Pluske (2016) examine choice consistency
in a test-retest setting, whereas we focus on consistency within a choice-task se-
quence. We are not aware of any previous study that tests for the influence of
entropy or utility difference on choice monotonicity.

The implications of our main findings for the DCE literature are manifold.
Significant differences between the choice behavior of certain and uncertain and
consistent and inconsistent survey participants mean that it is necessary to ac-
count for these factors in choice models. The drivers of choice certainty, consis-
tency, and monotonicity identified in this study could be used as explanatory
variables in choice models in order to achieve this goal and possibly mitigate the
issue of endogeneity. In concrete terms, there is evidence that it is necessary to
ensure the utmost cognitive ease of a survey, as several results show that this
is an important factor in reducing choice uncertainty, inconsistency, and non-
monotonicity. A university education and the understandability of the survey,
both of which are also likely to be associated with the cognitive ease of respond-
ing to the choice tasks, are expected to increase choice consistency. The time
spent on choice tasks has a negative effect on choice certainty, and the time spent
reading information pages positively affects choice monotonicity. This suggests
that a strict division of the survey into an informational part before the actual
choice tasks, and self-explanatory choice tasks which do not necessitate addi-
tional clarification, is required. Procedurally, no reservations against directly
asking survey respondents about their choice certainty can be confirmed. We
find that the utility difference as a measure of task complexity is a superior ex-
planatory factor of choice consistency and monotonicity than entropy. In terms
of choice experiment design, this finding suggests that choice-task complexity
needs to be limited as much as possible. Put differently, it is recommended to
avoid choice tasks that involve alternatives which are expected to result in very
similar utility values. This accords with the advice of Hensher, Rose, and Greene
(2015), who suggest not using too narrow ranges of attribute levels in designing
DCE.

Further research combining the analysis of choice certainty, consistency, and
monotonicity could provide additional evidence on common and idiosyncratic
drivers of these concepts. Although the results in Table 3.8 provide insights into
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the common and idiosyncratic drivers of choice certainty, consistency, and mono-
tonicity, they do not answer the question of whether they also influence each
other. In order to explore this issue, we estimated separate models on the three
concepts that include each other as regressors, while acknowledging that these
models are likely to suffer from endogeneity (the models are not presented here,
but are available from the authors on request). Including choice certainty, con-
sistency, or monotonicity as regressors did, apart from introducing collinearity,
usually not turn out to have a significant impact in the models. This provides
some evidence that there is limited interlinkage between these concepts. An
instrumental variable (IV) approach would, however, allow this question to be
answered more reliably. Since we did not find instruments that exclusively de-
scribe any of the three concepts with sufficient predictive power, and, at the same
time, are not expected to be correlated with the other concepts, we were not able
to conduct such an analysis. If other unique determinants were found, or those
identified in this study were confirmed by other studies that analyze all three
concepts simultaneously, it may be justified to estimate instrumental variable
models which can provide further evidence for (the lack of) possible interrela-
tions between the three concepts.

Finally, the results of this study suggest strong effects of gender on choice
certainty, consistency, and monotonicity. Although a rather extensive literature
on gender differences exists in other areas of economics, such as behavioral ex-
periments (e.g. Charness and Gneezy, 2012) or marketing (e.g. Meyers-Levy and
Loken, 2015), there are only a few valuation studies in environmental economics
which explicitly focus on gender effects. An example is Ladenburg and Olsen
(2008), who report a starting-point bias induced by an instructional choice set
for female but not for male respondents. The authors explain their findings by
the "selective hypothesis" of Meyers-Levy (Meyers-Levy, 1989; Meyers-Levy and
Loken, 2015), which states that females have a tendency to process information
more comprehensively than males, who are more selective information proces-
sors and more often rely on heuristics. Testing the selective hypothesis and, more
generally, an in-depth examination of the gender effects in the realm of DCE con-
stitutes another area for further research.
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