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Chapter 4

A Comparison of Attribute
non-Attendance in Discrete
Choice Experiments based on
Stated, Inferred, and
Mouse-Tracking Data1

4.1 Introduction

Attribute non-attendance (ANA) describes a behavioral phenomenon in discrete
choice experiments. It refers to the situation where choice experiment partic-
ipants ignore one or several attributes in their decision process. ANA can be
explained from an economic, experimental design, or psychological perspective.
From an economic point of view, the key assumption underlying choice exper-
iments is that people make trade-offs between all the good characteristics pre-
sented to them in the form of choice attributes (Colombo, Christie, and Hanley,
2013; Scarpa et al., 2009). In other words, indifference curves are assumed to
be continuous, which follows from the axiom of continuous preference relations
(Arrow and Debreu, 1954; Debreu, 1959). Individuals who ignore one or more

1This chapter has been submitted to a journal for review. It was first presented at the 23rd Annual
Conference of the European Association of Environmental and Resource Economists in Athens in
June 2017.
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choice attributes in their choice process have, for example, lexicographic pref-
erences which cannot be represented by a continuous utility function (e.g. Jehle
and Reny, 2001). From an economic perspective, ANA thus represents incom-
plete preference structures.

An alternative explanation is related to the design of stated choice experi-
ments, specifically the range of choice attribute levels that is presented to respon-
dents (Hensher, Rose, and Greene, 2012). According to this reasoning, ANA does
not necessarily mean that a respondent is unwilling to trade off the non-attended
attribute in a real choice setting, but only over the attribute level range that is
presented in a choice experiment. If this is the case, ANA observed in an exper-
iment is not actual ANA, but rather an artifact resulting from a misspecification
of attribute level ranges in the discrete choice experiment.

Finally, there exists a psychological foundation to ANA that goes beyond the
explanations found in economic theory or experimental design. The psycholog-
ical perspective has its roots in Kahneman and Tversky’s dual-phase model of
decision-making (Kahneman and Tversky, 1979). This model assumes that the
decision process consists of two stages. In the first stage, the decision problem
is edited, whereas in the second stage the edited problem is evaluated, and a
decision is made. The editing stage serves to rearrange the decision concerned
such that the subsequent decision-making is simplified. In the context of dis-
crete choice experiments, the editing stage may consist of a number of strategies
that facilitate the choice of an alternative. Such decision strategies, or heuristics,
include, for example, aggregation of similar attributes, cancellation of, or non-
attendance to, an attribute, and the referencing of an attribute around one’s own
experience (Hess and Hensher, 2010; Hess, Rose, and Hensher, 2008). From this
point of view, ANA is a component of the editing stage of the decision process
that helps to simplify the subsequent choice.

Independently of the perspective taken to explain ANA, its existence under-
mines the fundamental idea that discrete choice experiments are rooted in the
ability and willingness of respondents to make trade-offs between different at-
tributes. Failing to consider ANA in a choice analysis leads to biased param-
eter estimates which, in turn, result in biased welfare estimates (e.g. Carlsson,
Kataria, and Lampi, 2010). Pooling observations based on participants consid-
ering all choice attributes, with observations based on respondents who show
non-compensatory behavior in trade-offs, leads to biased and erroneous statis-
tical estimation (Scarpa et al., 2009). It is, therefore, crucial to take ANA into
account when estimating choice models from choice experiment data.
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In this paper, we compare a novel visual ANA approach based on mouse-
tracking data with the two most common approaches for addressing ANA, i.e.
stated and inferred ANA. Visual ANA refers to collecting information on ANA
by tracking the visual information acquisition behavior of respondents in a dis-
crete choice experiment. The scarce literature on visual ANA uses eye-tracking
in a laboratory setting. In contrast, this is the first study that investigates ANA
in discrete choice experiments using mouse-tracking. Contrary to eye-tracking,
mouse-tracking makes it possible to track visual behavior online, and therefore
takes advantage of important web-based survey features such as reduced logisti-
cal survey costs and access to a larger number of respondents. The main objective
of this study is to examine how these alternative approaches for measuring ANA
compare with each other in terms of model performance, and whether the visual
information obtained by mouse-tracking is better suited to explain ANA behav-
ior than the standard approaches based on stated or inferred ANA information.
Since stated ANA is a subjective measure of ANA and inferred ANA an indirect
choice data driven measure of ANA, we hypothesize that the direct visual infor-
mation obtained through mouse-tracking provides a more reliable measure of
ANA behavior, and thus results in a superior model fit. Finally, this study com-
pares the performance of models that use mouse-tracking information on ANA
with those reported in the few studies that use eye-tracking to investigate visual
ANA.

The remainder of this paper is structured as follows. Section 4.2 summarizes
the existing literature on ANA. Section 4.3 describes the case study and choice
experiment design and Section 4.4 the elicitation of stated and visual ANA. Sec-
tion 4.5 explains the choice modeling approach. The results are presented in
Section 4.6. Finally, in Section 4.7, the results are discussed and conclusions are
drawn.

4.2 Attribute non-attendance

In the discrete choice experiment literature, ANA has been most widely researched
in transport economics and, slightly less extensively, in environmental and health
economics. The most common approaches for investigating ANA in the exist-
ing literature include stated and inferred ANA. The former approach collects in-
formation about ANA from survey participants, while the latter approach cap-
tures ANA with econometric modeling techniques. A third approach is visual
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ANA, which is still infrequently used and so far includes only studies using eye-
tracking.

Studies on stated ANA usually directly ask respondents in a survey whether
they have considered all attributes in their choices and, if not, which ones they
have ignored. This can be asked either as a binary question (whether an attribute
has been attended to or not) or in terms of the strength of (non)-attendance to an
attribute. Stated ANA, if asked after the choice task sequence, measures serial
ANA, i.e. ANA over an entire sequence of choice tasks. Most of the literature on
stated ANA focuses on serial stated ANA, because there is no convincing theo-
retical reason for ANA to be choice-task specific (Balcombe, Fraser, and McSor-
ley, 2015). Moreover, asking for ANA after each choice task poses an additional
cognitive challenge to survey participants, and may lead to fatigue. There are
only a few studies focusing on choice-task specific ANA (e.g. Scarpa, Thiene,
and Hensher, 2010). Within the choice experiment literature using stated ANA,
there are further differences with respect to how the information on stated ANA
is incorporated into econometric models. The most common approach is to re-
strict the coefficients of choice attributes to zero for respondents stating non-
attendance to these attributes (e.g. Alemu et al., 2013; Carlsson, Kataria, and
Lampi, 2010; Hensher, Rose, and Bertoia, 2007; Hensher, Rose, and Greene, 2005;
Kehlbacher, Balcombe, and Bennett, 2013; Kragt, 2013; Puckett and Hensher,
2008, 2009). Alternatively, two separate coefficients for each choice attribute can
be estimated for respondents attending or not attending to an attribute. This
approach has been applied in Colombo, Christie, and Hanley (2013), Hess and
Hensher (2010) and Scarpa et al. (2013). Finally, Balcombe, Burton, and Rigby
(2011), Campbell, Hutchinson, and Scarpa (2008), Carlsson, Kataria, and Lampi
(2010), and Nguyen et al. (2015) include the information on stated ANA in choice
models in the form of interaction terms between each choice attribute and a bi-
nary variable that equals one if a respondent stated non-attendance to an at-
tribute and zero otherwise. The estimated main effect in this case represents
the marginal value of an attribute for respondents who attend to the attribute,
whereas the sum of main and interaction effects, which is expected to be close
to zero, represents the marginal value for respondents who do not attend to the
attribute.

Although the elicitation of stated ANA information and its use in choice mod-
els is common in the literature, there is a lack of trust in the validity and reliabil-
ity of stated ANA responses for a number of reasons (e.g. Balcombe, Burton, and
Rigby, 2011; Hensher and Greene, 2010; Hensher and Rose, 2009; Weller et al.,
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2014). One of them is the belief that, instead of ignoring an attribute, respon-
dents actually only assign a low importance to it. There might be cases where
respondents state non-attendance to an attribute, but in fact still have a positive,
albeit small, marginal utility for this attribute (Hess and Hensher, 2010). Fur-
thermore, conditioning the econometric analysis of choice experiment data on
stated ANA information obtained after the choice experiment could result in en-
dogeneity (e.g. Hess and Hensher, 2013). Stated ANA responses may correlate
with unobserved variables, which also influence the stated choices, implying
that they are not independent from the error component of the choice model
(Collins, Rose, and Hensher, 2013). A final reservation about using stated ANA
information in estimating choice models is that one reason for the analysis of
ANA is a kind of mistrust in the respondents’ choice processing capabilities. If
there is doubt about the mental capabilities of choice experiment participants to
trade-off all the attributes presented in a choice situation and hence ANA is ex-
pected, it is not entirely clear why researchers should trust the stated information
about non-attendance by the same participants.

For this reason, part of the literature has explored other ways of analyzing
ANA, most prominently by inferring information on ANA from the choice ex-
periment data. In this context, latent class (LC) models are the most widely used
choice models. In contrast to the standard applications of LC models in discrete
choice analysis, the different latent classes are defined beforehand, and have a
behavioral meaning that represents specific non-attendance patterns (Hensher,
Rose, and Greene, 2015). More specifically, the classes in LC models used for
analyzing ANA reflect which attributes (and combinations thereof) are not at-
tended to. The parameters for these attributes are restricted to zero. The esti-
mated class membership probabilities represent the share of respondents who
behave according to a specific non-attendance strategy. Most frequently, the
equality-constrained LC model (ECLC) is applied. In this model the parameters
associated with the attended attributes are restricted to be the same across the
different classes. This approach ensures that the different classes only differ in
terms of their behavioral meaning representing (non)-attendance to different at-
tributes. Studies that use this approach include Hensher and Greene (2010), Hole
(2011), Kragt (2013), Lagarde (2010), and Scarpa et al. (2009). Campbell, Hensher,
and Scarpa (2011) and Hensher and Greene (2010) present models which allow
parameters for attended attributes to vary across classes.

Independently of whether parameters are restricted to be equal across the
classes or not, these models do not allow parameters to vary across respondents
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within a class. Hess et al. (2013) argue that this might lead to a possible con-
founding between ANA and taste heterogeneity. Assuming that all respondents
within a certain class, which describes an ANA behavioral rule, do not attend
to an attribute ignores the fact that some respondents within the class may ac-
tually attend to the attribute, but they attach only a small marginal value to it.
For these respondents, a low sensitivity to an attribute is mistakenly identified as
non-attendance to this attribute. To remedy this issue, Hess et al. (2013) suggest a
framework that combines an LC model with a continuous mixed logit model. In
this combined model, the parameter for the ANA class is still restricted to zero,
but the parameters within the ANA classes are specified as random terms and are
hence allowed to vary across respondents. Similar models are used by Collins,
Rose, and Hensher (2013), Hole, Kolstad, and Gyrd-Hansen (2013), Hensher,
Collins, and Greene (2013), and Hess et al. (2013). Whereas Collins, Rose, and
Hensher (2013), Hess et al. (2013), and Hole, Kolstad, and Gyrd-Hansen (2013)
find an improvement in LC models when random parameters are introduced,
the improvement is minor in the case of Hensher, Collins, and Greene (2013).
These studies are, however, not directly comparable, since Hensher, Collins, and
Greene (2013) account for attribute processing rules other than ANA within the
same model, and they do not restrict the fixed and random parameters to be
equal across the classes unlike the three other studies. Nevertheless, a common
finding in the literature is that the share of respondents displaying ANA be-
havior tends to reduce after the introduction of random parameters (Hensher,
Collins, and Greene, 2013; Hess et al., 2013; Hole, Kolstad, and Gyrd-Hansen,
2013). This suggests that ANA and taste heterogeneity may be confounded, and
that LC models with fixed parameters may assign some degree of taste hetero-
geneity to ANA, leading to the overestimation of ANA behavior. Hensher, Rose,
and Greene (2015) conduct an extensive study which estimates four models with
different latent classes (including different numbers of ANA and full attribute
attendance (FAA) classes), as well as fixed and random parameters within the
classes. The results of this study are unable to confirm the superiority of models
allowing for random effects in a LC framework. They show only a very small
improvement in model performance compared with models which have fixed
parameters. While there is no agreement in the literature on which choice model
specification performs best for the analysis of inferred ANA, there seems to be
more consensus with respect to the better model fit of inferred over stated ANA
models (Campbell, Hensher, and Scarpa, 2011; Kragt, 2013; Scarpa et al., 2013;
Weller et al., 2014).
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Scarpa et al. (2013) suggest using more sophisticated methods based on track-
ing respondents’ attribute information processing, in order to collect more valid
information about ANA. The most obvious technology for tracking informa-
tion processing is eye-tracking. Eye-tracking has been used widely in market-
ing and psychology (Balcombe, Fraser, and McSorley, 2015), but is rather new
in economics, where it has found some applications in behavioral and neuro-
economics (see Lahey and Oxley (2016) for an overview). In the context of dis-
crete choice experiments there has been a number of eye-tracking studies (see
Orquin and Mueller Loose (2013) for an overview of the use of eye-tracking in
decision-making studies). So far, Balcombe, Fraser, and McSorley (2015), Spinks
and Mortimer (2016), and Van Loo et al. (2014) are the only studies that use eye-
tracking technology to investigate ANA. If eye-tracking is used in the context
of ANA, attribute attendance needs to be clearly defined as several measures are
possible. Eye movements consist of fixations and saccades. Fixations are still mo-
ments of focus that last for about 200 to 500 milliseconds (ms). Saccades describe
quick movements of 20 to 40ms where the gaze shifts from one area to another
area of interest (Balcombe, Fraser, and McSorley, 2015). Contrary to stated and
inferred ANA, Balcombe, Fraser, and McSorley (2015) label ANA information
obtained from eye-tracking as visual ANA. According to their definition, visual
ANA occurs if an individual has less than two eye fixations on an attribute in
the majority of the choice tasks. The results of their study show that stated and
visual ANA, the two approaches they compare, are only weakly correlated given
that respondents state that they are attending to specific attributes, but appear to
pay very limited visual attention to them. They find that both stated and visual
ANA improve model performance compared with the choice models that do not
account for ANA, and that the model based on stated ANA performs better than
the model which uses visual ANA information.

Although eye-tracking provides data that are conceptually linked closely to
perceptual representation (Orquin and Mueller Loose, 2013), there are some ob-
stacles for its use in choice experiments. First, eye-tracking studies have to be
conducted in a laboratory setting. Secondly, the need to closely monitor respon-
dents and frequently recalibrate the eye-tracking device precludes tracking sev-
eral respondents simultaneously (Schulte-Mecklenbeck, Murphy, and Hutzler,
2011). Due to the complexity and time requirements, eye-tracking studies tend
to result in high unit costs per participant. More often than not these high study
costs are compensated by reducing the number of study participants. Balcombe,
Fraser, and McSorley (2015), for example, conducted their choice experiment
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with only 40 respondents. This issue can be further aggravated by the loss of
sample representativeness because of the need to exclude some groups of the
general population in eye-tracking studies. For example, participants can typi-
cally not be much older than 65 since drooping eyelids may be an issue, and it
is difficult to track respondents wearing glasses or suffering from eye diseases
such as cataracts (Waechter, Sütterlin, and Siegrist, 2015). Finally, respondents
are inevitably aware that their eye movements are being tracked which could
bias the results.

An alternative visual technique to eye-tracking is mouse-tracking. Mouse-
tracking avoids most of the issues mentioned above. In particular, it can be eas-
ily used in online surveys thereby facilitating comparisons with large parts of
the standard choice experiment literature. Mouse-tracking is a method that uses
software to monitor information acquisition processes on websites. A number
of applications are available, but most of them function by covering (part of) the
information provided to respondents. This information is only uncovered once
the mouse cursor hovers over the area where the information is hidden, and only
while the mouse cursor hovers over it. The tool usually records frequency and
duration of uncovering a specific area with information hidden behind it. The
simpler setup of mouse-tracking compared with eye-tracking has many advan-
tages, but also some disadvantages. A main issue is that the recorded mouse
movements only serve as a proxy for eye movements. There might be situa-
tions where respondents look away while uncovering a specific piece of informa-
tion with their mouse thereby wrongly suggesting attribute attendance. Mouse
behavior is, moreover, entirely under a participant’s cognitive control, whereas
unconscious movements can only be recorded using eye-tracking (Reisen, Hof-
frage, and Mast, 2008). However, a number of studies show that mouse-tracking
provides similar results to eye-tracking, and that the differences between the
methods are not substantial for various applications (Lohse and Johnson, 1996;
Reisen, Hoffrage, and Mast, 2008; Schulte-Mecklenbeck, Murphy, and Hutzler,
2011). For example, Schulte-Mecklenbeck, Murphy, and Hutzler (2011) compare
the mouse-tracking software Flashlight with eye-tracking. The results show a
similar outcome irrespective of the tracking method used. However, informa-
tion acquisition takes longer in the mouse-tracking treatment. A reason for this
may be that the eye-tracking study was conducted in a laboratory setting involv-
ing students, while the mouse-tracking was conducted online with a more rep-
resentative sample of the population (Schulte-Mecklenbeck, Murphy, and Hut-
zler, 2011). Nevertheless, although mouse-tracking does not measure exactly the
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same thing as eye-tracking, the data obtained by mouse-tracking seem to pro-
duce results that suffice for answering many economic research questions.

4.3 Case-study description and experimental design

The conducted choice experiment elicited public preferences for a hypothetical
expansion of hydropower production in Switzerland. The choice experiment de-
sign included four attributes describing two hypothetical expansion alternatives
and a status quo alternative. The first attribute defines the type of expansion, i.e.
the construction of new hydropower plants or the extension of existing facilities.
The next two are risk attributes. One of them describes an increase in the risk of
a dam breach. The other risk attribute is framed as a decrease in the risk of a nu-
clear accident as a result of expanding hydropower and consequently shutting
down nuclear power production. Both risk attributes are defined in terms of the
risk of death in an average lifetime. Risk levels are carefully communicated to
respondents by means of risk ladders. The baseline risks (risks associated with
the status quo alternative) for both events are calculated based on existing stud-
ies (Burgherr and Hirschberg, 2008, 2014; Hirschberg et al., 2016). These studies
estimate fatalities per Gigawatt-electric-year(GWeyr) of different electricity pro-
duction technologies for different regions. Using estimates for hydropower and
nuclear power capacities in Switzerland in terms of GWeyr, and normalizing for
population size and life expectancy, we transformed the estimates from this liter-
ature to the average lifetime risks of death. Finally, a price attribute is defined in
terms of an increase in a household’s annual electricity bill. A list of the attributes
and their corresponding levels is shown in Table 4.1.

Public understanding of the survey and, specifically, the relevance of the
choice attributes and their levels, were tested and modified based on 20 in-depth
face-to-face interviews and two online pretest rounds. These online pretests were
carried out among representative samples for the German- speaking Swiss pop-
ulation consisting of 220 and 350 participants in the first and second round, re-
spectively. The respondents were recruited by Intervista AG, a market research
company with a panel of 50,000 registered individuals throughout Switzerland.
The pretests also served to test the efficiency of the choice experiment design and
to derive prior estimates for the attribute coefficients. A D-efficient experimental
design was generated in Ngene 1.1.2. Since the priors obtained in the pretests are
not precise due to modifications made in the design of the main survey after the
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TABLE 4.1: Attributes and attribute levels in the choice experi-
ment

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

pretests, we used Bayesian priors for generating the main survey design (Choice-
Metrics, 2012). The Bayesian priors are specified to follow a normal distribution
within the limits provided by the priors obtained from the two pretests. In total,
two blocks consisting of seven choice tasks each were generated and randomly
assigned among respondents. Dominant alternatives were excluded in the de-
sign generation procedure. Each choice task included two hypothetical policy
alternatives and a status quo alternative.

The main survey was conducted in June 2016 among a representative sample
of the German- and French-speaking Swiss population, covering roughly 95%
of the country’s population. A total of 247 respondents completed the survey,
giving a response rate of 16.3%. The average response time for the entire survey
was 24 minutes. Five of the 247 respondents were identified as fast-clickers and
excluded from the analysis. These respondents took less than 10 seconds to an-
swer every choice task page. Excluding respondents from the analysis based on
the duration of answering choice questions is disputed in the literature, since it
is not trivial to define what a "fast" answer is (Campbell, Mørkbak, and Olsen,
2017). In our choice experiment, where the mouse-tracking setup requires some
effort to acquire the relevant information needed to take a decision, we consider
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10 seconds a reasonable threshold. Ten protest responses were furthermore iden-
tified and excluded from the analysis following the recommendation in Johnston
et al. (2017), yielding a sample of 232 respondents for further analysis.

4.4 Elicitation of stated and visual ANA

The main goal of this study is to compare the model performance of models that
take visual, stated and inferred ANA into account. All models are based on the
same sample of respondents and the same experimental design. Inferred ANA
is based on the choice experiment data and derived using econometric modeling
approaches (see Section 4.5), whereas stated and visual ANA are elicited in the
survey.

Stated ANA is elicited by asking the survey respondents the following ques-
tion after the whole choice experiment: "If you think back about your choices, to
what extent did you pay attention to the following characteristics?" The question
was followed by a slider scale for each attribute, ranging from 0 (never consid-
ered the attribute) to 10 (always considered the attribute). This resulted in an
ordinal measure of attendance which was subsequently transformed to a binary
variable of stated ANA (see Section 4.6.2).

Visual attendance was obtained through mouse-tracking. To track mouse
movements we used the software MouselabWEB (Willemsen and Johnson, 2010).
Except the attribute description, each row displaying the attribute levels across
the three alternatives was thereby covered by grey boxes and only uncovered
once the mouse hovered over it (see Figure 4.1 for an example of a choice task
with the price attribute uncovered2). The whole attribute row was uncovered if
the mouse hovered on any box in a row since we were more interested in the
visual information acquisition process related to the attributes than the alterna-
tives. The information on the attribute levels was covered again once the mouse
cursor left the grey box covering the row. It was not required to click the mouse
for uncovering boxes. For each uncovering event, the software records the exact
time of opening a row, the duration of uncovering it (in milliseconds), and the
time of closing. For our analysis we use the information about the total number
of times a row was uncovered (the frequency of uncovering), as well as the total
duration of uncovering an attribute row per choice task. Since there is a strong
tendency for respondents to start uncovering boxes in the top-left corner, it is

2Appendix 4.A shows an example of a choice task with all attributes uncovered. Note that the
survey respondents could only uncover one attribute row at the time.
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common practice to counterbalance this effect by randomizing the presentation
of the attributes and alternatives (Willemsen and Johnson, 2008). In this study
we focused on the information acquisition process concerning attributes, and
therefore only the order in which attributes were shown to respondents across
choice tasks was randomized.

A) Expansion B) Expansion C) No expansion

Type of hydropower 

expansion 

Risk of death from a 

dam breach  

(1 in 650’000 people) 

 

(1 in 750’000 people) 

 

(1 in 900’000 people) 

Risk of death from a 

nuclear accident  

(1 in 4M people) 

 

(1 in 7M people) 

 

(1 in 3M 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 4.1: Example choice task as shown to respondents in
the mouse-tracking setup with the price attribute uncovered

Eye-tracking studies need to define a cut-off level in order to distinguish fix-
ations from saccades, i.e. still eye movements that allow information acquisi-
tion from quick movements of gaze shifting where no information lookup takes
place (Meissner, Scholz, and Decker, 2010). Movements of the eyes do not per-
fectly correlate with movements of the mouse as the eye is expected to move
more. Mouse movements that do not serve the acquisition of information, but
happen because respondents move the mouse to an area with information con-
tent of interest and cross and uncover several boxes on the way for a very short
time, represent spurious information acquisitions since no actual content is ac-
quired. These movements should be excluded from the analysis. Although there
exists no consensus on the cut-off point that can be applied to these situations,
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acquisitions of less than 200ms can hardly be read by participants (Willemsen
and Johnson, 2008). We hence exclude all uncovering events shorter than 200ms
from the analysis presented here, which leaves us with roughly 25% of the initial
number of events. As in the case of stated ANA, we transform the information
on the frequency and the duration of uncovering attributes to a binary definition
of visual ANA (see Section 4.6.3).

4.5 Econometric models

This section describes the econometric models used in the analysis. In general,
the choice models that use information on ANA are the same, irrespective of
whether the ANA data originate from stated responses or visual observations.
The section first explains the models used for the analysis of stated and visual
ANA information, followed by a description of models estimated for the analysis
of inferred ANA information.

We incorporate stated and visual ANA information into choice models by re-
stricting attribute parameter estimates for respondents who do not attend to an
attribute to zero for the following reasons . First, it is the most common model
specification found in the stated ANA literature, and therefore provides the most
straightforward comparison with this strand of research. Secondly, this choice
model is also applied in the sparse literature which investigates visual ANA by
eye-tracking, allowing again for a direct comparison. Finally, this economet-
ric approach resulted in the best model fit. Alternative ANA models described
in Section 4.2, such as estimating separate coefficients for attenders and non-
attenders (e.g. Alemu et al., 2013; Carlsson, Kataria, and Lampi, 2010), were also
estimated, but performed worse in terms of goodness of fit, possibly due to the
higher number of regressors required while using the same number of observa-
tions.

The standard specifications of multinomial logit (MNL) and mixed logit (MXL)
models are used, imposing the parameter restrictions for respondents who do
not attend to an attribute. These choice models can be derived from McFad-
den’s random utility framework (McFadden, 1974), which assumes an informa-
tional asymmetry between utility-maximizing individuals and observing ana-
lysts. That is, each individual is aware of all her utility parameters, but only
part of these are observable by the analyst. The standard MNL model assumes
that the unobserved factors are uncorrelated across alternatives as well as choice
tasks in a choice experiment. This assumption could potentially be erroneous, as
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it is possible that unobservable factors related to one alternative might also in-
fluence other alternatives (Train, 2009). The same may hold for the unobserved
factors over a sequence of choice tasks. In addition, although the MNL model
can capture taste heterogeneity between respondents across observable charac-
teristics through the specification of explanatory variables, it does not allow for
random taste variation.

For these reasons, we also estimate MXL models for the analysis of stated
and visual ANA. In contrast to the MNL model, the MXL model allows for ran-
dom taste heterogeneity across individuals, as well as correlation between un-
observed factors over alternatives and choice tasks. Formally, it is a weighted
average of the standard MNL probability representation P that an individual n
chooses alternative i over alternative j in choice situation t, with weights given
by the density function f(β) (Train, 2009):

Pnit(β) =

∫ ( eβ′nxnit∑
j e
β′nxnjt

)
f(β)dβ, (4.1)

where β denotes a vector of parameters and x a set of observed variables. The
density f(β) can follow any distribution specified by the analyst. Some authors
suggest using the uniform distribution for binary attributes (e.g. Hensher and
Greene, 2002), while other studies use distributions that restrict the sign of the
coefficients for the price variable, e.g. by assuming a log-normal or triangular
distribution. We specify the distribution of all parameters in this study as nor-
mal. Normal distribution of parameters not only ensures the best model fit, but
it is also a "natural" choice as it can be motivated by the central limit theorem
(Greene, 2012). Normally distributed attribute parameters are not constrained to
positive or negative values and, hence, may give theoretically unexpected signs.
Here we allow the distribution of the parameters to be driven by the data, given
that we are specifically interested in how individual respondents attend to and
weigh the individual choice attributes and not the estimation of theoretically cor-
rect welfare measures.

The actual elements of β in equation 4.1 that are part of the log-likelihood
function are restricted to zero for attributes which are ignored by a specific re-
spondent based on either stated or visual data. Therefore, for each individual n
and attribute k, the corresponding element can be described as:

βnk =

{
βnk, if attribute k is attended to by individual n;
0, if attribute k is ignored by individual n.

(4.2)
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On the basis of equations 4.1 and 4.2, the MXL model is estimated using maxi-
mum likelihood estimation on the appropriate log-likelihood function.

Inferred ANA is analyzed using ECLC models in which latent classes corre-
spond to specific ANA behavior. Although some authors advocate not restrict-
ing coefficients across classes to equality (e.g. Hensher, Rose, and Greene, 2015),
the advantage of constraining the parameters to be equal across classes is that
other sources of heterogeneity between the classes other than ANA are excluded.

In its essence, ECLC and the more general LC models are MXL models with
a discrete instead of a continuous weighting function f(β). Following (Train,
2009), we can assume, for example, that β takes F possible values (β1,. . .,βF ). In
the general case, there are therefore F classes in the population. The probabil-
ity of an individual belonging to class f can be defined as qf , resulting in the
following model specification:

Pnit =

F∑
f=1

qf

( eβ′fxnit∑
j e
β′fxnjt

)
. (4.3)

The LC models infer class membership probabilities from the observed choices
made by respondents. Since the classes are defined in terms of different ANA be-
havior patterns, the inferred class membership probabilities represent the prob-
ability of non-attendance to different (combinations of) attributes. Total ANA to
an attribute is then obtained by summing the membership probabilities across
all classes in which this attribute is assumed to be not attended to. A key issue
in estimating LC models is finding the appropriate number of classes. In this
study we followed the "test down" procedure, as suggested by Hensher, Rose,
and Greene (2015). We start with the "2k" model developed by (Hole, 2011),
where 2k indicates the maximum number of combinations of ANA behavior,
and k is the number of attributes. This model is estimated based on the maxi-
mum possible number of classes defined by all possible combinations of ANA
patterns while at the same time ensuring model convergence. Subsequently, we
gradually eliminate classes with low membership probabilities, and search for
the best model based on the Bayesian and Akaike Information Criteria (BIC and
AIC, respectively). All models are estimated in NLOGIT 5.
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4.6 Results

4.6.1 Descriptive statistics

The sociodemographic characteristics of the sample and of the target population
are described in Table 4.2. The comparison of the sample characteristics with the
German- and French-speaking Swiss population shows that the two are congru-
ent, albeit there are some differences. In particular household income is slightly
lower in our sample than the population average.

TABLE 4.2: Sociodemographic characteristics of the study sam-
ple and target population

Sample statistics Population statisticsa

Share female (%) 49.4 50.5
Average age (years) 47.3 41.5
Share French-speaking origin (%) 24.7 23.0
Average household size 2.4 2.3
Share univ. degree (Bachelor’s, Master’s, PhD) (%) 28.3 27.1b

Average annual gross household income (CHF) 97,442c 120,624
Share unemployed (%) 2.4 4.3
Share retired (%) 20.1 17.9d

Share student (%) 9.3 5.7b

N 247 7,887,303
Notes: aSFSO (Swiss Federal Statistical Office) (2016).

bOf population aged 25 to 64.
cThis is an approximate estimation as we only asked the respondents to indicate

in which income group their household falls. Furthermore, 6.5% of the
respondents did not answer this question.

dPeople aged 65 or older.

Figure 4.2 shows the summary statistics on stated ANA for the four choice
attributes. As we asked respondents to state ANA after completion of all the
choice tasks, it presents the average self-reported ANA over all choice tasks and
respondents. Figure 4.2 shows that attendance to the choice attribute describing
the type of hydropower expansion is highest, followed by attendance to the price
attribute and the risk of a nuclear accident. The risk of a dam breach is the least-
attended attribute.

Table 4.3 summarizes the data on the two key indicators for visual ANA ob-
tained from mouse-tracking across the choice task sequence: the frequency and

3Error bars reflect one standard deviation.
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FIGURE 4.2: Descriptive statistics for mean stated ANA, from
0 (never considered the attribute) to 10 (always considered the

attribute)3

the duration of uncovering a choice attribute. It reports the frequency and du-
ration that an attribute is uncovered on average across choice tasks and respon-
dents. The mean values for frequency and duration show the highest attendance
to the type of hydropower expansion, which is in line with the stated ANA re-
sults. The shortest time is dedicated to the price attribute, and the lowest fre-
quency of uncovering the attribute is assigned to the lifetime risk of death from
a nuclear accident. However, the differences in frequencies and durations be-
tween the price and the nuclear risk attributes are negligible. Note that ordering
effects cannot be driving the results, as attributes were shown in a randomized
order across respondents and choice tasks.

The average frequency and duration of attribute uncovering for each choice
task are shown in Appendix 4.B. They reveal that both indicators of visual at-
tribute attendance decrease over the choice task sequence for all attributes: the
average frequency of uncovering an attribute in the first choice task is roughly
4.35 with an average lookup duration of 11,300ms. These values are, respectively,
79% and 58% lower in the last choice task. Interestingly, the frequencies and du-
rations of attribute-uncovering decrease most strongly for all attributes during
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the first two choice tasks, and stabilize after the third choice task. The Kruskal-
Wallis test procedure was applied to test the equality of attribute-specific fre-
quencies and durations of attribute-uncovering across choice tasks. The test re-
jects the hypothesis of equality of frequencies and durations of attribute-uncover-
ing across all choice tasks.

TABLE 4.3: Visual ANA statistics

Avg. lookup frequency Avg. lookup dur. in ms

Attribute Mean Std.
Dev.

Min. Max. Mean Std.
Dev.

Min. Max.

Type of hydropower
expansion

2.72 2.68 0 25 5250 8051 0 108475

Lifetime risk of death
from a dam breach

2.53 2.31 0 26 4414 6057 0 98876

Lifetime risk of death
from a nuclear accident

2.14 2.06 0 17 3890 5752 0 64262

Increase in household’s
yearly electricity bill

2.18 1.97 0 20 3727 5568 0 115102

4.6.2 Stated ANA models

Stated ANA information is included in the choice models by restricting the at-
tribute coefficients of respondents stating ANA to zero. The stated ANA infor-
mation obtained from the survey is an ordinal variable which was converted
to a binary one. Since there is no theoretical basis on which a cutoff point can
be defined, we determine the threshold separating non-attenders from attenders
using model performance indicators. For the MXL models, which proved to per-
form better than the MNL models, we calculate the AIC and BIC values for every
possible cutoff point, as depicted in Appendix 4.C. Appendix 4.C illustrates that
both the AIC and the BIC are lowest for the model that defines stated ANA as
lower than 6 (on a scale from 0 to 10). This is therefore selected as the threshold
value, meaning that all respondents who stated a degree of attribute attendance
lower than 6 are treated as non-attenders for the specific attribute.

The estimated choice models that use the cutoff point explained above are
reported in Table 4.4. Since MXL models proved to perform better than MNL
models in this study, we only show the results of these specifications for all the
models estimated4. Model 1 assumes FAA and serves as baseline case. Model 2
takes stated ANA into account. The models were estimated using 2,500 Halton

4MNL model results are available from the authors on request.
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draws. All choice attributes except the price are specified as binary variables.
The coefficient for the first attribute (type of expansion) describes the effect of
constructing new hydropower plants compared with the extension of existing
plants. The attribute reflecting the lifetime risk of death from a dam breach is
also included as a binary variable indicating an increase in hydropower risk by
40% compared with an increase of 20%. The attribute describing the lifetime
risk of death from a nuclear accident is treated analogously, with its coefficient
describing the marginal effect of a risk reduction by 60% compared with a reduc-
tion of 30%. The ASC describes the effect of the status quo alternative compared
with the hypothetical hydropower expansion alternatives5.

The model results show that all coefficients associated with the choice at-
tributes are highly significant and have the expected signs. Hydropower expan-
sion scenarios are, on average, preferred to the status quo situation, as reflected
by the negative coefficient for the ASC. However, the construction of new hy-
dropower plants decreases the utility of respondents compared with extending
existing plants, possibly because new constructions have stronger environmen-
tal impacts than extensions. The signs of both risk attributes are as expected as
well: an increase in hydropower risk by 40% reduces the likelihood of choosing
a hypothetical hydropower expansion alternative compared with an increase of
20%, while a decrease in nuclear risk by 60% increases the likelihood of choosing
a hypothetical alternative compared with a decrease of 30%. An increase in the
household electricity bill affects respondents’ utility negatively.

The standard deviations of the random parameters are significant, with the
exception of the hydropower risk attribute, which suggests heterogeneity in re-
spondents’ preferences for all but the hydropower risk attribute. Comparing the
model that does not consider ANA (Model 1) with the model accounting for
stated ANA (Model 2) reveals that there is an improvement in model fit when
stated ANA information is incorporated into the choice models. This result con-
firms findings in the literature, which shows that including stated ANA infor-
mation into choice models improves model performance (e.g. Weller et al., 2014).
Neither the signs of the coefficients nor the coefficients’ significance levels differ
between the two models.

5Although the type of hydropower expansion and the hydropower and nuclear risk attributes
have three levels, only one binary variable for each attribute was included in the analysis. The reason
for this is that their status quo level was only part of the status quo alternative. The effect of a change
from the status quo to another level is hence unidentified and perfectly confounded with the ASC.
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TABLE 4.4: Full attribute-attendance and stated ANA MXL
models

Model 1: Model 2:
FAA Stated ANA

Variables Coeff. s.e. Coeff. s.e.

Mean estimates

ASC -4.592*** 0.445 -4.633*** 0.456

Construction of new hydropower plants -0.896*** 0.138 -1.266*** 0.195

Increase in lifetime risk of death from a dam
breach by 40%

-0.186** 0.083 -0.609*** 0.158

Decrease in lifetime risk of death from a
nuclear accident by 60%

0.527*** 0.098 0.917*** 0.154

Increase in household’s yearly electricity bill -0.004*** 0.001 -0.006*** 0.001

Standard deviations of random parameters

ASC 3.692*** 0.411 3.752*** 0.404

Construction of new hydropower plants 1.533*** 0.152 1.916*** 0.208

Increase in lifetime risk of death from a dam
breach by 40%

0.038 0.444 0.178 0.648

Decrease in lifetime risk of death from a
nuclear accident by 60%

0.778*** 0.133 1.051*** 0.185

Increase in household’s yearly electricity bill 0.004*** 0.001 0.005*** 0.001

Model characteristics

Number of observations 1624 1624

Log-likelihood (restricted) -1673.255 -1673.255

Log-likelihood (unrestricted) -1240.769 -1172.048

AIC/N 1.540 1.456

BIC/N 1.574 1.489

McFadden’s pseudo R2 0.305 0.343
Note: ***p<0.01, **p<0.05, *p<0.1.
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4.6.3 Visual ANA models

Defining an appropriate threshold that clearly separates respondents who at-
tend to the attributes from those who do not is even more crucial in the case of
visual ANA than in the case of stated ANA, since more definitions of ANA be-
havior are conceivable using the information on visual attendance. Visual ANA
can be defined in terms of either frequency or duration of attribute attendance,
and it can be defined in either absolute or relative terms, i.e. whether an ANA
threshold is defined in absolute terms or relative to a respondents’ attendance
to other attributes. Furthermore, there is the possibility to distinguish between
choice-task specific or serial ANA. The main criterion for selecting the definition
of visual ANA in this study is its comparability to the definition of stated ANA.
This means that visual ANA must also be serial. Furthermore, we initially fol-
low the definition of visual ANA proposed by Balcombe, Fraser, and McSorley
(2015) and Van Loo et al. (2014) in the context of eye-tracking. They define visual
ANA to a particular choice attribute as "ignorance of this attribute in a majority
of the choice tasks". Ignorance is thereby defined as less than two fixations on
the specific attribute. It is therefore an absolute definition of ANA. In our case,
non-attendance to an attribute is defined as the "frequency of uncovering an at-
tribute less than two times in a majority (four or more out of seven) of the choice
tasks". The coefficients for the non-attended attributes are restricted to zero in
an analogous manner as for the stated ANA models. The resulting choice model
incorporating visual ANA information as defined above is presented as Model 3
in Table 4.5.

The coefficients in Model 3 are similar in terms of signs, magnitudes, and sig-
nificance levels to the FAA and stated ANA models (Models 1 and 2) presented
earlier. The performance of the visual ANA model based on lookup frequency
indicates a deterioration compared with both the FAA model (Model 1) and the
model incorporating stated ANA information (Model 2).

In addition to the visual ANA definition used in Balcombe, Fraser, and Mc-
Sorley (2015) and Van Loo et al. (2014), both of which use eye-tracking, we
present a new definition of visual ANA based on mouse-tracking data. After ex-
perimenting with a large number of models using various definitions and thresh-
olds of visual ANA, we present the best-performing model. This model defines
ANA in terms of the duration of attribute-information uncovering instead of fre-
quency. Model 4 assumes that ANA occurs if the total duration of attending to
an attribute across the entire sequence of choice tasks is shorter than 10,000ms.
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TABLE 4.5: Visual ANA MXL models based on different thresh-
olds of lookup frequency and duration

Model 3: Model 4:
<2 fixations in <10,000 ms across
majority of choice tasks all choice tasks

Variables Coeff. s.e. Coeff. s.e.

Mean estimates

ASC -4.378*** 0.499 -4.686*** 0.467

Construction of new hydropower
plants

-1.191*** 0.164 -0.921*** 0.146

Increase in lifetime risk of death
from a dam breach by 40%

-0.208** 0.088 -0.230*** 0.087

Decrease in lifetime risk of death
from a nuclear accident by 60%

0.521*** 0.127 0.571*** 0.102

Increase in household’s yearly
electricity bill

-0.004*** 0.001 -0.004*** 0.001

Standard deviations of random parameters

ASC 4.176*** 0.443 3.922*** 0.412

Construction of new hydropower
plants

1.483*** 0.175 1.595*** 0.159

Increase in lifetime risk of death
from a dam breach by 40%

0.035 0.423 0.063 0.377

Decrease in lifetime risk of death
from a nuclear accident by 60%

0.816*** 0.174 0.778*** 0.142

Increase in household’s yearly
electricity bill

0.005*** 0.001 0.005*** 0.001

Model characteristics

Number of observations 1624 1624

Log-likelihood (restricted) -1673.255 -1673.255

Log-likelihood (unrestricted) -1271.914 -1235.730

AIC/N 1.579 1.534

BIC/N 1.612 1.567

McFadden’s pseudo R2 0.287 0.307
Note: ***p<0.01, **p<0.05, *p<0.1.
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Model 4 that uses lookup duration to define ANA performs better than the
model defining visual ANA based on the frequency of information acquisition.
Nevertheless, the improvements relative to the baseline FAA model are minor.
Comparing the visual ANA model (Model 4) with the model that relies on stated
ANA information (Model 2), it is evident that the stated ANA model performs
better.

4.6.4 Inferred ANA models

LC models can be used to infer the patterns of ANA behavior from the data
structure. In contrast to the standard LC model, the latent classes in an ANA con-
text represent specific behavioral strategies with respect to ANA. The estimated
ECLC model is shown in Table 4.6. Model 5 is the best-performing ECLC model,
and is based on the test-down procedure (Hensher, Rose, and Greene, 2015). This
choice model allows for combinations of non-attendance to several attributes6.
Model 5 does not allow for taste heterogeneity within and between classes. We
also ran ECLC models allowing for random taste parameters. However, these
models only converged for a subset of ANA classes. They also resulted in only
very few significant class membership probabilities. Finally, we also estimated
models without constraining the coefficients to be equal across classes. How-
ever, in most cases they show what Hensher, Rose, and Greene (2015) refer to as
"signature features of overfitting": namely, large standard errors, very small class
membership probabilities, and large differences in the coefficients across classes.

The estimated attribute coefficients are only shown for one class in Table
4.6, as they are the same for the attended attributes across all classes. The es-
timated model parameters have the same signs, and comparable significance
levels to most of the stated and visual ANA models presented in Tables 4.4 and
4.5. With respect to class membership probabilities, there are two remarkable
results. First, the probability of belonging to the FAA class is statistically in-
significant. Secondly, the probability assigned to class 7, which is characterized
by non-attendance to all attributes, is relatively high. Comparing the inferred
ANA model with the stated and visual ANA models, it follows that the ECLC
model performs less than the models using stated and visual ANA information.

The shares of respondents exhibiting ANA behavior based on stated, in-
ferred, and mouse-tracking data are compared in Table 4.7. They differ between

6An alternative model, which restricts ANA behavior to non-attendance to a single attribute and
FAA behavior to all four choice attributes, is presented in Appendix 4.D. This model does not include
an option of non-attendance to more than one attribute.
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TABLE 4.6: Inferred ECLC ANA model

Model 5:
ECLC model

Variables Coeff. s.e.

Mean estimates

ASC -2.148*** 0.123

Construction of new hydropower plants (a) -3.750*** 0.427

Increase of lifetime risk of death from a dam breach by 40% (b) -1.392*** 0.316

Decrease of lifetime risk of death from a nuclear accident by 60% (c) 2.091*** 0.324

Increase in household’s yearly electricity bill (d) -0.008*** 0.000

Class membership probabilities

Class 1: FAA 0.000 0.020

Class 2: ANA to (a) 0.048** 0.024

Class 3: ANA to (c) 0.116*** 0.032

Class 4: ANA to (a), (d) 0.117*** 0.032

Class 5: ANA to (b), (d) 0.238*** 0.033

Class 6: ANA to (a), (b), (c) 0.113*** 0.030

Class 7: ANA to (a), (b), (c), (d) 0.368*** 0.040

Model characteristics

Number of observations 1624

Log-likelihood (restricted) -1673.255

Log-likelihood (unrestricted) -1312.405

AIC/N 1.630

BIC/N 1.666

McFadden’s pseudo R2 0.264
Note: ***p<0.01, **p<0.05, *p<0.1.
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the ANA approaches, as they are dependent on the definition of ANA or, more
specifically, on the cutoff point used for stated and visual ANA definition and the
number and characteristics of classes used for the inferred ANA model. There
is also no observable clear pattern in relative terms, i.e. when comparing the
most and least attended attributes between the different ANA definitions. Based
on stated ANA and visual ANA lookup duration, the type of hydropower ex-
pansion is the most-attended attribute, whereas in the case of inferred ANA the
lifetime risk of death from a nuclear accident is the most-attended attribute. Ac-
cording to the stated and visual ANA approaches the respondents display the
highest propensity of non-attendance to the risk attributes: hydropower risk in
the case of stated ANA, and nuclear risk in the case of visual ANA. Again, the
result for inferred ANA is different, and shows that the price attribute is the least
attended attribute in the best-fit model. The substantial differences in the shares
of respondents exhibiting ANA behavior between the different ANA approaches
are in line with the results found in the literature comparing stated and inferred
ANA (e.g. Campbell, Hensher, and Scarpa, 2011; Kragt, 2013; Weller et al., 2014).

TABLE 4.7: Shares of respondents displaying stated, visual, and
inferred ANA

Type of
hydropower
expansion

Lifetime
risk of death
from a dam
breach

Lifetime
risk of death
from a
nuclear
accident

Increase in
household’s
annual
electricity
bill

ANA definition Share of respondents

Stated ANA

Stated ANA <6 29.3% 72.4% 49.1% 40.9%

Visual ANA

<2 fixations in a majority of
choice tasks

29.7% 27.6% 44.8% 37.5%

<10,000ms uncovering
duration across all choice
tasks

3.4% 7.3% 7.8% 7.3%

Inferred ANA

ECLC model 64.6% 71.9% 59.7% 72.3%
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4.7 Discussion and conclusions

A comparison of the model performance indicators across the estimated mod-
els enables us to draw several conclusions. First, taking stated or visual ANA
into account improves the model performance compared with the conventional
choice models assuming FAA. Second, comparing the models based on the stated
and inferred ANA approaches shows that the stated ANA model outperforms
the inferred model. Third, although the visual ANA model that uses a duration-
based ANA definition performs slightly better than the baseline FAA model and
better than the inferred ANA model, it performs worse than the stated ANA
model. Therefore, we have to reject our central hypothesis that including visual
ANA information results in improved choice models compared with existing
ANA models in the literature. Although this is somewhat contrary to expecta-
tions, as revealed ANA behavior was expected to produce more reliable infor-
mation than stated ANA behavior, and hence increase the explanatory and pre-
dictive power of the choice models, this finding does not contradict the limited
evidence in the existing literature using eye-tracking to study ANA. Balcombe,
Fraser, and McSorley (2015) find that a model based on stated ANA performs
better than a model based on visual ANA, and also in their case both ANA mod-
els perform better than the FAA model which does not account for ANA. Van
Loo et al. (2014) use the same definition of visual ANA as Balcombe, Fraser, and
McSorley (2015) and introduce two additional visual ANA definitions, but none
of them improves the baseline FAA model. Interestingly, other studies which
compare eye-tracking information with stated responses outside the domain of
ANA find similar results. Uggeldahl et al. (2016), for example, compare choice
models taking stated choice certainty into account with models that consider
choice certainty based on eye-tracking. They also find that the inclusion of stated
information results in better models than the inclusion of visual information. The
results of our study are hence in line with the findings in the existing literature on
visual ANA and in other literature on eye-tracking. Note, however, that the stud-
ies on eye-tracking ANA have very low sample sizes of 81 and 40 participants
in Balcombe, Fraser, and McSorley (2015) and Van Loo et al. (2014), respectively.
To our knowledge, there is no study yet that uses mouse-tracking to investigate
ANA with which we could compare our results.

There may be several explanations for the results found in visual ANA stud-
ies in the literature including our study. First, it is not clear what is the most ap-
propriate definition and measurement of visual ANA behavior, independently
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of whether it is examined by eye- or mouse-tracking techniques. There are nu-
merous possible definitions based on either the frequency or the duration of
attribute attendance, which can furthermore be measured either in absolute or
relative terms. ANA behavior can also be defined as choice-task specific or se-
rial. We tried a number of alternative definitions, but none of them resulted in
a substantial model improvement. Moreover, the results obtained from models
which use different definitions of visual ANA are rather similar, suggesting a
low sensitivity to varying ANA definitions. We observe that more stringent def-
initions of visual ANA, i.e. labeling more respondents as visual non-attenders,
often resulted in lower model performance. This may be an indication that the
relationship between visual and true ANA is not as straightforward as it seems.
The premise that low visual attendance to an attribute, defined either in terms
of low frequency or duration of attribute lookup, represents a real behavioral
non-attendance to an attribute may not always hold. That is, a low frequency
or short duration of uncovering attribute information does not necessarily im-
ply that participants in a choice experiment ignore or attach low importance to
the attribute. In fact, it is plausible that the relationship may in some cases even
be the reverse, meaning that respondents look at an attribute briefly and only
a few times because they assign a high importance to this attribute and conse-
quently do not require a high mental effort to process the presented information
associated with that attribute.

Our results suggest that ANA needs to be considered in choice models, but
that it may suffice to include ANA information stated by respondents during
the survey. While the former finding is in line with the existing literature, the
latter is contrary to what most studies report that compare stated and inferred
ANA approaches. We did not detect evidence to support the lack of trust to use
stated ANA information in discrete choice models often reported in the litera-
ture. A possible explanation for this may be that in this study respondents were
asked to state the strength of ANA on an 11-point measurement scale. A cutoff
value that separates attenders from non-attenders was carefully defined based
on different model performance indicators. This procedure seems to increase the
quality of stated ANA responses in contrast to the more standard approach of
asking respondents whether or not they attended to an attribute. Although we
find that stated (and visual) ANA approaches provide a better model fit than
the inferred ANA approach, it is important to keep in mind that the econometric
models differ in the way they treat preference heterogeneity, i.e. inferred from
LC or stated in MXL models. This too may have influenced the comparability of
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model performance.
Finally, the results may have been affected by the specific mouse-tracking

procedure used in this study to assess attribute attendance and the additional
cognitive burden mouse-tracking might have imposed compared to a standard
choice experiment setting. The same survey data were therefore also collected
from another sample of 250 respondents without the mouse-tracking treatment.
The results of this comparison show that there are no statistically significant dif-
ferences between the two samples in terms of their sociodemographic character-
istics and the estimated choice models’ preference and scale parameters (follow-
ing the Swait and Louviere (1993) test procedure, the outcome of the Likelihood
Ratio test statistics are 12.33 and 1.41 for the first and second Swait-Louviere test
stage, respectively, with corresponding p-values of 0.34 and 0.23). This suggests
the absence of procedural bias that could have influenced the results presented
here, and that choice behavior in the specific mouse-tracking procedure did not
significantly deviate from choice behavior under regular online choice experi-
ment conditions.

Nevertheless, more research is needed to determine how exactly ANA mani-
fests itself in terms of visual information acquisition, and how such information
can be appropriately included in choice models. Although this study applies
a sensitivity analysis by estimating models using different definitions of visual
ANA, a more stringent definition of visual ANA that is well supported by vi-
sual information acquisition studies would substantially benefit future research
on this topic. In addition, eye-tracking studies with larger sample sizes could
help to arrive at more robust conclusions on visual ANA using this method.
Comparing mouse-tracking with eye-tracking technologies using split-samples
could yield additional insights into the comparative performance of the two vi-
sual tracking methods for the analysis of ANA.
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4.A Example choice task

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 4.3: Example choice task (all attributes uncovered)
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4.B Lookup frequency and duration
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Choice task sequence 

Type of hydropower expansion
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FIGURE 4.4: Average lookup frequency over choice tasks
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Type of hydropower expansion
Lifetime risk of death from a dam breach
Lifetime risk of death from a nuclear accident
Increase in household’s yearly electricity bill 

FIGURE 4.5: Average lookup duration over choice tasks
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4.C AIC and BIC
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FIGURE 4.6: Akaike and Bayesian information criteria for MXL
models based on different definitions of stated ANA
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4.D Baseline ECLC model

TABLE 4.8: Baseline ECLC model

Model 6:
Baseline ECLC model

Variables Coeff. s.e.

Mean estimates

ASC -1.888*** 0.145
Construction of new hydropower plants (a) -2.591*** 0.259
Increase of lifetime risk of death from a dam breach by 40% (b) -0.089 0.072
Decrease of lifetime risk of death from a nuclear accident by 60% (c) 0.725*** 0.058
Increase in household’s yearly electricity bill (d) -0.004*** 0.000

Class membership probabilities

Class 1: FAA 0.000 0.975
Class 2: ANA to (a) 0.605*** 0.057
Class 3: ANA to (b) 0.000 0.961
Class 4: ANA to (c) 0.172** 0.086
Class 5: ANA to (d) 0.224*** 0.048

Model characteristics

Number of observations 1624
Log-likelihood (restricted) -1673.255
Log-likelihood (unrestricted) -1458.266
AIC/N 1.807
BIC/N 1.837
McFadden’s pseudo R2 0.183
Note: ***p<0.01, **p<0.05, *p<0.1.
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