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Effects of alternative elicitation formats in
discrete choice experiments*

Gabriela Scheufele and Jeff Bennett†

An elicitation format prevalently applied in discrete choice experiments (DCE) is
to offer each respondent a sequence of choice tasks containing more than two
choice options. However, empirical evidence indicates that repeated choice tasks
influence choice outcomes through order effects. The study reported in this article
employs a split sample approach based on field surveys to expand the research on
effects of repeated-binary DCE elicitation formats. A single-binary elicitation for-
mat is used as the baseline. Our results indicate that choice outcomes may vary
across the single-binary and repeated-binary elicitation formats. The choice
between the two elicitation formats may imply a trade-off between decreased
choice precision in the single-binary and order effects that may be explained by
strategic misrepresentation of preferences, cost uncertainty effects and reference
effects in the repeated-binary elicitation format.

Key words: discrete choice experiments, elicitation format, incentive compatibility, order
effects.

1. Introduction

Discrete choice experiments (DCE) are increasingly being used to estimate
nonmarket values as inputs in cost–benefit analysis to ensure improved effi-
ciency in resource allocation (Bennett and Blamey 2001; Bateman et al.
2006). DCE involve respondents making trade-offs between attributes that
describe nonmarket goods and services. A variety of attribute levels are bun-
dled in choice options and offered to respondents in choice sets. Choice sets
are thus distinguished by differing choice options. The number of choice
options and choice sets varies widely across studies (e.g. Hensher and Rose
2007; Horne 2008; Kontoleon and Yabe 2008). An elicitation format preva-
lently applied in DCE is to offer each respondent a sequence of choice tasks
containing more than two choice options rather than limiting choice to a

* Funding for the research presented in this article was provided by the Australian Depart-
ment of Sustainability, Environment, Water, Population and Communities under the Com-
monwealth Environment Research Facility.
† Gabriela Scheufele, Jeff Bennett (email: gabriela.scheufele@anu.edu.au) are at Crawford

School of Public Policy, The Australian National University, Canberra, ACT, Australia.

� 2013 The Authors
AJARE � 2013 Australian Agricultural and Resource Economics Society Inc. and Wiley Publishing Asia Pty Ltd
doi: 10.1111/j.1467-8489.2012.00612.x

The Australian Journal of Agricultural and Resource Economics, 57, pp. 214–233

The Australian Journal of

Journal of the Australian
Agricultural and Resource
Economics Society



single-binary choice set.1 However, empirical evidence suggests that repeated
choice tasks may influence choice outcomes through order effects (e.g. Morri-
son 2000; Carlsson and Martinsson 2001; Swait and Adamowicz 2001;
McNair et al. 2011; Day et al. 2012). The main objective of the study pre-
sented in this article is to expand the research on order effects through an
examination of effects of alternative DCE elicitation formats focusing on
effects of repeated-binary formats. We employ a split sample approach based
on field surveys to compare the effects of using repeated-binary with single-
binary elicitation formats. Specifically, the following research questions are
explored:

1. Does the elicitation format (repeated-binary versus single-binary) affect
choice outcomes?

2. Does in advance awareness of having repeated choices influence choice
outcomes?

We hypothesise that choice outcomes differ across the two alternative elici-
tation formats and that these differences may be caused by order effects.
The choice between the two alternative elicitation formats may thus imply

a trade-off between decreased choice precision in the single-binary and
increased strategic misrepresentation of preferences, cost uncertainty effects
and reference effects in the repeated-binary elicitation format.
The next section reviews the literature on effects associated with alternative

choice formats of DCE and derives the hypotheses. This is followed by an
outline of the survey logistics, empirical application, research design, experi-
mental design, econometric model and hypotheses testing. The subsequent
section is used to present the results. In the last section, the results are dis-
cussed and conclusions drawn.

2. Literature review

The repeated choice format is the commonly used style of elicitation used in
DCE. Under this format, respondents face a sequence of choice tasks.
Repeated choice formats increase the statistical efficiency of the data for a
given number of respondents. However, an increasing number of empirical
studies suggest that repeated choice formats may induce order effects (e.g.
Morrison 2000; Carlsson and Martinsson 2001; Swait and Adamowicz 2001;
Holmes and Boyle 2005; McNair et al. 2011; Day et al. 2012). Day et al.
(2012) provide a comprehensive discussion of order effects. They define order
effects as ‘[ ]; a term that embraces a variety of phenomena in which system-

1 A single-binary elicitation format asks respondents to choose between two choice options
once. A single–multiple elicitation format requires respondents to make one choice between
more than two choice options presented in one single choice set. A repeated-binary elicitation
format asks respondents to make repeated trade-offs between two choice options. A repeated-
multiple elicitation format offers respondents repeated choices between more than two choice
options presented in a sequence of choice sets.
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atic changes in expressed preferences are observed along a sequence of valua-
tion tasks’ (Day et al. 2012, p. 73). They differentiate between position-depen-
dent order effects (effects relating to the position in the sequence of choice
tasks) and precedent-dependent order effects (effects relating to the nature of
options in previous choice tasks). Moreover, they discuss a range of theories
that may explain precedent-dependent order effects (strategic misrepresenta-
tion of preferences, anchoring effects and reference effects) and position-depen-
dent order effects (institutional learning, fatigue effects, failing credibility, cost
uncertainty effects and preference learning) in repeated choice formats.
The efficiency of policy decisions concerning public good resource alloca-

tion depends on information based on individuals truthfully disclosing their
privately known preferences. However, revealing true preferences in a DCE
might not be an individual’s optimal strategy for a given social choice func-
tion (Mas-Colell et al. 1995) and may result in strategic misrepresentation
of preferences. The analysis of demand revealing mechanisms is the province
of mechanism design theory (Hurwicz 1960). A mechanism is defined as
incentive compatible if revealing private information truthfully is the domi-
nant strategy for all participants.2 The theorems of Gibbard (1973) and
Satterthwaite (1975) provide a theoretical foundation to analyse the incentive-
compatibility properties of mechanisms used in DCE. Both theorems show
that all nondictatorial mechanisms other than the single-binary choice format
are generically incentive incompatible.3,4,5 That is, choice formats that ask
respondents to choose between more than two options per choice task and/or
to respond to a sequence of choice tasks are not incentive compatible.
In laboratory choice experiments, provision rules that are based on a ran-

domly drawn choice question to be binding may introduce incentive-compati-
bility properties in a ‘multiple-binary’ elicitation format, that is, it increases
the probability that respondents reveal their true preferences (see, e.g. Collins
and Vossler 2009). Using random draws as a base for policy decisions

2 A binding referendum between two contestants in an election is an example for an incen-
tive-compatible mechanism. Carson et al. (1997) suggested that using an advisory referendum
instead of a binding referendum maintains the incentive-compatibility properties of the mecha-
nism. Green and Laffont (1978) showed that this is true not only for population-based, but also
for sample-based referenda. These two findings are critical for choice experiments. Choice
experiments are mostly based on sample data and, in cases eliciting preferences for public
goods, often simulate an advisory referendum.

3 Respondents choose between a zero cost choice option (often the status quo) and one or
more choice options with positive cost where the goods and services are assumed to be posi-
tively valued. This article excludes cases where choice options are associated with disutility or
where none is the status quo.

4 A DCE with a binary elicitation format differs from a contingent valuation (CV) study in
that in the former all attribute levels vary across choice sets whereas in the latter variation is
limited to the cost variable.

5 If the provision rule does not require only one option to be selected and a multiple option
provision rule can be applied, potential incentive compatibility can be achieved (see Maskin
1977; Muller and Satterthwaite 1985). However, policy decisions about the provision of public
goods often require the choice of a single option from a number of mutually exclusive alterna-
tives.
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concerned with public goods, however, may reduce their credibility (Carson
and Groves 2007).
Choice dependency across respondents is one effect of repeated-binary elic-

itation formats. The literature on incentive compatibility proposes that
respondents who are presented with repeated-binary choice tasks condition
their preferences on expectations about the choices of other survey partici-
pants (see, e.g. Carson and Groves 2007). Accordingly, some respondents
may choose a less-preferred option across choice sets if they believe that their
most preferred option has little chance of being selected for policy implemen-
tation.6 Repeated-binary elicitation formats with a plurality vote implemen-
tation additionally imply that respondents may exploit strategic
opportunities by including information about previous choice sets and choice
decisions into subsequent choices (see, for instance, Carson and Groves
2007). As a result, some respondents may choose a less-preferred option in
one or more binary choice questions. Evidence of such an effect in repeated-
binary DCE is presented, for instance, by Holmes and Boyle (2005). Carson
and Groves (2007) suggest that previous and successive choice sets may con-
tain alternative prices for the same or similar level of provision of a particular
good or, vice versa, the same or similar cost for alternative levels of provision
of a particular good. As argued by Carson and Groves (2007), this may trig-
ger respondents to learn to take advantage of this ‘inconsistent’ pricing by
rejecting a preferred choice option when the same or a similar level of provi-
sion was offered in a previous or successive choice question at a lower cost.
Hence, repeated choice may cause respondents to become aware of and use
strategic opportunities to misrepresent their preferences. Alternatively, as fur-
ther suggested by Carson and Groves (2007), respondents may react to
‘inconsistent’ pricing by questioning either survey credibility or cost cer-
tainty.7 As argued by Day et al. (2012), failing credibility may result in
respondents increasingly favouring the status-quo choice option and/or
increasing randomness of choice, whereas cost uncertainty effects may lead to
a decreasing marginal willingness to pay (WTP) along the sequence of choice
tasks.
Carson and Groves (2007) add to the discussion about incentive-compati-

ble elicitation formats by arguing that for respondents to disclose private
information truthfully, a consequential survey format is required. Conse-
quentiality means that the commodity has to be of relevance to the respon-

6 This also holds for a single–multiple elicitation format where respondents are offered one
single choice set containing three or more choice options. If a plurality vote is used, such an
elicitation format becomes a single-binary elicitation format with the two remaining choice
options being those that the respondent perceives to be the options most preferred by other
respondents. However, as argued by Moulin (1994), if these perceptions about other respon-
dents’ preferences are the same across all respondents, a single–multiple elicitation format may
be potentially incentive compatible.

7 As pointed out by an anonymous referee, the effects of non-credible designs and inconsis-
tent pricing can be addressed by design constraints, though at an efficiency cost.
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dent, and respondents have to believe that their choices have an impact on
the outcome. If this is not the case, respondents may regard choice options as
equally nonbeneficial and may or may not disclose their true preferences.
Carson and Groves (2007) additionally suggest associated factors that may
affect respondents’ choices, including the properties of the payment vehicle,
plausibility of the choice questions, credibility of the policy scenario and com-
prehensibility of the choice tasks. Surveys lacking a payment vehicle that
respondents perceive as coercive induce free-riding behaviour. Implausible
choice tasks may result in the respondent inferring a different choice set to
that which is presented in the questionnaire. If respondents are presented with
a noncredible policy scenario, they may be unsure whether presented options
will be deliverable. If that is the case, respondents may include their perceived
probability of provision into their choice rule. Once again, respondents may
answer a question they think has been asked instead of the one the researcher
intended to have answered (Carson and Groves 2007).
Braga and Starmer (2005) proposed a process whereby respondents

become more and more acquainted with the choice context, the offered good
and the choice task as they progress through the sequence of choice questions
(institutional learning). Typically, institutional learning is assumed to affect the
precision of responses in representing preferences as reflected by the scale
parameter8 rather than changing preferences. As respondents progress
through the choice questions, their responses are hypothesised to become
more precise in expressing their preferences (increase in the scale parameter)
until fatigue sets in and precision declines (decrease in the scale parameter).
Swait and Adamowicz (2001) discuss this as ‘smaller noise to signal ratio’ and
‘larger noise to signal ratio’, respectively. That is, institutional learning and
fatigue effects may be indicated by decreasing/increasing randomness of
choice, respectively (Day et al. 2012).
Plott (1996) proposed that respondents may ‘discover’ their true underlying

preferences through a learning process rather than possessing stable prefer-
ences (preference learning). Such learning processes are expected to change
preferences and thus parameter estimates in DCE. As suggested by Day et al.
(2012), preference learning may manifest itself in changes in preferences for
noncost attributes and decreasing randomness in choice. A range of studies
has explored learning effects in stated preference elicitation (e.g. Morrison
2000; Carlsson and Martinsson 2001).
Anchoring effects and reference effects are alternative theories that may

explain order effects in repeated choice formats (Day et al. 2012). If respon-
dents have ill-formed and malleable preferences (Ready et al. 1995; Kooten
et al. 2001), they may think that the first choice task provides cues on which
they may anchor their preferences (Ariely et al. 2003, 2006). Effects associ-
ated with such choice behaviour are anchoring effects. The theory behind

8 The scale parameter is inversely related to the variance of the error distribution (Swait and
Louviere 1993).
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reference effects is based on Wicksteed (1910) who suggested that consumer
choice is influenced by consumers’ judgments of what are ‘good deals’ and
‘bad deals’. Respondents in a DCE may form preferences based on previous
choice tasks. That is, respondents’ choices in subsequent choice tasks may be
influenced by references to previous choice tasks.
The evidence for order effects induced by repeated choice formats has been

growing. Day et al. (2012) investigate position-dependent and precedent-
dependent order effects of repeated-binary choice formats. They find robust
evidence for both types of ordering effects. Moreover, they analyse whether
advanced disclosure (in contrast to stepwise disclosure) of choice tasks influ-
ences the probability of order effects. They find precedent-dependent order
effects in both the advanced and the stepwise disclosure treatments, but posi-
tion-dependent order effects are observed primarily in the latter.
The research of McNair et al. (2011) suggests that repeated-binary choice

decreases estimates of expected WTP compared with a single-binary choice
format. Furthermore, they find that even though preferences stated in the first
choice task of a repeated-binary choice format are not significantly different
from a single-binary choice format, subsequent choices may be influenced by
cost levels observed in previous choice tasks. This effect may be explained by
the ordering of alternative cost levels offered across a sequence of four choice
questions. They further discuss three possible behavioural explanations for
these effects: strategic misrepresentation of preferences, reference point revi-
sion and cost-driven value learning.
Racevskis and Lupi (2008) used a split-sample design to explore the effect of

a single-binary versus a repeated-binary elicitation format. They pooled the
data from the two elicitation formats in two different ways and found a signifi-
cant difference between the two models. The first model included generic attri-
butes (a restricted model assuming that the attribute parameter estimates are
equal across the two sample splits), whereas the second model included sample
split–specific attributes (an unrestricted model assuming that the attribute
parameter estimates are not equal across the two sample splits). Their study
was focused on a comparison of the model fit between the two sample splits
and did not explore differences in attribute or scale parameter estimates.
The study presented in this article complements the existing research of

order effects induced by repeated-binary DCE formats.
The fist research question ‘Does the elicitation format (repeated-binary ver-

sus single-binary) affect choice outcomes?’ is tested using the following
hypothesis:

H1
0: Choice outcomes obtained by a single-binary elicitation format are the

same as those obtained by a repeated-binary elicitation format that con-
tains four choice sets.

The second research question ‘Does in advance awareness of having
repeated choices influence choice outcomes?’ is tested using the following
hypothesis:
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H2
0: Choice outcomes obtained by a single-binary elicitation format are the

same as those obtained by the first choice question of repeated-binary
elicitation formats that contain four choice sets.

In contrast to Day et al. (2012) who investigate order effects using
repeated-binary elicitation formats only, we employ a split-sample approach
comparing a single-binary with repeated-binary DCE.
Furthermore, we are unaware of any work other than the research of Race-

vskis and Lupi (2008) and McNair et al. (2011) that has tested order effects
focused on the incentive-compatibility properties of elicitation formats in
DCE using field data and a split-sample approach with a single-binary elicita-
tion format as a baseline. We expand the approach of Racevskis and Lupi
(2008) by exploring additional outcome dimensions, testing for choice set
awareness and adjusting the number of observations in the choice experiment
with a single-binary elicitation format to reduce potentially confounding
influences of varying sample sizes. While McNair et al. (2011) focuses on a
public good with private elements, we investigate a pure public good context.
As the incentive properties of elicitation formats related to public and private
goods are not the same,9 we contribute to the literature by analysing the
effects of alternative elicitation formats used in DCE that are focused on pure
public goods. Finally, this study uniquely includes follow-up questions to
examine whether the potentially incentive-compatible baseline, the single-
binary elicitation format, has been affected by limited consequentiality of the
survey format, the plausibility of the choice questions, the credibility of the
policy scenario and the comprehensibility of the choice task.

3. Empirical application

The hypotheses are tested using data from a DCE concerned with estimating
the preservation values of a natural area, using Nadgee Nature Reserve as the
context. The reserve was described to respondents as a natural area of land
using the features of Nadgee Nature Reserve, even though its identity was
not revealed.10 The identity was not revealed because the scenario depicted in
the questionnaire was incompatible with the actual setting. Respondents were
told that the area of land is a pristine wilderness located on the South Coast
of New South Wales, which covers an area of 17,116 ha. A random sample
was drawn from an internet panel of the Sydney population.11 The overall
response rate was 34 per cent. Nonresponse was defined as ‘invited but not
participated’ (55 per cent), ‘participated but below five minutes completion

9 For a discussion see, for example, Carson and Groves (2007).
10 This may have increased the hypothetical nature of the questionnaire and thus may have

affected the results.
11 Quotas with respect to age and gender based on ABS statistics were used to select the

samples. Difficulties in achieving the quota levels in the samples of low and high age groups
resulted in some statistically significant differences across all sample splits in some sociodemo-
graphic variables. This may have influenced the results.
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time’ (2 per cent) and ‘participated but dropped out before completion’ (9 per
cent). The survey material was developed using expert opinion, focus groups
and a pilot survey (sample size: 150 respondents). In the survey, respondents
were told that funds had to be raised through additional government taxes
and charges to enable the government to purchase the land and thus conserve
the area; otherwise, development would be allowed. A plurality vote was used
as the provision rule: ‘The management option that receives the greatest sup-
port would be implemented and everyone would have to make the payment
associated with that management option.’ Respondents were not allowed to
go back to a previous choice question. The programming of the online survey
prevented respondents from revising their choices. The management options
offered in the DCE were described by three attributes with five, four and two
levels, respectively (see Table 1). The survey included questions designed to
check the consequentiality, plausibility, credibility and understandability of
the survey material (Table 2).12

Split-sample treatments were used. The splits only differed in the number
of choice sets per respondent, the choice set order and the wording of some
explanations and instructions so necessitated. It is assumed that this change
of wording of the choice questions across the sample splits13 did not cause
any statistically significant difference in the choice outcomes. The results are
conditional on this maintained assumption.
All sample splits used the same experimental design with a total of 16

choice sets each containing two choice options: One invariant zero cost choice

Table 1 Attributes and attribute levels

Attribute Attribute level Coding

Cost $0
$50
$100
$200
$300

Numerical

Area of land
Described as the percentage (hectares)
of area of land that remains in its current
undeveloped condition.

30% (4,200 ha)
50% (7,000 ha)
70% (9,800 ha)
100% (14,000 ha)

Numerical

Access for minimum impact recreationa

Described as whether or not people are
allowed to use the undeveloped parts of
the area of land for minimum impact
recreation opportunities.

Yes
No

1
)1

Notes: aThe ‘access’ variable has been effects-coded to avoid confounding the base level of the attribute
with the constant term.

12 Details are provided in the results section.
13 ‘In the next question we want you to make a choice [ ].’/‘In the next four questions we

want you to make some choices [ ].’; ‘When making your choice [ ].’/‘When making your
choices [ ].’
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option that was available in each choice set (do-nothing option) and one
nonzero cost choice option that varied across choice sets (change option).
Figure 1 provides a choice set example.14

For the single-binary elicitation format sample split (SB), respondents were
randomly assigned to one of the 16 choice sets by dividing the experimental
design into 16 blocks each containing one choice set. That is, each respondent
was asked to answer one choice question only. For the repeated-binary elici-
tation format sample split (RB), respondents were randomly assigned to four
of the same 16 choice sets by dividing the experimental design into four
blocks of four choice questions. That is, each respondent received four choice
questions. The order of the choice sets in each block was rotated four times to
account for the potentially confounding influences of differences in choice set
order when comparing SB and RB sample splits.15 This rotation resulted in
four RBx sample splits each containing four blocks (16 choice sets) but in a
different order (RB1, RB2, RB3, RB4). Respondents in both the SB and the
RBx sample splits were told in advance how many choice questions they
would receive and received information on the attribute types. Information
on attribute levels was not provided in advance.
A sixth sample split (FirstRB) was created by pooling the first choice

question of RB1, RB2, RB3 and RB4. The choice set rotation described

Table 2 Consequentiality, plausibility, credibility and comprehensibility of DCE surveya

SD (%) D (%) N (%) A (%) SA (%) SD (%) D (%) N (%) A (%) SA (%)

‘I am interested in the future manage-
ment of the area of land’

‘I understood all the information’

RB 1 5 27 53 14 RB 1 5 21 58 15
SB 1 4 26 55 14 SB 1 5 20 59 16
‘I understood the concept of making choices
between alternative management options’

‘I found making choices between alternative
management options confusing’

RB 1 4 19 60 17 RB 11 41 32 16 1
SB 1 2 18 63 16 SB 11 41 33 14 1
‘I do not believe that recreation – even if it is
low impact – would cause only minor environ-

mental changes’

‘I found that the available management
options made sense’

RB 5 27 31 30 7 RB 2 11 37 46 5
SB 5 25 30 33 7 SB 2 13 36 44 5
‘I believe that my choices will have an impact
on how the area of land will be managed in

the future’

‘I believe that the chosen plan for manage-
ment will be implemented’

RB 4 18 40 33 5 RB 2 14 57 24 3
SB 4 19 37 34 6 SB 3 17 55 23 3

Notes: aAll questions were based on a five-point Likert scale: ‘strongly disagree’ (SD), ‘disagree’ (D), ‘nei-
ther disagree nor agree’ (N), ‘agree’ (A), ‘strongly agree’ (SA).

14 The questionnaire is available upon request.
15 As pointed out by an anonymous reviewer, the initial choice made in the RB sample split

may have affected the comparisons with the SB results through this difference in choice set
order.
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previously guaranteed that each choice set was presented in the first position
approximately the same number of times across RB1, RB2, RB3 and RB4.
Consequently, the choice questions in FirstRB were the same as those in SB.
The complete research design is illustrated in Table 3.
To avoid the confounding effects of having different numbers of observa-

tions across the SB, RBx and FirstRB sample splits, the number of respon-
dents surveyed for the SB sample split (1444) was about four times that for
sample splits RB1 (367), RB2 (371), RB3 (369) and RB4 (376).16

A Bayesian efficient experimental design (Sándor and Wedel 2001;
Ferrini and Scarpa 2007) was used to generate the choice sets
(D-efficiency). The data were analysed using conditional logit (CL) models
(McFadden 1974).17,18 A bootstrapping procedure applying 1000 draws
(Krinsky and Robb 1986) was used to estimate marginal WTP (implicit
prices) for the attribute parameters.

4. Hypothesis testing

To test H1
0, we compare choice outcomes of a single-binary with a repeated-

binary choice format using conditional logit (CL) models (McFadden 1974).
Choice outcomes are defined as the attribute parameter estimates, scale
parameter estimates and welfare measures (marginal WTP estimates).
H2

0 is tested by comparing single-binary choice outcomes with the choice
outcomes derived from the first choice questions of a repeated-binary elicita-
tion format using CL models. Choice outcomes are defined as the attribute
parameter estimates, scale parameter estimates and welfare measures (mar-
ginal WTP estimates).

YesNoRecreation 
opportunities

I would choose:

30 % (4,200 ha)30% (4,200 ha)Area left undeveloped

$ 200$ 0My one-off household 
payment

Option BOption A

YesNoRecreation 
opportunities

I would choose:

30 % (4,200 ha)30% (4,200 ha)Area left undeveloped

$ 200$ 0My one-off household 
payment

Option BOption A

Figure 1 Choice set example.

16 Rose et al. (2009) explored the statistical impact of panel data in discrete choice experi-
ments by means of simulated data. They showed that an increase in the number of choice
observations per respondent leads to less-biased estimates and larger t-ratios while holding
sample size constant. An increase in sample size, though, decreases this advantage.

17 Econometric models were estimated using NLOGIT4.1 (Greene 2007) and STATA10
(StataCorp 2007).

18 Adding a quadratic term into the utility function did not improve the model fit.
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The analysis of both hypotheses is restricted to an estimation of a CL
model specification. The estimation of a random parameter logit model for
data obtained in the single-binary elicitation format is not feasible.19

5. Results

A series of chi-square tests were conducted to check for equivalence between
each sample split and the population statistics using the 2006 census data
(Australian Bureau of Statistics 2009). The sample splits are not representa-
tive of the households of Sydney, and care should be taken when interpreting
the results on a population level.
Follow-up questions were included in the questionnaire to check for conse-

quentiality of the survey format, the plausibility of the choice questions, the
credibility of the policy scenario and the comprehensibility of the choice task.
The results are displayed in Table 2. These results indicate that the incentive
compatibility of the SB elicitation format may be compromised. That is,
observed differences in choice outcomes between the SB and RBx sample
splits may be influenced by limited consequentiality of the survey format,
plausibility of the choice questions, credibility of the policy scenario and
comprehensibility of the choice task.20

Table 3 Research design – choice sets

Block (SB) SB Block (RBs) RB1 RB2 RB3 RB4 First RB

1 1 1 1 2 3 4 1 2 3 4
2 2 2 3 4 1
3 3 3 4 1 2
4 4 4 1 2 3
5 5 2 5 6 7 8 5 6 7 8
6 6 6 7 8 5
7 7 7 8 5 6
8 8 8 5 6 7
9 9 3 9 10 11 12 9 10 11 12
10 10 10 11 12 9
11 11 11 12 9 10
12 12 12 9 10 11
13 13 4 13 14 15 16 13 14 15 16
14 14 14 15 16 13
15 15 15 16 13 14
16 16 16 13 14 15

19 A single choice observation per respondent obtained in the single-binary elicitation for-
mat may not allow the discovery of random parameters that are statistically significantly differ-
ent from zero (see, e.g. Rose et al. 2009). A possible explanation is that, in the absence of a
very large sample, it is impossible to disentangle the assumed distribution of random terms
associated with preference parameters or alternatives from the assumed EV1 distribution of
the remaining random term that is assumed to be IID across alternatives and individuals.

20 All respondents have been kept in the samples because defining the extent of inconsequen-
tiality that would warrant exclusion is regarded as being too subjective.
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5.1. Effects of repeated-binary choice –Hypothesis 1

To investigate H1
0, CL models were estimated. The results for SB and

RB1 (representing the RBx sample splits) are reported in Table 4. For all
sample splits, the cost parameter estimates are statistically significantly
different from zero (1 per cent significance level) and have the expected
negative signs indicating that lower cost options are preferred to higher
cost options, ceteris paribus. The area of land parameter estimates are sta-
tistically significantly different from zero (1 per cent significance level)
and positive as expected, suggesting that a larger area of land provides
higher utility than a smaller area, ceteris paribus. The access parameter
estimate, however, is not statistically significantly different from zero in
any but the RB2 sample split (5 per cent significance level).21 The con-
stant term is statistically significantly different from zero (1 per cent sig-
nificance level) only in RB1 and has a positive sign. As the constant term
was included into the do-nothing option, we find no evidence that respon-
dents favour the do-nothing option more in the RBx than in the SB sam-
ple splits.
The marginal WTParea of land estimates22 for SB and all RBx sample splits

are reported in Table 5. Equivalence of marginal WTParea of land estimates
was tested using a procedure suggested by Poe et al. (2002, 2005). We find a
statistically significant higher marginal WTParea of land for SB than for RB1,
RB2, RB3 and RB4.
Differences in the attributes and scale parameter estimates between SB

and the RBx sample splits were explored using a test procedure suggested
by Swait and Louviere (1993).23 For a detailed discussion about the
Swait–Louviere test and the confounding influence of the scale parameter
in conditional logit models, see Louviere and Eagle (2006). The results
are displayed in Table 6. We find statistically significant differences in
attribute parameter estimates comparing SB to RB2, RB3 and RB4. The
parameter vector and the scale parameter are confounded in CL models.
A statistically significant difference in an attribute parameter estimate pre-
vents a test for scale parameter estimate equality. Hence, only RB1 was
tested in this regard. The hypothesis of equal scales was rejected
(pscale = 0.0124). The reduced relative scale parameter for RB1 suggests a
less-precise choice as the scale parameter is inversely related to the vari-
ance of the error term. Whether this is also the case for the RB2, RB3

21 As pointed out by an anonymous reviewer, one possible reason for the access parameter
estimates not being statistically significantly different from zero may be not having revealed the
name of the area of land.

22 The marginal WTP estimate for the access parameter in RB2 is not statistically signifi-
cantly different from zero.

23 The relative scale parameter was estimated based on a heteroscedastic conditional logit
model in STATA10 (see, e.g. Hensher et al. 1999).
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and RB4 sample splits remains unclear. Hence, SB and RB2, RB3 and
RB4 may differ in parameter estimates, scale parameters or both.
Larger confidence intervals for SB as opposed to RB1, RB2, RB3 and RB4

indicate that the difference in marginal WTParea of land may be induced by dif-
ferences in the variance of the error term. Put simply, repeated choices may
increase choice precision through decreased choice randomness. However,
the difference in the scale parameters may be a consequence of a difference in
the magnitude of the cost parameter estimate. That is, a change in the scale
parameter does not necessarily have to be responsible for the differences in
WTParea of land across SB and RBx.24

Overall, these findings support the rejection ofH1
0.

5.2. Effects of in advance awareness of having repeated choice - Hypothesis 2

To test H2
0, differences in the attribute and scale parameter estimates between

SB and FirstRB were investigated (see Table 6). No statistically significantly
difference was found in either (pattribute = 0.5785, pscale = 0.5179). The mar-
ginal WTParea of land estimates for SB and FirstRB are reported in Table 5.
The test procedure suggested by Poe et al. (2005) did not reveal statistically
significant differences in marginal WTParea of land (p = 0.9905) between SB
($6.44) and First RB ($6.20), and the 95 per cent confident intervals are simi-
lar (SB:$3.42–$13.08; First RB:$3.36–$11.56). These results indicate that
awareness of having the possibility of making repeated choices does not affect
choice outcomes.
These findings do not justify a rejection of H2

0. We find no evidence that
awareness of having repeated choices without specific information about the
attribute levels may influence choice outcomes.

Table 5 Marginal WTP estimates for RB1, RB2, RB3, RB4, SB and First RB

WTParea of land Standard error CI (95%)WTP P-value
RB-SB

First RB-SB (Test
procedure by Poe)

RB1 $2.98*** 0.61584 $1.88–$4.34 0.0566*
RB2 $2.41*** 0.50173 $1.48–$3.46 0.0145**
RB3 $2.51*** 0.52867 $1.62–$3.58 0.01808**
RB4 $2.99*** 0.54493 $2.03–$4.17 0.04636**
SB $6.44** 2.7705 $3.42–$13.08 –
First RB $6.20*** 2.3187 $3.36–$11.56 0.9905

Notes: Variables significant at *10%, **5% and ***1%. 95% confidence intervals in parentheses are based
on the 2.5th and 97.5th percentile of the simulated marginal WTP distribution. In comparison with the
delta method, this method does not imply a normal distribution.

24 We are grateful to an anonymous reviewer for pointing this out.
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6. Conclusion

The main objective of this study was to extend the research on effects of alter-
native elicitation formats in DCE. A split-sample approach based on field
surveys was conducted using a single-binary elicitation format with a major-
ity vote provision rule as the baseline. In particular, we explored (i) whether a
repeated-binary elicitation format affects choice outcomes and (ii) whether in
advance awareness of having repeated choices influences choice outcomes.
With respect to the first research question, we find statistically significant

differences in choice outcomes comparing choice data obtained by single-
binary and repeated-binary elicitation formats.
The literature suggests these differences may be caused by position- and

precedent-dependent order effects present in the RBx sample splits. Possible
explanations for these order effects include strategic misrepresentation of pref-
erences, anchoring effects, reference effects, institutional learning, fatigue
effects, failing credibility, cost uncertainty effects and preference learning.
Our results suggest that marginal WTParea of land estimates obtained using a

single-binary choice format are statistically higher compared with those esti-
mated using a repeated-binary elicitation format. Yet, the larger confidence
intervals derived from single-binary choice data suggest that the differences in
marginal WTParea of land may be induced by differences in the variance of the
error term. That is, repeated choices may increase choice precision, indicating
institutional learning in the RBx sample splits. However, the difference in the
scale parameters may be a consequence of the difference in magnitude of the
cost parameter estimate.
An alternative explanation of the difference in marginal WTParea of land esti-

mates is strategic misrepresentation of preferences. Respondents may become
aware of and exploit strategic opportunities, trying to get the most desired
option at the lowest cost. As most of the changes are centred on the cost para-
meter, strategic misrepresentation of preferences seems to be a more likely
explanation than preference learning because there is no real difference in the
other attribute parameter estimates (see footnote 24). However, the difference
in marginal WTParea of land estimates may also be explained by reference
effects. Respondents may form preferences about what they perceive consti-
tutes a good deal or a bad deal based on deals offered in previous choice
tasks.
Effects of failing credibility and fatigue effects in the RBx sample splits are

unlikely to be an explanation for the observed differences in choice outcomes
across the two elicitation formats as we find no evidence that respondents
favour the do-nothing option more in the RBx than in the SB sample split.
The lack of evidence for fatigue effects is not surprising as respondents were
only presented with four choice tasks each.
However, cost uncertainty effects may be an explanation for the observed

lower marginal marginal WTParea of land estimate in the RBx compared with
the SB sample split. A decreasing marginal WTParea of land estimate along the
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sequence of choice tasks implies an overall lower marginal WTParea of land

estimate as no differences in the marginal WTParea of land estimate across SB
and FirstRB sample split were observed.
Finally, anchoring effects cannot be excluded as a possible explanation of

the differences in choice outcomes across the two elicitation formats. That is,
respondents may have anchored their preferences on the first choice question
in the RBx sample splits. Unfortunately, our experimental design did not
allow to test whether anchoring effects may have influenced the comparison
across the two elicitation formats.
The results presented here are based on restricted CL models due to the

econometric limitations outlined earlier. Consequently, the panel character of
the repeated-binary elicitation format and possible preference heterogeneity
could not be taken into account. Hence, possible model misspecifications
may have influenced the results.
Furthermore, the limited consequentiality of the survey format, plausibility

of the choice questions, credibility of the policy scenario and comprehensibil-
ity of the choice task may have confounded the comparison between single-
binary and repeated-binary sample splits. On the other hand, the incentive
properties to answer follow-up questions truthfully are unknown. That is, the
answers to the follow-up questions may themselves be strategically biased
and may thus not reflect the actual opinions of respondents. Further testing
of these issues is required.
With respect to the second research question, we found no evidence that

awareness of having multiple choices without specific information about the
attribute levels provided in advance affects choice outcomes in a repeated-
binary DCE. That is, respondents may need specific information about the
choice tasks (in particular the attribute levels) they face to be able to exploit
that information strategically (strategic misrepresentation) or to express fail-
ing credibility or cost uncertainty in their choices. This result complements
the findings of Day et al. (2012) who find differences in the probability of
position-dependent order effects related to advanced compared to stepwise
disclosure of choice tasks. The differences across the two studies may be
explained by differences in the questionnaire design. Day et al. (2012) pro-
vided respondents in the advance disclosure treatment with information
about the number of choices, the attributes and all possible attribute levels,
whereas in the study presented in this article only information about the num-
ber of choices and the attribute types (including a note explaining that choice
options are based on different attribute levels) was given to respondents.
Hence, the results set out here, in combination with the results of Day et al.
(2012), may indicate that providing substantive information may influence
responses to the first (and possibly subsequent choice questions), whereas
only providing information on the number of choices and the attribute types
is likely to not have such an effect.
In summary, we provide evidence for differences in choice outcomes when

comparing single-binary with repeated-binary choice tasks, which may be
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explained by institutional learning, strategic misrepresentation of preferences,
cost uncertainty effects and reference effects. The choice between the two elici-
tation formats may imply a trade-off between decreased choice precision in
the single-binary and order effects that may be explained by strategic misrep-
resentation of preferences, cost uncertainty effects and reference effects in the
repeated-binary elicitation format.
However, our results also suggest that the first question in a repeated-bin-

ary choice task yields the same choice outcome as a single-binary choice task
if no specific information on attribute levels is provided in advance. That is,
we did not find any indications for strategic misrepresentation of preferences,
cost uncertainty effects and reference effects caused by awareness of having
repeated choices.
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