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Abstract

The importance of willingness to pay (WTP) and wdhess to accept (WTA) measures in
the evaluation of policy measures has led to ataahstream of research examining survey
methods and model specifications seeking to capace explain the concept of marginal
rates of substitution as much as possible. Statemice experiments pivoted around a
reference alternative allow the specification afcdete choice models to accommodate the
prospect theory reference dependence assumptias.péhmits an investigation of theories
related to loss aversion and diminishing sensytj\and to test the discrepancy between WTP
and WTA, widely documented within the literatureithVmore advanced classes of discrete
choice models at our disposal, it is now possibleest different preference specifications
that are better able to measure WTP and WTA valDas. such model allowing for utility to
be directly specified in WTP space has recentlywshanteresting qualities. This paper
compares and contrasts models estimated in preferspace to those estimated in WTP
space allowing for asymmetry in the marginal ué$tby estimating different parameters
according to reference, gain and loss values. &belts suggest a better model fit for the data
estimated in WTP space, contradicting the findingprevious researches. The parameter
estimates report significant evidence of loss awarand diminishing sensitivities even
though the symmetric specification outperformsdalgmmetric ones. Finally, the analysis of
the WTP and WTA measures confirms the higher degfé&TA compared to WTP, and
highlights the appeal of the WTP space specificaitoterms of plausibility of the estimated
measures.

Keywords: choice experiments, willingness to pay spacefgpence asymmetry



1. Introduction

According to prospect theory (Kahneman and Tver$Ry9; Tversky and Kahneman, 1991),
individual choice behaviour is subject to a conaefierred to as reference dependency. This
concept, when framed within the idea of utility nmaiation, suggests that when evaluating
different outcomes, individuals tend to distingudifferently between positive (gains) and
negative (losses) deviations from some base referaiternative. This result leads to the
notion that utility should be centred on this besference point and then be defined in terms
of domains of gains and losses surrounding thigreetce point. In this context, two
fundamental findings have been found to charaaenmlividual’s utility functions; that
individuals i) experience loss aversion (i.e., tleeqaluate higher weights for losses than for
gains), and ii) experience diminishing sensitivity both gains and losses (i.e., decreasing
marginal values in both positive and negative doslai The implications of these two
characteristics when considered together, imphtlfirthe marginal utility of individuals for
gains and losses are different and secondly, tiestet marginal utilities can be considered as
non-linear. In turn, this implies that the demandves for individual respondents should be
considered to be kinked with the elbow of the kidntred at the site of the reference
alternative.

Since the formalization of prospect theory, refeeedependence has been tested in several
studies through the use of different interview pehares, with particular reference to
contingent evaluation (e.g., Bishop and Heberldi®79; Rowe et al., 1980), laboratory
experiments (e.g., Bateman et al., 1997) and newently, stated choice experiments (e.g.,
De Borger and Fosgerau, 2008; Hess et al., 200&tiHpnd Fosgerau, 2009; Lanz et al.,
2009; Masiero and Hensher, 2009). In all casesspeddent of the specific methodology
employed, reference dependency has been foundsio ex

Stated choice experiments (SCE) currently represenprimary method for collecting data
for the purpose of analysing and understandingoghbehaviour. These experiments present
surveyed respondents with hypothetical choice stna with the resulting model estimation
relying on the Random Utility Model framework (Makéen, 1974). The need to firstly,
approximate the reality as much as possible inraiméncrease the behavioural meaning of
the results and secondly, accommodate the pro#pemty reference dependence assumption,
has resulted in increasing attention being givenamy towards modelling the impacts of
prospect theory, but also towards generating SGigde that are pivoted around individual
specific reference alternatives (see, for examplensher, 2008; Rose et al., 2008).
According to a pivot-design the utility functionsagiated to each hypothetical alternative
can then be specified in terms of gains and loasesnd the reference alternative values,
either in terms of absolute levels or percentalyethis context, Hess et al. (2008) highlight
the presence of loss aversion identifying asymmeieferences in a car traveller study. Lanz
et al. (2009) test loss aversion and diminishingsgeity in an environmental water supply
choice experiment, while Masiero and Hensher (2@08)freight transport framework.

In modelling consumer preferences, the marginal oassubstitution plays a fundamental role
since it expresses the willingness to pay (WTP)jt®rcounterpart willingness to accept
(WTA), for both market and non-market goods. Indeadthe analysis of travel demand,
particular research emphasis has been placed astimeation of the trade-off between time
and cost, commonly referred to as the value ofefréimme saving (VTTS). The VTTS is of
significant importance to transport modellers alahpers as it often represents a key input in



the evaluation of infrastructure projects (e.g.stdzenefit analysis) or policy measures in
general. In this regard, the consistent discrepaoegween WTP and WTA measures
observed within the literature, where WTP resulés’en been systematically found to be
greater than WTA (see Horowitz and McConnell, 2002a review), has been shown by
Bateman et al. (1997) to be a consequence of l@ssiart. According to this evidence, De
Borger an Fosgerau (2008) introduce a theoreticalehof reference dependence based on
the trade-off between travel cost and travel tinmnditional upon loss aversion and
diminishing sensitivity. This same approach hasnb&#lowed by Hjorth and Fosgerau
(2009), which apply a fixed effect logit estimatororder to explain how loss aversion varies
with individual characteristics.

The use of advanced discrete choice modelling oeroto take into account for taste
heterogeneity over the sample has led to comptieatiin the derivation of the WTP
measures. In particular, the introduction of thexedi multinomial logit (MMNL) model
which allows for the estimation of random paramelistributions which reveal preference
heterogeneity within a sampled population, has minteat the marginal rates of substitution
may become a ratio of two random distributions, elgnthe coefficient of the attribute of
interest over the cost coefficient. Therefore, tasulting WTP distribution will follow a
distribution that depends on the two distributiepecified for the random parameters. In
such cases, the resulting distribution may produnamber of undesirable properties, not the
least of which are extremely low or large WTP vafuéndeed infinite or near infinite WTP
values may occur where the random parameter asgsocwth the cost attribute is not
bounded either side of zero.

In order to overcome this issue, a number of ptssblutions have been attempted in the
past. The most obvious method is to treat the amesfficient as a fixed parameter (Revelt and
Train, 1998; Hensher et al., 2004). In this caliejadues from the random parameter in the
numerator are divided by the same value, the amficient, which therefore acts simply as
a scaling facture. As such, for models in which¢bst coefficient is treated as non-random,
the shape of the WTP distribution will remain tlzang as the distribution specified for the
parameter used in the numerator with only the pmni moments changing. Other
researchers have employed bounded distributionsaiedomly specified cost coefficients
such as log Normal or constrained triangular distions. In taking this approach, the analyst
prevents the cost coefficient taking the valueeybz and hence prevents the possibility of an
infinite WTP value being observed. Unfortunatelycts distributions often come at a cost,
with log Normal distribution producing large ta{lsnd hence may result in very small WTP
values being observed) and the constrained trianglistribution forcing the spread of the
distribution to be a function of the mean (whichym#t uncover the true extent of any
preference heterogeneity that may exist in the ssohpopulation).

The treatment of cost coefficients as fixed or namdom parameters over sampled
populations represents particularly strong asswnpin terms of both scale homogeneity
(Train and Weeks, 2005) and taste heterogeneitgrg@cet al., 2008). The imposition of
bounded distributions similarly offer disadvantagesl may mask data issues and produce
biased WTP responses if the distributions assurnetbtreflect the reality of the data.

! To be noted that in a stated choice model that doesake into account preference asymmetry, ttie od
WTA to WTP is equal to one.

2 For example, the ratio of two normal distributioesults in a bimodal distribution. The Cauchy dbsttion is
a special case where both the two means are zero.



An alternative solution to the above problem wasppsed by Train and Weeks (2005)
through the parameterization of MMNL model not meference space but rather directly in
WTP spacg Using this model formulation, the WTP distributioare estimated directly
rather than being estimated post model estimatjotaking the ratio of two parameters. In
taking this approach, the analyst is able to sedeeictly the appropriate WTP distribution
rather than having limited control over it. In thpaper, Train and Weeks (2005) observed a
decrease in the amount of heterogeneity in the VE$#mates to a more behaviourally
plausible amount although the model fit was foumdi¢crease. Further papers dealing with
different specifications of MMNL model in WTP spa®8carpa et al., 2008; Mabit et al.,
2008; Hensher and Greene, 2009) confirmed the appeaodels estimated directly in WTP
space over models in preference space, especraltgrms of WTP interpretability and
plausibility.

Although the specification in WTP space proposedlsin and Weeks (2005) overcomes
the problem associated with taking the ratio ofrdigtions and recognizes the two different
forms of taste and scale heterogeneity, it is pet#ied to quantify the specific contribution

of scale and taste. In this context, Fiebig et(2009) review different approaches to deal
with scale heterogeneity and propose an alternafppgoach within the classical framework
of MMNL models in WTP space, successively testetHbypsher and Greene (2009).

The aim of the paper is to compare models in peeise and WTP space by integrating the
prospect theory reference dependence assumptibnthatlatest findings in scale and taste
heterogeneity (Fiebig et al., 2009; Hensher ance@e2009). In particular, we analyse the
difference between a MMNL model in preference spaith a fixed cost coefficient and a
MMNL model estimated in WTP space with scale heereity in both symmetric and
asymmetric specifications. We further provide asight into WTP and WTA measures
highlighting the implications associated to loseraion and diminishing sensitivity.

The paper is organized as follows. In Section 2pwine the methodology. In doing so, we
discuss the differences between models estimatqueference space and WTP space. In
Section 3 we outline the data used herein befocad@e4 presents the model results. Section
5 presents concluding comments for the paper.

2. Methodology

Letu , denote the utility of alternativieperceived by respondentin choice situation. U ,
consists of two components, a modelled compongptand an unobserved component
£, SUch that

U ntj = Vntj + gntj ) (1)

As is common practice, we assume the modelled coemoof utility to be represented as a
linear relationship ok attributesx, related to each of thealternatives and corresponding
parameters weights such that

K
U nsj = aj + :Bnccnsj + kz ank anjk + Entj ' (3)
=1

% However, the intuition of directly estimate the WiiB's already promoted (see for example, Hensh&6;19
Cameron and James, 1987).



K
Uy =a; +Z,3nkxns4'k T &y (2)
k=1

where g represents an alternative specific constant caygtiuhe residual mean influence of

the unobserved influences on choice for associai#i alternativej and the unobserved
component,,,is assumed to be independently and identically)(Bitreme value type 1

(EV1) distributed.
Given that we are interested in establishing esémaf WTP, we further assume that

Equation (2) is separable in priags and other non price attributeg;x, such that Equation
(2) may be rewritten as

K
U nsj = aj + ﬁnccnsj + kz_l ﬁnk anjk + ‘gntj' (3)

The marginal willingness to pay for attribute k mbgn be calculated as

d

7ﬁn Xn'
WTP = dX”Sik L — ﬁnk
e @
Fﬁnccnsj ne

ngj

In writing out the utility function as we have ing&ations (2) and (3), the subscript
associated with the parameter weights implies &codair econometric model form will be
estimated. In this case, and under the IID EV1rewom assumption, the utility function
shown in Equation (2) implies the use of the MMNIodrl specification framework. The
MMNL model allows for the analyst to specify thainse or all of the parameter weights
estimated be allowed to vary over the sampled @joul with densityf (5, |Q).Note that if

a parameter is to be treated as non-random, trsespin will simply cease to be associated
with that parameter, as the parameter will be fimedonstant across individuals.

Equation (3) is defined in ‘preference space’ (Searpa et al., 2008, Sonnier et al., 2007 or
Train and Weeks, 2005). It is possible to re-spettie utility function so as to estimate the
WTP estimates directly. To do this, we rewrite Bopra(3) as follows.

1 K

Unsj :aj +:3nc |:Cnsj +_Zﬁnkxnsjk:|+€ntj' (5)
anc k=1

In this case, the cost parametgl,, simply becomes a normalising constant in the WTP

representation.

In order to estimate the model in WTP space, wetheesame specification outlined by
Hensher and Greene (2009). In this formulation, estimate g _= (B, +o,w,) where

pBrepresents the mean cost parameter for the sarpplealation, grepresents the standard
deviation of preferences (or deviation from the meaver the sampled population, and

random draws from a standard normal distributiokewise, non-price parameters that are
treated as random parameters are estimatesl, as(g, +I'v, ) Where grepresents the mean



of the parameter distribution, a lower triangular Cholesky Matrix ang random draws
over the sampled population with covariance matrso that, ., s, - r .

To estimate the modelB, is constrained such thgt = e *™ . Given that the scale
of B.is provided for by g, B.is not identified. If we allow g to be rewritten as
gi"A+4+m) then different combinations gf and S, will reproduce the same value gf.To

overcome this, Feibig et al. (2009) sgt- """ so thatg, =,Ece(_7+rw”).and consequently,
© T2
E[IBnc] = ﬁc*.

In order to test specific issues related to prosteory, a number of adaptations to the utility
specification as outlined above are required. btepto test the hypothesis that respondents
experience diminishing sensitivity to both gaing émsses, it is necessary to apply non-linear
transformations to the non-price attributes (wentzan a linear price parameter in order to
allow for a simple comparison between models eséchan both preference and utility space.
This assumption could be relaxed for models eséthat preference space, however given
that models estimated directly estimated in WTPcepase the price parameter as a
normalising constant, having a non-linear priceilaite and/or different price parameters
representing gains or losses is not desirable)tiHeocurrent paper, we attempted a number of
attribute transformations, finally deciding uponlay transformation. Such an attribute
transformation does not impact upon any of the udision related to model estimation,
however the WTP calculation shown as Equation ¢(#) hecomes

d 1
ﬁnk In(xnsjk) ﬁnk
_ dxnsjk _ anjk
WTP = . (6)

d B
I C . nc
anS" ﬁnc ns

Further, by directly modelling the marginal ratesabstitution instead of the marginal utility
we are assuming that the respondent has a refeveliogness to pay other than a reference
preferencé Indeed, the reference WTP measures are eas#ynebtby specifying reference
specific coefficients in the utility function. Thedore, instead of working with deviations
from the reference point (as in Hess et al. 20@8izLet al. 2009; Masiero and Hensher 2009)
we specify the model in absolute values in ordemltow the parameters for reference
alternative to be estimated. The difference fromréference point is then computed in terms
of marginal utilities.

3. Empirical data

Data for the current study was collected in Sydine004 as part of a wider study designed
specifically to obtain estimates of the VTTS for daivers in the Sydney metropolitan area.
For this study, we estimate models only on the catmg data segment, ignoring data
dealing with non-commuting trips. Respondents wanavn from those in the population
who had recently taken a trip along a route whiohld possibly have involved travelling
along a proposed toll road to be built sometimehia future. Respondents were recruited
using a computer aided telephone interview (CATithveligible respondents being drawn

* Other studies are based on the concept of referiP, see for example, De Borger and Fosgerau J2008
Hjorth and Fosgerau (2009).



from households that were stratified geographicallthin a large catchment area. Once
recruited, a time and location was agreed uponhfersurvey to be undertaken using a face-
to-face computer aided personal interview (CAPDo@s were imposed to insure a range of
travel times over the sample; between 10 and 3Qitesn 31 to 60 minutes, and more than 61
minutes (capped at two hours). Trips of less tHaminutes were excluded for both practical
and theoretical reasons. From a practical perspedtiwas felt that varying travel times and
costs around a small base was not likely to prodiemels which would be liable to induce a
change of route in reality (e.g., a 10 percentcédn in a travel time of from two minutes is
only 1.48 seconds, a saving of only 12 second€pr8#y, within the Sydney context, shorter
travel times are unlikely to attract road user gear although this situation may be different
in other cities, and may change in Sydney giveraadgs in future technology.

Once recruited, respondents were asked informattwout their current trip to frame the
context of the experiment. Based on the actual rejported, respondents were given 16
choice scenarios, each with three route alternatilescribed by time spent in free flow and
slowed down time travel conditions, travel timeiahility, running (petrol) costs and toll
costs. The first alternative represented the redpat’s current reported trip (a RP
alternative) with the remaining two alternativepresenting competing hypothetical routes
(SC alternatives). The two SC alternatives represefabelled routes. The trip attributes
associated with each route are free flow time, sthd@own time, trip travel time variability,
vehicle running cost (essentially fuel) and thé ¢okt. These were identified from reviews of
the literature and supported by the effectivendsprevious VTTS studies undertaken by
Hensher (2001). In addition, previous studies wesed to establishing the priors (i.e.,
parameter estimates associated with each attridfore)designing the experiment. All
attributes of the SC alternatives are based orvétheées of the current trip. Variability in
travel time for the current alternative was caltedas the difference between the longest and
shortest trip time provided in non-SC questionse BC alternative values for this attribute
are variations around the total trip time. For ather attributes, the values for the SC
alternatives are variations around the valueshercurrent trip. The variations used for each
attribute are given in Table 1.

Table 1: Profile of attribute ranges in the SP design

Free-flow time Slowed down time Variability Runniogsts Toll costs
Level 1 -50% -50% + 5% - 50% - 100%
Level 2 -20% -20% + 10% - 20% + 20%
Level 3 + 10% + 10% + 15% + 10% + 40%
Level 4 + 40% + 40% + 20% + 40% + 60%

Over the course of the experiment, the RP altar@awras invariant across the 16 choice
situations with only the levels of the SC altermesi changing. Before commencing,
respondents were given an example game to praaiite An example choice situation

(taken from a practice game) is shown in Figure 1.

The experimental design has three versions (onedgoh trip segment) of 16 choice sets
(games). The design has no dominance given thanasisun that less of all attributes is
better. The distinction between free flow and sldwiewn time is designed to promote the
differences in the quality of travel time betweemious routes — especially a tolled route and
a non-tolled route, and is separate to the inflaarfcotal time. Free flow time is interpreted



with reference to a trip at 3am when there are elays due to traffié. An example of a
stated choice screen, for the current trip (orregfee) alternative and two design—generated
combinations of actual attribute levels (based qrercentage variation from the reference
alternative obtained from Table 1) is shown in Fegl.

Fsydney Road System

Practice Gam

Make your choice given the route features presented in this table, thank you.

Details our i
Recent Trip

Time in free-flow traffic (mins) 25
12

+/-10 +/-12 +/-9

$3.00 $4.20 $1.50

$0.00 $4.80 $ 5.60

If you make the same kip again.
which road would you choose? " Current Road " Road A @ Road B

I you could only choose between the 2 -
new roads, which road would you choose? " Road A & Road B

Forthe chosen A or B road, HOW MUCH EARLIER OR LATER \WOULD YOU BEGIN YOUR TRIP to arrive at your
destination atthe same time as for the recent trig: (note 0 means leave st same time) l— mins) © eatier @ lster

Hovw weould you PRIMARILY spend the time thatyou have saved travelling?

€ Stap at home  Shopping (" Sociskscreational  ( Visiing friends/relatives
" Goltowokeafier " Educaion (" Personal business Dther

Figure 1: An example of a stated choice screen

The final commuter sample consisted of 300 respatsderepresenting 4800 choice
observations. Of these 300 respondents, six regmtsd (representing 96 choice
observations) always choose the current RP aligen@respective of the attribute levels
shown in the two SC alternatives. For this papgegsé six respondents were removed from
the analysis, leaving data from 294 respondent®844hoice observations) from which to
model.

4. Model Results

Table 2 summarizes the results of six estimatedefsodModel 1 (M1) represents the base
MMNL model estimated in preference space whilst Blo#l (M4) represents the equivalent
model estimated in WTP space. Model 2 (M2) and 3)(Mboth estimated in preference
space, allow for different marginal utilities foaigs and losses. M3 differs to M2 in that M3
applies a log transformation to the free flow afmved down time attributes. Models M5

and M6 are the equivalent models to M2 and M3 retspady, only estimated in WTP space.

In terms of testing prospect theory, models M2, W& and M6 allow us to test the

hypothesis that individuals experience loss avarsithereas models M3 and M6 also allow
us to explore whether they also experience dimingsksensitivity to both gains and losses.
Note that given the experimental design applie€ ttavel time variability attribute only was

presented to respondents simply as + some value fihe reference, rather than a plus in
some games and a minus in others. As such, we catltest it in terms of prospect theory
as it simultaneously represents both a gain amdss and hence we exclude it from the final
models estimated.

® This distinction does not imply that there is acsfie minute of a trip that is free flow per se tittloes tell
respondents that there is a certain amount ofataé time that is slowed down due to traffic, arehte that a
balance is not slowed down (i.e., is free floweline observes typically at 3am).



Table 2: Model Results

M2 M3 M4 M5 M6
M1 (Pref. Space Pros.  (Pref. Space Log Pros. (WTP Space (WTP Space Pros.  (WTP Space Log
(Pref. Space MMNL) Theory) Theory) MMNL) Theory) Pros. Theory)
Par. {-ratio) Par. {-ratio) Par. {-ratio) Par. {ratio) Par. {-ratio) Par. {-ratio)
Random parameters
Free flow time (mean) -0.081 (-11.32) -0.064 (-6.22 -0.060 (-5.13) 0.264 (37.12) 0.093 (3.25) 0.042 2.4Q)
Free flow time (std dev.) 0.089 (12.64) 0.062 (%.16 0.054 (5.74) 0.248 (54.41) 0.230 (7.41) 0.158  03p.
Slowed down time (mean) -0.102 (-16.36) -0.043 364 -0.037 (-2.58) 0.346 (64.07) 0.032 (1.42) 0.012 (1.07)
Slowed down time (std dev.) 0.078 (9.27) 0.042 g.6 0.027 (2.00) 0.213 (36.48) 0.052 (1.75) 0.039 .59p
Free Flow time gain (mean) - - 0.046 (4.58) 0.286 4.21) - - -0.208 (-5.08) -0.477 (-2.34)
Free flow time gain (std dev.) - - 0.077 (6.31) 7.4 (3.67) - - 0.260 (6.68) 0.988 (4.16)
Free flow time loss (mean) - - -0.244 (-8.44) -@84 (-8.64) - - 0.937 (7.39) 1.985 (7.43)
Free flow time loss (std dev.) - - 0.186 (5.57) 85.6 (2.82) - - 0.903 (6.78) 1.022 (1.87)
Slowed down time gain (mean) - - 0.086 (20.39) 0.65 (9.26) - - -0.362 (-8.81) -1.526 (-5.29)
Slowed down time gain (std dev.) - - 0.060 (3.90) .558 (4.08) - - 0.255 (6.26) 1.558 (5.09)
Slowed down time loss (mean) - - -0.286 (-11.61) .00& (-10.96) - - 1.137 (9.51) 3.038 (6.46)
Slowed down time loss (std dev.) - - 0.198 (3.23) .79 (2.16) - - 0.993 (7.15) 2.763 (7.45)
Non-Random parameters
Constant (reference alt.) -0.111 (-2.34) 1.191 .1 0.908 (2.77) -0.116 (-3.85) -0.958 (-4.90) -61 (-5.59)
Constant (SP alt 1) 0.158 (3.30) 0.155 (3.23) 0.130 (2.72) 0.152 (4.13) 0.160 (3.22) 0.170 (3.95)
Cost -0.338 (-31.78) -0.244 (-25.97) -0.237 (-25.79) - - - - - -
Cholesky Decomposition (diagonals)
Free flow time 0.089 (12.64) 0.062 (5.16) 0.054 745. - - 0.230 (7.41) 0.158 (6.03)
Slowed down time 0.066 (10.112) 0.077 (6.31) 0.013 0.7Q) - - 0.042 (1.63) 0.028 (2.92)
Free flow time gain - - 0.123 (3.91) 0.211 (1.51) - - 0.254 (6.09) 0.181 (0.54)
free flow time loss - - 0.038 (5.88) 0.453 (2.43) - - 0.166 (1.15) 0.339 (0.46)
Slowed down time gain - - 0.037 (2.73) 0.048 (0.27) - - 0.058 (0.73) 1.106 (4.07)
Slowed down time loss - - 0.033 (0.49) 0.094 (0.29) - - 0.079 (0.29) 0.022 (0.02)
Cholesky Decomposition (off-diagonal s)

Slowed down: free flow time -0.041 (-4.44) 0.000 0.01) 0.024 (3.24) - - -0.031 (-1.20) -0.027 (-3.76
Free flow time gain: free flow time - - 0.019 (035 -0.062 (-0.64) - - 0.015 (0.33) 0.361 (1.36)
Free flow time gain: slowed down time - - -0.138 4.28) 0.400 (4.11) - - -0.054 (-0.99) 0.902 (4.04)
Free flow time loss: free flow time - - 0.000 (-9)0 -0.052 (-0.30) - - -0.064 (-0.30) -0.322 (-0.74)
Free flow time loss: slowed down time - - -0.010 1.15) -0.509 (-2.91) - - 0.668 (3.58) -0.840 (-32.34
Free flow time loss: free flow time gain - - 0.013 (1.37) -0.043 (-0.12) - - 0.581 (3.76) -0.347 (1.1
Slowed down gain: free flow time - - -0.002 (-0.11) -0.435 (-4.73) - - 0.130 (2.72) 0.611 (1.94)
Slowed down gain: slowed down time - - -0.003 3.2 -0.094 (-0.62) - - -0.207 (-4.79) 0.890 (2.49)
Slowed down gain: free flow time gain - - 0.012 8. 0.207 (1.45) - - -0.020 (-0.36) 0.159 (0.42)
Slowed down gain: free flow time loss - - -0.045 3.%58) -0.251 (-1.85) - - 0.036 (0.86) -0.102 (-0.20
Slowed down loss: free flow time - - -0.062 (-1.17) 0.087 (0.58) - - -0.017 (-0.09) 0.040 (0.11)
Slowed down loss: slowed down time - - 0.006 (0.15) 0.180 (0.98) - - 0.936 (6.27) -0.444 (-0.76)
Slowed down loss: free flow time gain - - -0.069 1.%56) -0.451 (-1.55) - - 0.139 (0.95) -0.093 (-0.14
Slowed down loss: free flow time loss - - 0.093 86). 0.602 (2.95) - - -0.175 (-0.91) -0.068 (-0.08)
Slowed down gain: slowed down time loss - - -0.144 (-2.54) -0.103 (-0.35) - - 0.233 (0.95) -2.725 19).




Table 2 (Cont'd)

M2 M3 M4 M5 M6
M1 (Pref. Space Pros.  (Pref. Space Log Pros. (WTP Space (WTP Space Pros.  (WTP Space Log
(Pref. Space MMNL) Theory) Theory) MMNL) Theory) Pros. Theory)
Par. {-ratio) Par. {-ratio) Par. {-ratio) Par. {ratio) Par. {-ratio) Par. {-ratio)
Parameter for Cost (WTP space)
Cost parameter - - - - - - -0.553 (-29.13) -0.327 -9.55) -0.348 (-6.19)
Scale Parameter
Variance Parameter in Scatg ( - - - - - 0.947 (32.30) 0.382 (1.93) 0.511 ®.2
Covariances of random parameters with scale
Free flow time - - - - - 1.048 (48.44) 0.315 @1 -0.063 (-0.47)
Slowed down time - - - - - - -0.298 (-20.77) -0.541 (-4.13) 0.878 (4.88)
Free flow time gain - - - - - - - - -0.425 (-3.01) -0.297 (-2.29)
free flow time loss - - - - - - - - -0.134 (-0.51) -0.297 (-2.29)
Slowed down time gain - - - - - - - - -0.284 (-)05 0.575 (5.83)
Slowed down time loss - - - - - - - - 0.281 (1.15) 0.575 (5.83)
Sgma Parameter
Sample Mean - - - - - - 1.486 - 1.388 - 2.014 -
Sample Std Dev. - - - - - - 2.523 - 1.489 - 4.185 -
Model Fits

LL(0) -5167.872 -5167.872 -5167.872 -5167.872 -5167.872 516%.872
LL(ASC) -5151.471 -5151.471 -5151.471 -5151.471 -5151.471 515%.471
LL(B) -3589.897 -3756.572 -3815.333 -3349.851 -3622.293 3791.076
K 10 36 36 12 45 45
p(0) 0.305 0.273 0.262 0.352 0.299 0.266
Adj. p(0) 0.304 0.267 0.256 0.350 0.292 0.259
p (ASC) 0.303 0.271 0.259 0.350 0.297 0.264
Adj. p(ASC) 0.302 0.265 0.254 0.348 0.290 0.257
Number of Respondents 294 294 294 294 294 294
Number of Observations 4704 4704 4704 4704 4704 4470




Presented at the base of Table 2 are the modfistics. Two sets of overall goodness to fit
statistics have been provided. The first companesfinal model against the log-likelihood
for a base model assuming all parameters are sinedusly equal to zero (i.@(0)). The
second model fit statistic is against a model et allowing for alternative specific
constants only (i.e»(ASC)). Comparing the adjustee(ASC) values, which correct for
differences in the number of parameters estimatad £ach of the models, we find that the
best model fit for the data is associated with nmhddie This finding contradicts the findings
of other researchers who have found that modeisa&std in WTP space typically produce
worse model fits. Further, comparing models that equivalent in how the attributes have
been treated in their utility specifications (i.M1 to M4, M2 top M5 and M3 to M6), we
note that the WTP models outperform their equivial@eference space models in each
instant. We further note that the simple linearc#pmtion of utility rather than those that
allow for loss aversion as well as for diminishsgnsitivity to both gains and losses appear
to perform better in terms of model fits. Comparthg model fits only for the models that
allow us to test prospect theory, we find that botpreference space and WTP model forms,
allowing for diminishing sensitivity to both gaird losses results in lower model fits, at
least insofar as we have applied the correct at&itransformation.

In each of the models, we have also allowed foretated random parameters via the
inclusion of the Cholesky matrix. Examining the graeters associated with this matrix
supports the fact that there does exist some fofntoorelation amongst the random
parameter estimates, although the correlation tstreicevealed appears to change depending
upon the utility specification and model form impds Nevertheless, the several significant
parameters for the Cholesky matrix indicate thapecification that does not allow for such
correlation would be inappropriate.

Examining the scale parameters (i®.for each of the WTP space models reveals that the
parameter is highly significant for the non-progpélceory model (M4), statistically
significant at the 0.06 percent level for model lsiidd statistically significant at the 0.05
percent level for model M6. This suggests thatesbalterogeneity exists in each model after
accounting for correlation between the random patara themselves. To breakdown this
observed scale heterogeneity, we further allowctorelation between the random scale term
and the random parameters. Once more, we find d/aedence across the three WTP
models of such correlation existing.

Turning to the parameter estimates for free flawetiand slowed down time, all parameters
are of the expected sign and relative magnitude.isAso be expected, comparing the
parameter estimates for the preference space matielging for differences in losses and
gains, we note that relative to the reference radieres, the parameters related to gains are
positive compared to the parameters associated lages which are negative. Examining
the absolute value of the magnitudes of the (mgaim) and loss parameter estimates, we note
that magnitude of the loss parameters are significdarger than those for the gains,
providing supporting evidence of respondents, cerage, having experienced loss aversion
when completing the SC survey. Given a negativeepparameter means that models
estimated in WTP space should produce opposites $arthe non price parameters to those
estimated in preference of the parameter estimatesyould expect that the WTP parameters
for losses will be positive relative to the refeserbase and gain parameters to be negative.
Examining Models M5 and M6, this is precisely what observe with once more the relative
absolute magnitudes of the gains and losses (sit feathe mean of the random parameter
distribution) conforming with what we would expéfcprospect theory is true.



The main focus of the paper is to compare and ashinodels estimated in preference space
to those estimated in WTP space allowing for asytmyma the marginal utilities for gains
relative to losses. In Figure 2, we plot the WTBtrdbutions for models M2, M3, M5 and
M6. In order to construct confidence intervals auhe individual WTP measures, we
employ the Krinsky and Robb procedure to simulagdistributions. The Krinsky and Robb
procedure is useful for constructing WTP confideimtervals in that it accounts not only for
the population moments of the random parameterilgigions in simulating the WTP
distributions, but also accounts for the standambre and covariances of each of the
estimated parameters. Examination of the plots igesvsupporting evidence for the two
primary hypothesised effects of prospect theorgt thdividuals experience loss aversion, as
well as that they also experience diminishing gesitsi to both gains and losses (resulting,
for models M3 and M4, in the asymmetric s-shape&tional form hypothesised by prospect
theory). Finally, it is also interesting to note ttapability of a specification in WTP space to
contain the spread of the confidence intervals ragothe individual WTP measures. The
result is particularly evident for model M6, whichthe equivalent in WTP space of model
M3. This evidence supports the previously notedaathge of estimating models directly in
WTP space, particularly over models estimated efguence space using non random price
parameters, in avoiding the undesirable compliocatassociated with WTP measures derived
from ratio distributions.

5. Conclusions

This paper has investigated MMNL models estimatedboth preference and WTP space
under various assumptions that are derived undepect theory; namely loss aversion and
diminishing sensitivities to gains and losses. Gbmmparison of the two main approaches was
based on the estimation of three different pairsiotlels. Firstly, we introduced the analysis
by specifying a classic symmetric model which pdexd a basic comparison between models
estimated in preference and WTP space. Secondigra@iog to reference dependence theory,
we specified different parameters for gain and leskies relative to individual specific
reference cases through an asymmetric linear spetodin in both preference and WTP space
models. In the third pair of models, we allowed &@ymmetric nonlinearity in the utility
function using a log transformation of the non-prattributes. The resulting six models were
tested using data collected in Sydney in 2004 withstated choice experiment study aimed
at obtaining estimates of the VTTS for car drivers.

The comparison between models in preference and \8ffdee suggest an overall and
significant improvement in the model fit when thatal are estimated in WTP space rather
than preference space (in both symmetric and asynenepecifications). This evidence
contrasts with previous findings that models estadan WTP space typically produce worse
model fits (see for example, Train and Weeks, 268&sher and Greene, 2009). However,
Scarpa et al. (2008) show that the specificatioWiFP space can statistically outperforms its
equivalent in preference space in a revealed mefer data study. Indeed, results might be
affected by the different nature of the datasetl \{stated versus revealed preference) or even
by the different context of the study. Since ther&ture in discrete choice models estimated
in WTP space is still limited, further studies aeeded in order to support these findings.
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The results obtained from the parameters assocwitidgains and losses are statistically
significant and coherent with loss aversion andimishing sensitivity assumptions, in both
preference and WTP space models. Neverthelessidawgdo the model fits, the symmetric
specifications are preferred to the reference didpere specifications. This is unexpected
since previous studies report increases in the Mitideonsistently with the statistically
significance of the reference dependence spedditat(see for example, Hess et al., 2008;
Masiero and Hensher, 2009). A possible explanatigght be that we do not consider the
cost parameter as asymmetric as in previous stutllafortunately, this constraint was
necessary in order to allow for a full set of congians between preference and WTP space
models using a reference dependence utility spadidin.

Finally, with this paper we provide a further insign the growing topic of discrete choice

models linked to prospect theory assumptions. Euntbre, we show that the combination of
a reference dependence specification with a mod@lTP space increases the plausibility of
the WTP measures and captures the divergence webstWTA and WTP. We encourage

further research in the investigation of modelsWiTP space that could encompass the
considerable potential of a reference dependerildy gpecification.
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