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requires that they believe their survey responses can influence decisions related to the outcome in question
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implemented (payment consequentiality). We investigate the effects of these two aspects of
consequentiality on stated preferences in a field survey concerning renewable energy development in
Poland. We find that beliefs in policy and payment consequentiality strengthen respondents’ interest in
having the project implemented, but policy consequentiality decreases, while payment consequentiality
increases their sensitivity to the project cost, thus increasing or decreasing their willingness to pay,
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perceptions about policy and payment consequentiality and their risk attitudes, finding no significant
relationship.
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1. Introduction

Designing stated preference surveys so that they are incentive compatible (that is, for rational
respondents, they provide a single dominant strategy to their reveal preferences truthfully;
Carson and Groves 2007) is becoming a widely suggested practice in the literature. It constitutes
one of the state-of-the-art recommendations for stated preference research (Johnston et al.
2017), and has been empirically shown to improve the validity of value estimates derived from
stated preference surveys, hence, pointing to the robustness of implied preference and
willingness-to-pay measures when incentive compatibility of a survey is assured (Zawojska and
Czajkowski 2017). Making a stated preference survey incentive compatible means satisfying a
set of conditions. Out of them, the one that is presumably the least arguable is a survey
consequentiality. The recent guidelines for stated preference research (Johnston et al. 2017)
define consequentiality as consisting of two elements: a nonzero probability, as faced or
perceived by respondents, that their responses will influence decisions related to the outcome
in question (henceforth referred to as “policy consequentiality’”) and a nonzero probability that
respondents will have to pay for that outcome if it is implemented (henceforth “payment
consequentiality”). Despite broad empirical evidence on the important role of consequentiality
for truthful preference elicitation, little is known about correct ways how to measure and
influence respondents’ beliefs over consequentiality (Kling et al. 2012). Moreover, existing
research barely differentiates between the effects of policy consequentiality and payment
consequentiality on stated preferences, commonly treating consequentiality as a uniform

concept.

The effects of a survey consequentiality on stated preferences are inquired in various
ways. Some studies define a probability with which a survey’s outcome will be binding and
examine the influence of this probability on respondents’ behaviour (e.g., Carson et al. 2014;
Mitani and Flores 2012). Some verify how respondents’ stated preferences change when scripts
informing about the survey’s consequential character are included or excluded (e.g., Bulte et
al. 2005). Other ask respondents explicitly about their beliefs over the survey consequentiality
and check whether their stated preferences differ in these perceptions (e.g., Broadbent, Grandy,
and Berrens 2010; Nepal et al. 2009; Vossler et al. 2012). Typically, these studies refer to
consequentiality in general, without differentiating between policy and payment

consequentiality.

Empirical investigations provide divergent results concerning the effects of

consequentiality on stated preferences. Studies that use separate treatments characterised by
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different probabilities of a referendum-style survey being binding generally find that
respondents faced with low levels of this probability are more likely to vote “yes” than
respondents in other treatments, revealing higher willingness to pay for a considered project
when the referendum has small chances of being binding (Carson et al. 2014; Cummings and
Osborne Taylor 1998; Landry and List 2007). Studies that test the effects of survey scripts
emphasising consequentiality usually report that stated preferences are invariant to changes in
the degree of this emphasis, resulting in statistically indistinguishable willingness-to-pay values
for a considered project across questionnaires accentuating the survey consequentiality to
various extents (Drichoutis, Vassilopoulos et al. 2015; Oehlmann and Meyerhoff 2017). On the
other hand, the research of Czajkowski et al. (2017) suggests that the degree of consequentiality
communicated via survey scripts statistically matters for stated preferences (increasing
marginal willingness to pay for some project attributes), but the effect appears to be very weak.
Lewis et al. (2016) observe that respondents presented with the consequentiality script are
significantly more likely to choose one of the product options than the “none of these” option.
Studies that check how stated preferences differ in declared consequentiality perceptions often
reveal that the willingness-to-pay values increase in the strength of the consequentiality belief
(Forbes et al. 2015; Groothuis et al. 2017; Herriges et al. 2010; Hwang et al. 2014; Interis et al.
2014; Lietal. 2015; Vossler et al. 2017; VVossler and Holladay 2016; Vossler and Watson 2013).
However, findings of the studies based on self-reported consequentiality measures are not
univocal. Vossler et al. (2012) show that marginal willingness to pay for the project attributes
decreases in the strength of the consequentiality belief. The results of Broadbent (2012) and
Oehlmann and Meyerhoff (2017) indicate that willingness to pay does not change across
various strength levels of stated consequentiality perceptions. Importantly to mention, none of
the studies referred to in this paragraph distinguishes between policy and payment
consequentiality, treating consequentiality as a uniform construct. Separation of the elements
of consequentiality could possibly help explain the mixed findings observed in the received

literature.

To the best of our knowledge, only two studies to date have investigated policy and
payment consequentiality separately.! Mitani and Flores (2010, 2014) develop theoretical
models to show that truthful preference disclosure is affected by probabilities of the provision

1 Vossler and Holladay (2016) and Oehlmann and Meyerhoff (2017) ask respondents about their beliefs over policy and
payment consequentiality separately, however, the former combine the data from the two consequentiality questions for the
analysis, while the latter examine only responses to the policy-consequentiality question, leaving payment consequentiality
aside.
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of a good and of the payment collection in the contexts of a referendum voting and a threshold
provision mechanism, respectively. Each of the studies tests the theoretical predictions in an
induced-value lab experiment, in which the probabilities of provision and payment are
exogenously determined by researchers. Mitani and Flores (2010, 2014) hypothesise that the
impact of policy and payment consequentiality on truthfulness of stated preferences varies
depending on respondents’ risk attitudes. For example, a risk-averse respondent is conjectured
to reveal her preferences truthfully when she believes more strongly in policy consequentiality
than in payment consequentiality; in other words, when in her perception, the probability of the
good provision is higher than the probability of the payment collection. A risk-averse
respondent is reckoned to understate her true willingness to pay for a project when she perceives

the payment probability to be equal to or higher than the provision probability.

Regarding the sole effect of policy consequentiality on stated preferences, the study of
Kataria et al. (2012) provides some insights. In the field survey exploring preferences towards
improving the water quality of Odense River in Denmark, the authors elicit respondents’
perceptions about whether they believe that the changes described in the considered policy
scenario could indeed occur. They find that more than 60% of respondents view the
improvements as (rather) unlikely, and that these respondents express weaker preferences for
many attributes of the considered scenario than the remaining part of the sample. They conclude
that the value estimates based on stated preference data may be substantially biased because of
the mistrust that changes may indeed take place (or, using the terminology of this paper, because
of the lack of policy consequentiality). Their study indicates that the bias increases in the level
of mistrust and of the proposed improvement.

The study of Carson et al. (2014) points out to the important role of payment
consequentiality for preference elicitation. Their field experiment includes treatments in which
if a referendum passes, the public good is provided with certainty but participants face either
20% or 80% probability that they will be required to pay for this provision. The results indicate
that the probability of voting “yes” is statistically significantly larger in the weak (20%)
payment consequential treatment than in the strong (80%) payment consequential treatment.

This implies that weak payment consequentiality encourages participants to vote “yes”.

Payment consequentiality is also related to credibility of the project cost presented in a
survey as perceived by respondents. Studies that ask respondents whether they believe that the
presented cost will be equal to the actually implemented cost reveal that substantial shares of

respondents have serious doubt about it: 42% of participants in the study of Champ et al. (2002)
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and 67% of participants in the study of Strong and Flores (2006). Among the participants who
do not believe that the presented cost will be the actual cost, the majority think the actual cost
will be higher. In their theoretical model, Flores and Strong (2007) show that such beliefs may

considerably bias downward the value estimates obtained derived from stated preference data.

In this paper, we aim at deepening the understanding of the role of consequentiality in
stated preference surveys, by distinguishing between the impacts of self-perceived policy and
payment consequentiality on respondents’ behaviour. Our study contributes to the existing

literature by addressing the following two issues.

First, unlike earlier studies, in which respondents’ perceptions about consequentiality are
elicited through a single question such as how strongly they believe that the survey’s outcome
will be used for future policy purposes, we ask respondents about beliefs over policy and
payment consequentiality separately. Researchers raise a doubt whether the commonly used
single question captures these beliefs well (Czajkowski et al. 2017; Kling et al. 2012). In
surveys, respondents are asked to indicate the strength of their consequentiality beliefs on a
Likert scale ranging from two (Broadbent 2012; Broadbent et al. 2010) to several levels (e.g.,
Herriges et al. 2010; Vossler et al. 2012). Following this practise, we include five levels, and
we additionally verify where respondents who answer “I do not know” to the consequentiality
questions should be located on the scale — for example, in the middle, or at any of its ends. To
the best of our knowledge, none of the existing empirical studies distinguishes the effects of
respondents’ beliefs over policy and payment consequentiality on stated preferences. We
address this issue by including questions to separately assess respondents’ perceptions about
the two aspects of consequentiality and by subsequent explicit econometric modelling of the

impacts of these perceptions on stated preferences.

Second, we empirically verify a claim suggested in theoretical work that for truthful
preference revelation, not only the positive strength levels of the beliefs over policy and
payment consequentiality matter (a so-called knife-edge result),? but also the relation between
the two levels, namely which belief is stronger / weaker (Mitani and Flores 2014). As mentioned
earlier, the impact of this relation on preference disclosure is hypothesised to vary depending

on a respondent’s risk attitude. We empirically test the influence of a respondent’s risk attitude

2 Herriges et al. (2010) introduce the term “knife-edge result” to refer to the conclusion of Carson and Groves (2007) that for
assuring a survey’s consequentiality, the probability of a survey being consequential, as faced or perceived by respondents,
needs to be at least marginally larger than zero.
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on preferences stated in a survey and examine the correlation of risk attitudes with beliefs over

policy and payment consequentiality.

We investigate the two issues in a field study of preferences towards development of
renewable energy infrastructure. Our baseline model focuses on the influence of perceptions
about policy and payment consequentiality on stated preferences. To incorporate self-reported
measures of the beliefs into econometric modelling of preferences, while addressing the
potential measurement error problem and accounting for the ordinal nature of explanatory
variables, we follow Czajkowski et al. (2017) and apply a hybrid mixed logit framework. The
unobservable beliefs, which were assessed on a five-point Likert scale in the survey, are
modelled as latent variables. Our supplement model includes additionally a latent variable
related to respondents’ (unobservable) risk attitudes, measured in the survey as a count variable
related to the number of choices of risky lotteries in the Tanaka et al. (2010) approach. This
allows us to test the role of risk attitudes for stated preferences and for beliefs over

consequentiality.

In a recent paper, Czajkowski et al. (2017) develop an econometric framework to account
for stated measures of latent (unobservable) beliefs into models of stated preferences. Their
hybrid mixed logit approach allows for accommodating multiple latent factors in flexible ways
that take the nature of explanatory variables into account (for example, ordered choice,
multinomial choice, count data models). In addition, specifying measurement equations as
functions of latent variables and error terms recognises the presence of the measurement error
and, hence, avoids the measurement bias resulting from direct inclusion of imprecisely
measured stated beliefs as interactions in the discrete choice component of the model. We
follow this approach to inquire the effects of unobservable beliefs over policy and payment

consequentiality and of unobservable risk attitudes on stated preferences.

We find that latent beliefs over policy consequentiality and payment consequentiality are
strongly correlated with the self-reported measures of the respective beliefs; and that the two
beliefs affect stated preferences significantly, but differently. While both beliefs strengthen
respondents’ interest in having the considered project implemented, policy consequentiality
decreases, while payment consequentiality increases their sensitivity to the project cost. As a
result, respondents with strong beliefs over policy consequentiality are willing to pay
substantially more for the project than respondents with strong beliefs over payment
consequentiality. This finding is of particular importance, calling into question whether

consequentiality perceptions can be well measured through the usual approach of a single
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question. Finally, we observe that risk attitudes do not affect the self-reported measures of
consequentiality beliefs and have a negligible impact on stated preferences, thus questioning

predictions from the theoretical model developed by Mitani and Flores (2014).

The remainder of the paper is structured as follows. Section 2 provides details about the
survey instrument employed for data collection. Section 3 outlines the econometric approach
we use for modelling preferences and for linking them with unobservable consequentiality
perceptions and risk attitudes. Section 4 presents results of the empirical analysis. Section 5

discusses the findings and concludes.

2. Empirical study

We examine the role of consequentiality beliefs on stated preferences in a field survey that
elicited preferences of Polish citizens towards development of renewable energy infrastructure.
Assessing the benefits of the development to the society is particularly important given that the
European Union policy requires increasing the use of renewable sources for energy production.
At the same time, renewable energy development can cause several external impacts that need
to be taken into account to take socially optimal decisions about expansion of renewable energy
infrastructure. The values of such externalities are often not directly reflected in market prices.
Therefore, the nonmarket valuation methodology based on stated preferences may help evaluate

these effects and provide decision-makers with necessary information for cost-benefit analysis.

Data was collected through face-to-face, computer-assisted personal interviews (CAPI)
administered by a professional polling agency. The survey consisted of five parts. The first part
informed respondents about various renewable energy sources, which included wind, sun and
biomass, because the survey investigated preferences towards these types of energy. It also
asked several warm-up questions about respondents’ exposure and attitudes towards renewable
energy. The second part employed a discrete choice experiment to elicit preferences towards
the development of renewable energy infrastructure. The third part asked about respondents’
beliefs over consequentiality, while the fourth part measured their risk attitudes. In the fifth
part, socio-demographic data was collected. Next subsections provide details about the survey’s

parts and implementation.

2.1. Discrete choice experiment
In the discrete choice experiment, respondents were displayed a sequence of six choice tasks.

Each task presented four variants of the development of renewable energy sites, out of which
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respondents were asked to indicate their most preferred variant. The considered expansions of
renewable energy infrastructure applied to an area in a radius of 10 km from a respondent’s
place of residence. The variants were labelled: the first three referred to the development of
wind, solar and biomass energy sites, while the last variant represented the future status quo
implying that a respondent did not want to see / did not care about changes introduced in the
current trend of the renewable energy development. Definitions of the labelled variants of the
renewable energy development, together with pictograms used for their illustration, are shown
in Table 1.

Table 1. Definitions and pictograms of the labelled variants of renewable energy development

Type Definition Pictogram

Electricity generated from single wind turbines or from wind

Wwindenergy | 2 located on the mainland

Solar energy Electricity generated from solar panels located in open areas

Biomass Electricity generated from biomass, for example, from
energy residues from harvesting corn

Every variant of the renewable energy development was described by six characteristics
(attributes), including a monetary attribute that was defined as a change in the electricity bill.

The attributes are explained in Table 2, together with their levels used in the survey.

The future status quo variant depicted the future state of renewable energy expansion
assuming no interference in the current process of the development. Thus, it was related to no
changes in the electricity bill. The other variants represented scenarios of renewable energy
expansions that differed from the future status quo and, thereby, included changes in the

electricity bill. An example of a choice task is shown in Figure 1.
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Table 2. Attributes used for describing variants of renewable energy development

Attribute Description Levels

Distance | 2 Minimum distance of a renewable | 54 64. 909 (FSQ): 1,600; 2,500 [meters]
energy site from residential areas

Size A size of a renewable energy site Small, Medium (FSQ), Large

Number A number of renewable energy sites 1;2;3(FSQ); 4;5

Croted | e o e Bttt |20 300 ()40 S0%

Lines A type of energy transmission lines Overhead (FSQ); Underground

Cost A change in the electricity bill per month | -20; -10; 0 (FSQ); +5; +15; +30; +50 [PLN]

Notes: FSQ indicates the attribute levels of the future status quo variant. The levels of the attribute Size were
precisely defined for every type of renewable energy. For wind energy, Small meant 5—-10 turbines, Medium 18—25
turbines and Large 35-50 turbines. For solar energy, each attribute level was associated, respectively, with 0.5—5
hectares, 20—40 hectares and 60—100 hectares. For biomass energy, the respective levels of the attribute were
related to 1-3 fermentation tanks, 5—8 fermentation tanks and 15—25 fermentation tanks.

Figure 1. An example of a choice task

Wind energy | Biomass energy | Solar energy indlif?gent

A minimum distance of a
renewable energy site from 600 m 2,500 m 300 m 900 m
residential areas

Large
A size of a renewable Large (15-25 Small Medium
energy site (3550 turbines) | fermentation (0.5-5 hectares)

tanks)
A numbgr of renewable 4 5 5 3
energy sites
A share of the area
protected from renewable 20% 50% 10% 30%
energy expansion
A type_of_ener_gy Underground Underground Overhead Overhead
transmission lines
A change in the electricity +30 PLN -10 PLN +30 PLN 0PLN
bill per month (per year) (+360 PLN) (-120 PLN) (+360 PLN)
My choice O O O m

Note: The original questionnaire was in Polish. The figure presents a translated choice task.
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Variants of the renewable energy development were generated based on a Bayesian C-
efficient design optimised for a multinomial logit model with dominated variants being
excluded (Scarpa and Rose 2008). The final design comprised 24 choice tasks that were blocked
into four blocks of six choice tasks, and respondents were randomly assigned one of the blocks.
To control for order effects, we randomised across respondents the order of choice tasks and

the order of the first three labelled variants.

2.2. Measures of consequentiality perceptions

After the discrete choice experiment, information about respondents’ perceptions about policy
consequentiality and payment consequentiality was collected. Respondents were asked to
indicate the degrees to which they agreed with each of the statements below:3

“My choices in this survey will be taken into account in decision-making about the

development of renewable energy infrastructure.”
— “My choices in this survey will have influence on future prices of electricity.”

Hereafter, we refer to the first statement as a policy-consequentiality question and to the
second statement as a payment-policy question. Each of them was assessed on a five-point
Likert scale that included responses: “I definitely agree”, “I agree”, “I disagree”, “I definitely
disagree” and “I do not know”. We treat a respondent’s answer to the first statement as an
indicator for her belief in policy consequentiality (the perceived chances of the actual provision
of the public good) and the answer to the second statement as an indicator for her belief in
payment consequentiality (the perceived chances of the actual changes in the electricity bill).
In addition, we pay particular attention to whether the answer “I do not know” can be treated
as a continuous mid-scale response, or it rather represents an inherently different attitude

towards the issue.

2.3. Measures of risk attitudes
In the next part of the survey, we employed the design of Tanaka et al. (2010) to elicit
respondents’ risk attitudes. This approach allows for determining individuals’ preferences

towards risk in a financial domain. Given that the considered project of the renewable energy

3 Both statements were originally in Polish. Here translations are provided.



Zawojska, E. et al. / WORKING PAPERS 1/2018 (260) 10

development involved changes in costs of electricity, we found the approach of Tanaka et al.

(2010) relevant in the context of our research.

Respondents’ risk attitudes were assessed based on their choices in two series of pair-
wise comparisons of lotteries.* The series are presented in Table 3. In every comparison,
respondents faced two lotteries (A and B), which were characterised by two payoffs with
assigned probabilities, and they were asked to indicate their preferred lottery out of the two.
Within each series, lottery A remained unchanged throughout all the comparisons, while one

of the payoffs in lottery B kept on being increased from a comparison to a comparison.

In each comparison, the difference between the possible payoffs in lottery A is much
smaller than the difference between the possible payoffs in lottery B. Simplifying, it can be said
that respondents chose between safe lottery A and risky lottery B. Because the expected payoff
from lottery B was increasing across the comparisons, choosing the risky lottery was becoming
more and more attractive from a comparison to a comparison. The point at which a respondent
switched from lottery A to lottery B implied her risk attitude: the later a respondent chose lottery

B, the higher her risk aversion was.

All pair-wise comparisons within a series were displayed to a respondent simultaneously.
Respondents were asked to indicate in which comparison they wanted to switch from lottery A

to lottery B. They were noted that they could choose lottery B since the very first comparison.

Table 3. Two series of pair-wise comparisons of lotteries used in the survey

Series 1
Lottery A Lottery B EVa-EVs
Prob. Payoff Prob. Payoff Prob. Payoff Prob. Payoff
0.3 400 0.7 100 0.1 680 0.9 50 77
0.3 400 0.7 100 0.1 750 0.9 50 70
0.3 400 0.7 100 0.1 830 0.9 50 62
0.3 400 0.7 100 0.1 930 0.9 50 52
0.3 400 0.7 100 0.1 1,060 0.9 50 39
0.3 400 0.7 100 0.1 1,250 0.9 50 20
0.3 400 0.7 100 0.1 1,500 0.9 50 -5
0.3 400 0.7 100 0.1 1,850 0.9 50 -40
0.3 400 0.7 100 0.1 2,200 0.9 50 -75
0.3 400 0.7 100 0.1 3,000 0.9 50 -155

4 As proposed by Tanaka et al. (2010), the survey contained three series of pair-wise lottery comparisons to assess three
parameters expressing a respondent’s risk attitude: a utility function concavity parameter, a probabilities” weighting parameter
and a loss aversion parameter. Here, we only use data from the two first series of lotteries which informs about respondents’
risk aversion; we do not inquire into the issue of loss aversion. Information obtained from all three series of lotteries was used
in another study, namely in Bartczak et al. (2017).
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0.3 400 0.7 100 0.1 4,000 0.9 50 -255
0.3 400 0.7 100 0.1 6,000 0.9 50 -455
0.3 400 0.7 100 0.1 10,000 0.9 50 -855
0.3 400 0.7 100 0.1 17,000 0.9 50 -1,555
Series 2
Lottery A Lottery B EVa-EVs
Prob. Payoff Prob. Payoff Prob. Payoff Prob. Payoff

0.9 400 0.1 300 0.7 540 0.3 50 -3
0.9 400 0.1 300 0.7 560 0.3 50 -17
0.9 400 0.1 300 0.7 580 0.3 50 -31
0.9 400 0.1 300 0.7 600 0.3 50 -45
0.9 400 0.1 300 0.7 620 0.3 50 -59
0.9 400 0.1 300 0.7 650 0.3 50 -80
0.9 400 0.1 300 0.7 680 0.3 50 -101
0.9 400 0.1 300 0.7 720 0.3 50 -129
0.9 400 0.1 300 0.7 770 0.3 50 -164
0.9 400 0.1 300 0.7 830 0.3 50 -206
0.9 400 0.1 300 0.7 900 0.3 50 -255
0.9 400 0.1 300 0.7 1,000 0.3 50 -325
0.9 400 0.1 300 0.7 1,100 0.3 50 -395
0.9 400 0.1 300 0.7 1,300 0.3 50 -535

Notes: Prob. denotes the probability of the payoff that comes in the next column. EVa-EVg is a difference in
expected values between lottery A and lottery B. All payoffs are in PLN, as it was used in the survey.

2.4. Survey implementation

The survey was conducted in January 2016 and, in total, 801 respondents took part in it. Quotas

were implemented to match the interviewed sample with the adult population of Poland in terms

of gender, age, size of the place of residence and its geographical location. Socio-demographic

characteristics of the sample are provided in Table 4.

Table 4. Socio-demographic characteristics of the sample

Shares / Means

Women 52.3%
Age 50.2
Education
Primary / Elementary 38.2%
Secondary 34.6%
High / Higher 27.2%
Net monthly individual income 485.25 EUR®

5 In the reminder of the paper, all monetary values were converted from PLN to EUR to facilitate interpretation. At the time of
the study, 1 PLN = 0.25 EUR = 0.33 USD.
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The survey was designed based on interviews and extensive pretesting with individuals
representative of the general adult population of Poland. The discrete choice part of the survey
was also tested in an earlier study conducted in Germany within the project EnergyEFFAR.®
Pretesting within the German project involved six focus groups and two pilot studies, one with
work colleagues and another with representatives of the general population of Germany.

3. Econometric framework

In modelling respondents’ preferences towards the renewable energy development and
variation of the preferences related to unobservable consequentiality beliefs and risk attitudes,
we follow the approach proposed by Czajkowski et al. (2017). Their framework belongs to a
class of hybrid choice models (Ben-Akiva et al. 2002), which are structural models that
incorporate choice and non-choice components.” In our baseline model, the choice component
comes from the discrete choice experiment and uses a mixed logit approach for modelling stated
preferences, while the non-choice component provides the measurement of latent variables
based on self-reported perceptions about consequentiality, which are modelled through ordered
choice regressions. In addition, the non-choice (measurement) component of the supplement
model includes a count data model that captures unobservable risk attitudes measured through

respondents’ lottery choices.

The theoretical foundation of the econometric approach comes from a random utility
framework (McFadden 1974), which assumes that individuals derive utility from observed
characteristics of a good (here, features of a renewable energy project) and unobserved
idiosyncrasies. Following this theory, analysts identify respondents’ preferences based on their

discrete choices in a survey.

The hybrid choice modelling approach allows one to include unobservable perceptions
and cognitive processes into the random utility framework in order to examine the influence of
these unobservable factors on stated preferences. In our study, we consider several
unobservable factors: beliefs over policy consequentiality, beliefs over payment
consequentiality and attitudes towards risk. The survey provides measures of each of these
factors through respondents’ self-reports to the consequentiality questions and their answers in

the lottery comparisons. Common practice is to include stated measures directly into the choice

6 Project “Efficient and fair allocation of renewable energy production at the national level” funded by the Federal Ministry of
Education and Research in Germany.
7 For other examples see Hess and Beharry-Borg (2011), Mariel and Meyerhoff (2016) and Czajkowski et al. (2017).
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model as explanatory variables. However, this may give rise to a problem of measurement error
because stated measures imprecisely express respondents’ actual (inner) beliefs over
consequentiality and their risk attitudes. Hybrid choice models address this issue (Budzinski
and Czajkowski 2017).

In our modelling approach, separate latent variables are used to capture the unobservable
factors that are presumed to affect preferences and that at the same time are measured (though
imprecisely) in the survey by respondents’ self-reports to the consequentiality questions and
their answers in lottery comparisons. Our hybrid choice model consists of two parts: a discrete
choice component and measurement equations, and the two parts are tied through the latent
variables. The measurement equations link self-reported measures of unobservable factors with
the latent variables; the equations help recognise measurement error. In the discrete choice
component, the latent variables are used to explain differences in respondents’ stated
preferences. Figure 2 illustrates our modelling approach. Two subsections that follow discuss
each of the model components. The model is estimated using (full information) maximum

simulated likelihood method.®

Figure 2. Components of the structural (hybrid choice) model

Measurement equations
(ordered probit, count regression)

Latent variables (LVSs) Discrete choice model

, , - Unobservable beliefs over (mixed logit)
LVs linked with measures of \ SO . .
g p : consequentiality and unobservable risk Preference parameters explained
consequentiality beliefs and risk 1 attitudes by LVs

attitudes based on survey responses :

R

3.1. A discrete choice component
Formally, the utility that individual i derives from choosing variant j in choice task t can be

expressed by

Ui = XiiBi + oGy + &5 (1)

ijt
where X represents the levels of non-monetary attributes associated with a project of renewable

energy development; c, denotes the level of the monetary attribute; g, and «, are individual-

ijt

specific parameters to be estimated that express the individual’s preferences towards the

8 The software codes for estimating the hybrid choice model were developed in Matlab and are available at
http://github.com/czaj/DCE under Creative Commons BY 4.0 license. The code and the data for estimating the models
presented in this paper, as well as supplementary results, are available from http://czaj.org/research/supplementary-materials.
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project’s characteristics; and the stochastic element ¢ captures factors unobserved by the
econometrician that influence the individual’s utility (choices in the survey). The expression on
the right-hand side of (1) corresponds to the random utility theory (McFadden 1974): the first
two elements depict a deterministic component of the individual’s utility that results from
observed characteristics of the project, while the last element includes unobserved

idiosyncrasies.

Three aspects of the utility specification in (1) are important to be emphasised. First, the
preference parameters p, and «, are individual-specific. This allows for capturing the
heterogeneity of respondents’ preferences towards the characteristics of the considered project,
and results in a mixed logit specification.® Instead of separately estimating the parameters for
each individual, we follow a common practice and assume that the parameters have specific
distributions: in our model, the non-monetary attributes are normally distributed and the

monetary attribute is log-normally distributed.

Second, the preference parameters are assumed to depend on the latent variables that
capture unobservable consequentiality beliefs (and, in the supplement model, unobservable risk

attitudes). We denote a vector of individual-specific latent variables by LV, . The relationship
between the non-monetary preference parameters and the latent variables can be illustrated by

B, = ALV, +B, )
where A isamatrix of coefficients to be estimated and g; has a multivariate normal distribution

with a vector of means and a covariance matrix to be estimated. Similarly, the relationship

between the parameter of the monetary attribute and the latent variables is of a form
o, = exp(‘r'LVi +ai*) ) (3)
where = is a vector of coefficients to be estimated and « is log-normally distributed with the

parameters describing its mean and its standard deviation to be estimated.

Third, the stochastic element ¢ in the utility function in (1) is of an unknown, possibly
heteroskedastic variance. Identification of the model typically relies on normalising this
variance (Daly et al. 2012), such that the stochastic element is independent and identically
distributed following the type | extreme value distribution with a constant variance equal to

7*/6. This generates convenient, closed-form formulas for choice probabilities. Because of the

9 Taking the same parameters for all respondents implies homogenous preferences and leads to a multinomial logit
specification.
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ordinal nature of utility, this normalisation does not change the properties of the utility function;
the function still represents the same preferences. The estimates of the model parameters, which
can now be seen as products of the preference parameters and a scaling coefficient, do not have

direct interpretation anyway.

3.2. Measurement equations

We define latent variables to capture respondents’ beliefs over policy and payment
consequentiality (and their risk attitudes). The mentioned beliefs (and risk attitudes) are
unobservable factors that may impinge on respondents’ preferences but cannot be measured in
a direct and objective way, like age or income. Instead, our survey included several indicator
questions to assess these factors; responses to the indicator questions could be expected to be
determined by the factors. Measurement equations model the measures of the beliefs (and of
the risk attitudes) as a function the latent variables. Formally, this relationship can be expressed

as

I, =T'LV, +7,, 4)
where 1, are indicator variables (the measures of the unobservable factors); T is a matrix of
coefficients to be estimated; and , is a vector of error terms assumed to follow a multivariate

normal distribution with zero means and an identity covariance matrix. To facilitate
interpretation, the means of latent variables are normalised to zero, and to assure identification,
their variance are normalised to one (cf. Daly et al. 2012; Raveau et al. 2012). As a result, all
latent variables have the same scale and, therefore, their relative importance (for instance, in
the measurement equations and in interactions with the preference parameters) can easily be

assessed.

Respondents’ beliefs over policy consequentiality and over payment consequentiality
were self-reported on five-point Likert scales. Risk attitudes were measured through the
numbers of safe or risky lotteries chosen. Therefore, we use different functional forms in the
measurement component of our hybrid choice model: stated consequentiality beliefs are
modelled using ordered probit, while choices expressing risk attitudes are modelled through
Poisson regressions. Note that the hybrid choice framework allows us to tailor the modelling
approach to the character of each explanatory variable, rather than treating them as arbitrarily
classified dummy-coded variables or continuous variables (Bahamonde-Birke and Ortuzar
2017).
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Additionally, in the preliminary analysis, we investigated the correct way how to treat the
do-not-know responses to either of the consequentiality questions (i) by including separate
latent variables modelled through binary probit regressions to capture indefinite beliefs over
policy and payment consequentiality and (ii) by using a multinomial logit (rather than ordered
logit) approach to model responses to the consequentiality questions.® As said by Manisera and
Zuccolotto (2014), a do-not-know answer “informs about a specific state of mind of the
respondent” and, thus, should be given appropriate attention. Using the ordered logit model, we
find that the do-not-know responses fit best when treated as the outermost level of the Likert
scale below the category “I definitely disagree”, rather than when included as the middle level
between the categories “I disagree” and “I agree”. Based on this finding, we follow the former
approach in the paper. The finding is interesting in itself, as it shows that respondents who
answered “I do not know” to any of the consequentiality questions are inherently different from
those who indicated any degree of agreement or disagreement with the statements about policy
or payment consequentiality. At the same time, it undermines common practices how do-not-
know observations are treated in empirical analyses; such observations are often excluded from
a sample or are assigned a mean value. Our result reveals that employing such approaches may

bias the results. This mirrors the findings of Schafer and Graham (2002).

4. Results

We apply the hybrid choice modelling approach, as outlined in Section 3, to address two
research questions raised in the Introduction: (i) whether unobservable beliefs over policy
consequentiality and over payment consequentiality affect preferences stated by respondents
differently and (ii) whether risk attitudes impinge on self-reported measures of consequentiality
beliefs and on stated preferences. The questions are tackled in Subsections 4.1 and 4.2,

respectively.

4.1. Impact of policy and payment consequentiality on stated preferences
Our baseline model includes two latent variables: a belief over policy consequentiality denoted

by LV,, (strength of the belief that the considered project will actually be conducted) and a

belief over payment consequentiality denoted by LV . (strength of the belief that the payment

pay

related to the project implementation will actually be collected). LV_, is measured through

pol

10 The results of the preliminary analysis are available as supplementary materials to our paper at
http://czaj.org/research/supplementary-materials.
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responses to the policy-consequentiality question in the survey, which we express in a five-

level, ordered variable pol. LV is assessed based on responses to the payment-

consequentiality question, which we capture in a five-level, ordered variable pay. The levels
of the variables pol and pay correspond to the possible answers to the consequentiality
questions; specifically, 1 denotes “I do not know”, 2 — “I definitely disagree”, 3 — “I disagree”,
4 —“Tagree” and 5 — “I definitely agree”. Hence, we can say that the low values of the variables
are associated with a lack of / weak consequentiality beliefs, while the high values are tied to
strong consequentiality beliefs. The response “I do not know” is coded as the lowest level for

both pol and pay variables as suggested by the results of our preliminary analysis, which we

discuss in the previous section.

Figure 3. Distribution of the responses to the policy- and payment-consequentiality questions
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Policy consequentiality (Pol)

We start by investigating the correlation between responses to the policy- and payment-
consequentiality questions; that is, the correlation between pol and pay. We present the
distribution of the answers to the questions in Figure 3. The size of a bubble represents the
number of respondents who chose a given set of answers to the consequentiality questions. The
big bubbles on the diagonal of the matrix in Figure 3, as compared with the remaining bubbles,

evidence that many respondents chose the same level of their strength of a consequentiality
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belief in both consequentiality questions. However, the mentioned difference in size between
the bubbles on the diagonal and the other bubbles is not large, suggesting that the responses to
the two consequentiality questions are not strongly correlated. Moreover, the distribution of the
bubbles in Figure 3 shows that nearly all possible combinations of answers to the two
consequentiality questions appear in the sample. This may also be an indication for that the
responses to the two questions about consequentiality beliefs are not substantially correlated.

The Pearson coefficient of correlation between the variables pol and pay is equal to 40.5%.

Thus, we conclude that the two variables are not strongly correlated; we use them both in the
further analysis as they do not contain the same information.

In Table 5, we present the estimation results of our baseline hybrid choice model. Results
from the discrete choice component of the model are shown in Part A of the table, and results
from the measurement component are included in Part B. Part C contains the model diagnostics.
When interpreting the results, we often refer to willingness to pay (WTP). The WTP value
expresses respondent’s preferences in monetary terms. For each of the non-monetary attributes
considered in the choice tasks, marginal WTP can be calculated as a ratio of the coefficient of

a given (non-monetary) attribute to a negative of the coefficient of a monetary attribute.!

Table 5. Results of the hybrid choice model depicting the impacts of policy and payment
consequentiality on stated preferences

Part A: Discrete choice component
Means Means
Means Standard interacted with | interacted with
deviations LV LV
pol pay
Coefficients
(Standard errors)
Wind 1.7498*** 2.0552%** 5.0508*** 2.3587***
(0.3532) (0.2082) (0.4714) (0.5512)
Biomass 0.7548** 1.7194%** 4.5136*** 2.0694***
(0.3559) (0.2318) (0.4569) (0.5152)
Solar 3.7629*** 2.2194%** 4.8275%** 2.6941***
(0.3438) (0.1940) (0.4814) (0.5325)
Distance (km) 0.3119*** 0.4390*** 0.1832** -0.0371
(0.0531) (0.0826) (0.0772) (0.0929)
Size -0.0288 0.0093 -0.2484*** 0.1727
(0.0699) (0.1869) (0.0924) (0.1120)

1 We note, however, that the stated way of calculating WTP is an algebraic operation on multivariate random variables, which
requires the means of the resulting distributions to be simulated. We do this through a two-step Krinsky and Robb simulation
procedure (Krinsky and Robb 1986), drawing coefficients from the vector of estimates and the asymptotic variance-covariance
matrix, and next drawing correlated random parameters from their respective distributions described by these coefficients. Each
step uses 10,000 iterations. This way we are able to reliably simulate the means, other moments and quantiles of WTP, as well
as the standard errors.



Zawojska, E. et al. / WORKING PAPERS 1/2018 (260) 19

Number 0.0071 0.0015 -0.0491 0.0624
(0.0379) (0.1473) (0.0539) (0.0651)
Protected area 0.7942*** 0.6437 -0.6654 0.8736*
(0.2979) (1.1308) (0.4387) (0.4843)
Lines: Underground 0.1636* 0.3278 0.2065* 0.1099
' (0.0882) (0.2538) (0.1231) (0.1480)

- Cost per month -1.7651*** 0.8601*** -0.5083*** 0.7913***
(EUR) (0.0872) (0.1782) (0.1524) (0.1723)

Part B: Measurement component

Measurement Equation 1 (ordered probit)

Dependent variable: pol

Coefficients
(Standard errors)

LV

pol

0.2534%**
(0.0545)

Cutoff 1

-1.6755%**
(0.0780)

Cutoff 2

-1.0413%*
(0.4382)

Cutoff 3

0.0571
(0.4464)

Cutoff 4

1.5936%**
(0.4776)

Measurement Equation 2 (ordered probit)

Dependent variable: pay

Coefficients
(Standard errors)

LV

pay

0.3198***
(0.0777)

Cutoff 1

11.7812%%*
(0.0885)

Cutoff 2

-1.0352*
(0.5378)

Cutoff 3

-0.0197
(0.5392)

Cutoff 4

1.2476%*
(0.5936)

Notes: ***, ** and * indicate 1%, 5% and 10% significance levels, respectively. Wind, Solar and Biomass denote
constants specific for each labelled variant. Distance is converted into kilometres. Size is treated as a continuous
variable with levels -1 for Small, 0 for Medium (the future status quo) and 1 for Large. The attribute Lines is coded

Part C: Model diagnostics

LL at convergence

-5,982.79

LL at constant(s) only

-8,259.09

McFadden's pseudo-R?

0.2756

Ben-Akiva-Lerman's pseudo-R?

0.4844

AIC/n

2.5104

BIC/n

2.5725

n (the number of observations)

4,803

r (the number of respondents) 801

k (the number of parameters) 46

as a binary variable, where 1 stays for Underground and O for Overhead. All preference parameters are modelled
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as random, normally distributed except for the cost parameter, which is assumed to follow a log-normal distribution
(the estimates of the underlying normal distribution are provided). We use a negative of Cost per month.

The means of the three variant-specific constants reported in Part A of Table 5 imply that,
on average, respondents prefer implementation of a new project of renewable energy
development to the future status quo. Each of these constants represents a change in utility
related to the project implementation assessed against the future status quo (when no project is
introduced), which is a reference level, omitted from the model. Respondents prefer most the
extension of the solar energy infrastructure, while biomass energy is of least interest to them
out of the three energy types considered. The further away from residential areas an energy site
is, the more it is preferred. Respondents are also willing to pay for protecting some areas from
renewable energy expansion and for transmitting energy through underground lines. Projects
that are more expensive reduce respondents’ utility. Significant standard deviations of the
attributes indicate unobserved heterogeneity of respondents’ preferences, which justifies the
use of a mixed logit specification.?

We now turn to the discussion of consequentiality perceptions. Measurement equations
show that the latent variables indeed capture intrinsic, unobservable beliefs over

consequentiality. High values of Lv_, are associated with strong stated beliefs over policy
consequentiality (as follows from Measurement Equation 1), and high values of v, are

related to strong stated beliefs over payment consequentiality (as implied by Measurement
Equation 2). The influence of the unobserved consequentiality beliefs on stated preferences is
revealed by interactions of the latent variables with the means of the preference parameters.
These results are reported in the last two columns in Part A of Table 5. Several differences

emerge in the effects of v, and Lv,,, on preferences revealed by respondents through their

answers in choice tasks.

The significant and positive coefficients of the interactions of Lv_, with Wind, Solar and

Biomass indicate that respondents with a strong belief over policy consequentiality have strong
preferences for the implementation of a renewable energy project. A similar effect is observed

for those with a strong belief over payment consequentiality. However, we note that the effect

12 \We note that because the means of the latent variables are normalised to 0, the main effects (the means in Part A of Table 5)
can be readily interpreted as means for the interviewed population, without the necessity to take into account the interactions
from the last two columns of Part A.
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for the payment-consequential respondents is considerably weaker than for the policy-

consequential respondents.*3

The most important difference between the impacts of Lv_, and v, lays in their

influence on the coefficient of the Cost attribute. Because Cost is assumed to be log-normally
distributed, the actual effect of this attribute is calculated as a value of a natural exponential

function. For respondents with high implied values of Lv , that is, for respondents with strong

beliefs over policy consequentiality, a natural exponent of the Cost coefficient becomes smaller.
This means that the sensitivity to cost (marginal utility of money) decreases in the strength of
the policy-consequentiality belief. This, in turn, implies that WTP increases in the strength of
the policy-consequentiality belief. In contrast, for respondents with strong beliefs over payment

consequentiality (high implies values of Lv_, ), a natural exponent of the Cost coefficient

increases. This means that they are characterised by increased sensitivity to cost. As a result,

WTP decreases in the strength of the payment-consequentiality belief.

The interactions of Lv_, and v, with the remaining attributes reveal that: (i) in

comparison with respondents weakly believing in policy consequentiality, those strongly
believing are willing to pay more for locating renewable energy sites farther from residential
areas, for smaller projects and for underground transmission lines; (ii) respondents strongly
believing in payment consequentiality are willing to pay more for having larger areas protected

from renewable energy expansion than those weakly believing in payment consequentiality.

In order to facilitate the interpretation of the effects of policy and payment
consequentiality for WTP, we simulate the WTP of respondents whose beliefs over

consequentiality vary. Note that the effect of consequentiality perceptions for WTP is not

13 Normalisation of each latent variable to a zero mean and a unit standard deviation allows for direct comparisons of the
relative effects of different latent beliefs on stated preferences.
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straightforward. For example, as in the case of Lv_, , when the coefficients of interactions of

the latent variable with both the variant-specific constants and the cost are positive, it is not

obvious whether the WTP for the labelled variants increases or decreases as the strength of the

latent perception changes. The simulation results help identify the effects of the latent variables

on WTP. The results are displayed in Figure 4. We consider respondents with such implied

values of consequentiality beliefs which fall into the interval from the bottom 10% level to the

top 10% level, as observed in our sample. Large WTP changes and narrow confidence intervals

indicate substantial effects of policy and payment consequentiality.

Figure 4. Marginal WTP (EUR) of respondents with varying strength of the latent beliefs over
policy and payment consequentiality
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The results in Figure 4 show that, in general, WTP significantly changes in beliefs over
policy consequentiality. Increasing the strength of the policy-consequentiality belief is
associated with increasing WTP for all labelled projects of renewable energy development,
Distance and Underground Lines. The changes in WTP across varying strength of the policy-
consequentiality belief are also statistically significant for the attribute Size: WTP for this
attribute decreases in the strength of the belief. The effect of the payment-consequentiality
belief, while significant for preferences for the project variants and cost sensitivity as concluded
from the results in Part A of Table 5, does not appear to be significant for WTP. This is because
the enhanced preferences for the non-monetary attributes are balanced by the increased
sensitivity to cost. Hence, WTP appears not to change significantly across varying levels of the
payment-consequentiality belief.

Figure 4 also evidences another difference in the impacts of the latent consequentiality
beliefs on WTP. For all attributes, when the perceived policy consequentiality is very weak,
WTP is close to zero. When the policy consequentiality diverges from the low levels, WTP
changes substantially, becoming, in most cases, significantly different from zero. This implies
that respondents believing in policy consequentiality reveal some (positive or negative) WTP

for the considered project, in contrast to those not believing in policy consequentiality, whose
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WTP does not differ significantly from zero for the majority of the attributes. The observed
effect of the payment consequentiality is opposite. Respondents who do not believe in payment
consequentiality seem often to declare some (positive or negative) WTP in the survey, while
the stronger the payment-consequentiality belief gets, the closer the WTP converges to zero. In
brief, policy consequentiality appears to encourage respondents to state some (positive or
negative) WTP for the considered project, and payment consequentiality appears to lead to

declaring zero WTP values.

4.2. Impact of risk attitude on stated preferences

Our supplement model, presented in this subsection, is used to examine whether respondents’
attitudes towards risk affect their self-reported measures of consequentiality beliefs and stated
preferences. We augment the baseline model from Subsection 4.1 with the third latent variable,

LV... , Which captures unobservable risk attitudes. The risk attitudes were elicited in the survey

risk !
on the basis of the approach of Tanaka et al. (2010), as described in detail in Subsection 2.3.
From their technique, we use here the number of choices of a safe lottery A in each of the two

series of 14 lotteries (see Table 3 for details) as a measure of the latent variable Lv_ . We

risk *
denote the numbers of safe lottery choices in Series 1 and Series 2 as variables risk_1 and
risk _ 2, respectively. To account for the count data character of the variables risk_1 and risk _2

in the measurement equations, we adopt a Poisson regression approach.

Estimation results are presented in Table 6. Lv,, enters the discrete choice component

of the model through interactions with the preference parameters. At the same time, it is

informed through Measurement Equations 3 and 4 by explaining the variables risk_1 and
risk_2. LV, Is also incorporated in Measurement Equations 1 and 2 to verify its impact on
self-reported measures of consequentiality. This way, Lv_, and Lv,, can be interpreted as

beliefs over consequentiality net of risk attitudes (which are separately controlled for by

including Lv,, in the measurement equations).
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Table 6. Results of the hybrid choice model depicting the impact of risk attitudes on stated
preferences
Part A: Discrete choice component
Means Means Means
Means Standard interacted | interacted | interacted
deviations with Lv,, with L., with LV,
Coefficients
Standard errors
Wind 1.9734%** 2.2338*** 4.9410*** 2.5111*** -0.1828
(0.3420) (0.2093) (0.4525) (0.4137) (0.2597)
Biomass 0.9342*** 1.8014*** 4.4271%** 2.3155*** -0.3089
(0.3532) (0.2445) (0.4594) (0.4193) (0.2455)
Solar 3.9503*** 2.1607*** 4.8556*** 2.7595*** 0.0551
(0.3452) (0.2007) (0.5056) (0.6334) (0.2730)
. 0.3259*** 0.4720*** 0.1905** -0.0846 0.0248
Distance (km) (0.0531) (0.0814) (0.0787) (0.0920) (0.0508)
Size -0.0544 0.0138 -0.2771*** 0.2392** -0.0317
(0.0691) (0.1701) (0.0940) (0.1042) (0.0618)
Number 0.0069 0.0325 -0.0771 0.0833 -0.0143
(0.0378) (0.1386) (0.0548) (0.0641) (0.0368)
Protected area 0.7747*** 0.1142 -0.8191* 1.0592** 0.4450
(0.2916) (1.0140) (0.4604) (0.4863) (0.2739)
. 0.1495* 0.3579* 0.2332* 0.0939 -0.0413
Lines: Underground | ng3q) (0.2035) (0.1285) (0.1578) (0.0794)
- Cost per month | -1.7640*** 1.1223*** -0.3345** 0.4476*** 0.2143***
(EUR) (0.0864) (0.0869) (0.1412) (0.0889) (0.0686)
Part B: Measurement component
Measurement Equation 1 (ordered probit)
Dependent variable: pol
Coefficients
(Standard errors)
Ly 0.2309***
(0.0578)
-0.0122
LV,
rik (0.0414)
-1.6728***
Cutoff 1 (0.0780)
-1.0416*
Cutoff 2 (0.5764)
0.0523
Cutoff 3 (0.5881)
1.5807***
Cutoff 4 (0.5976)
Measurement Equation 2 (ordered probit)
Dependent variable: pay
Coefficients
(Standard errors)
LV 0.3933***
” (0.1085)
0.0305
LV,
ik (0.0429)
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-1.8287***
(0.1050)
-1.0626***
(0.2077)
-0.0234
(0.3190)
1.2737***
(0.3742)
Measurement Equation 3 (Poisson regression)
Dependent variable: risk 1

Coefficients
(Standard errors)
1.5706***
(0.0411)
0.8771***
Wi (0.0376)
Measurement Equation 4 (Poisson regression)
Dependent variable: risk 2

Coefficients
(Standard errors)
0.5806***

(0.0803)
1.6816***
LV,
e (0.0762)

Part C: Model diagnostics

LL at convergence -10,794.63
LL at constant(s) only -15,465.57
McFadden's pseudo-R?2 0.3020
Ben-Akiva-Lerman's pseudo-R? | 0.4842
AIC/n 4.5204
BIC/n 4.6026

n (the number of observations) 4,803

r (the number of respondents) 801

k (the number of parameters) 61

Cutoff 1

Cutoff 2

Cutoff 3

Cutoff 4

Constant

Constant

Note: The same notes apply as to Table 5.

Including Lv,, in the model does not change our earlier conclusions, which we take as

evidence of their robustness. Measurement Equations 3 and 4 show that Lv. correlates

risk
positively with the number of safe lotteries chosen in Series 1 and 2, respectively. Hence, high

values of Lv_ express high risk aversion (and vice versa). From Measurement Equations 1

risk
and 2, it follows that respondents’ risk attitudes are generally not significant in explaining the
self-reported measures of consequentiality beliefs: the perceptions about consequentiality
appear not to be related to preferences towards risk. We, therefore, do not find support to the
hypothesis following from the theoretical model of Mitani and Flores (2014). At the same time,

our result are in line with their empirical findings. In an induced-value experiment, they observe
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that the impacts of perceptions about policy and payment consequentiality on stated preferences

do not differ in risk attitudes.

Regarding the influence of risk attitudes on stated preferences, the discrete choice
component reveals that risk attitudes affect statistically significantly only marginal utility
associated with the monetary attribute (Cost). Strong aversion to risk is related to high
sensitivity to cost and, hence, to low WTP values. This evidence adds to the scant literature in
the field of environmental economics on the impact of risk attitudes on WTP (e.g., Faccioli et
al. 2017). A similar relationship between risk attitudes and WTP to the one observed in our
analysis has been found in previous studies. For example, Bartczak et al. (2015) report that
respondents’ risk attitudes are significantly related to choosing the status quo variant associated
with zero cost, and Erdem et al. (2010) observe that strong risk aversion translates into low
WTP.

5. Discussion and conclusions

We investigate the role of respondents’ beliefs over a consequential character of a survey for
their stated preferences. Specifically, we adopt the hybrid choice modelling framework as
proposed by Czajkowski et al. (2017) to use respondents’ statements about their perceptions
about the survey policy and payment consequentiality as measures of their latent beliefs over
these consequentiality aspects; and we analyse how the latent beliefs correlate with
respondents’ stated preferences. We find distinctive effects of policy and payment
consequentiality. While both beliefs enhance respondents’ preferences for implementing a
renewable energy project (rather than sticking with the status quo), the effect of the latent belief
over policy consequentiality is stronger. The latent consequentiality beliefs also appear to be
significantly correlated with respondents’ marginal utility of money but in opposite directions.
Policy consequentiality lowers sensitivity to cost, increasing at the same time respondents’
willingness to pay, while payment consequentiality enhances sensitivity to cost, reducing

respondents’ willingness to pay.

The observation that the latent beliefs over policy and payment consequentiality have
different effects on respondents’ stated preferences suggests that, while empirical studies
should generally aim at designing the surveys so that they are consequential (Johnston et al.
2017), consequentiality is more complex than usually thought. Our study shows that policy and
payment consequentiality can and should be measured separately. Both aspects of

consequentiality may play an important role for truthful disclosure of preferences by
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respondents. Also, the beliefs over policy and payment consequentiality are likely to be
influenced using different scripts. Disaggregating policy and payment consequentiality can
possibly explain some of the mixed evidence in the literature on the effect of consequentiality
on stated preferences. As discussed in more detail the Introduction, consequentiality is observed
to increase respondents’ interest in the project under consideration (e.g., Herriges et al. 2010;
Vossler and Watson, 2013), to reduce this interest (e.g., Vossler et al. 2012), or not to affect
this interest at all (e.g., Broadbent 2012; Oehlmann and Meyerhoff 2017).

In our study, we also inquire whether respondents’ beliefs over policy and payment
consequentiality are linked to their risk attitudes. We find no evident connection: respondents’
latent risk attitudes are not significant explanatory variables of their perceptions about
consequentiality. At the same time, in line with existing empirical evidence, risk attitudes are
observed to significantly influence respondents’ marginal utility from money, which leads to
the result that strong risk aversion lowers willingness to pay for the considered project of
expanding renewable energy infrastructure. Overall, our results do not support the hypothesis
of Mitani and Flores (2014) derived from their theoretical model, which links the relationship
between beliefs over policy and payment consequentiality with respondents’ risk attitudes and

stated preferences.

Several limitations of our study need to be acknowledged. First, the hybrid choice
framework is able to identify latent constructs and describe their correlations with measurement
variables and stated preferences. These latent constructs, however, need to be interpreted by a
researcher. It is not unusual for latent variables to, for example, significantly explain stated
preferences but not to be significantly linked with any of the measurement variables in the
measurement equations. In such a case, the latent variables uncover additional preference
heterogeneity structures, which are not necessarily related to what they are intended to capture.
In our models, all latent variables are significantly correlated with the respective measurement
variables, giving support to our interpretation, but the usual reservations towards the
interpretation of latent variables apply. Second, the links between latent variables, stated
preferences and attitudes or perceptions are correlations and, thus, caution should be exercised
when inferring about causality. Because of the indefinite causality, other interpretations are
possible, including external drivers of the effects reported. For example, respondents who have
a more agreeable nature may be more likely to choose other variants than the status quo and, at
the same time, they may be more likely to agree that the survey is consequential (Boyce et al.

2017). A carefully designed experimental study exogenously varying policy and payment
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consequentiality levels could possibly shed more light on the causational relationship between
influencing respondents’ beliefs and the effects for their preferences. Third, while respondents’
risk attitudes were assessed with two measurement questions, the each of the consequentiality
beliefs was measured on the basis of a single Likert-scale question. Although using a single
question to elicit consequentiality perceptions is a common practice in stated preference studies,
it remains unknown if the unobservable beliefs can be captured well through the single question.
We acknowledge that the usual practice in other fields (e.g., psychometrics) is to use multiple
measurement questions. In addition, future studies could use both direct (stated) and indirect
measures of respondents’ latent consequentiality perceptions, utilising such information as
whether the respondents currently pay any taxes, intend to retire etc. Finally, we note that the
econometric framework employed here is potentially sensitive to endogeneity problems (for
example, in the case when stated beliefs are correlated with other unobserved factors that
influence respondents’ choices; Budzinski and Czajkowski 2017), and that the specification
used does not allow for correlation of the latent variables. Addressing these shortcomings
requires modifying the model specification and assuring the model is identified, which, we
believe, would be a valuable addition. Investigating further the correlation of the latent beliefs

over policy and payment consequentiality seems especially interesting.

In summary, our study evidences the importance of separately addressing policy and
payment consequentiality in stated preference surveys. We find that these two characteristics
can be independently measured and influence respondents’ choices in different ways. In
addition, we investigate the link between respondents’ risk attitudes and the latent
consequentiality beliefs, and we observe that, at least in the case of our research, the two
concepts are largely unrelated. Overall, our study provides new evidence for the role of survey
consequentiality, as a necessary condition for incentive compatibility and truthful revelation of

preferences.
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