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Abstract
Within the discrete choice modelling literature, there has been growing interest in including
reference alternatives within stated choice survey tasks. Such experiments allow respondents to
choose between the reference alternative and a set of hypothetical alternatives where the attribute
levels are generally pivoted around the attribute levels of the reference alternative. Recent studies
have investigated asymmetric utility specifications by estimating discrete choice models that
include different parameters according to gains and losses relative to the values of the reference
attributes, supporting the prospect theory assumption of loss aversion. In these studies, the
definition of gains and losses is typically expressed in the form of deviations from the reference
values. Nevertheless, it is also possible to specify gains and losses in absolute values without
normalizing for the reference alternative, and hence allowing the parameters associated to the
reference alternative to be estimated.

This paper analyses asymmetric discrete choice models by comparing specifications expressed as
deviations from the reference point and specifications expressed in absolute values. The data used
in the analysis refer to a freight transport stated choice experiment carried out among Swiss
logistics managers and to a stated choice experiment conducted in Brisbane Australia involving
respondents travelling from the city to the airport by taxi. The investigation aims to provide a
better understanding of the role played by the reference alternative in the estimation of
asymmetric models. Furthermore, the paper focuses on the identification of potential significant
differences in the estimates of the marginal rate of substitution across the two asymmetric
specifications proposed.
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1. Introduction
Within the stated choice experiment literature, there has been growing interest in designing
the experiment in respect to the individual reference alternative (Train and Wilson, 2008;
Rose at al., 2008). In this context, respondents are firstly asked to describe a well-experienced
alternative (i.e. a reference alternative) in terms of some predefined attributes. The attribute
levels for all the hypothetical alternatives presented in the choice experiment are then based
on the attribute values of the reference alternative. In particular, the attribute levels of the
hypothetical alternatives are pivoted around the attribute values of the reference alternative
according to positive and negative deviations, either expressed in absolute values or in
percentage changes, previously defined in the experimental design. Most of the reference
pivoted stated choice experiments use to also include a “zero level” in the design of the
hypothetical alternatives, where the attribute associated to the hypothetical alternative takes
the same value of the attribute associated to the reference alternative. The reference
alternative can either be included as an available alternative to choose or not. In particular, for
experiments that include the reference alternative, it is common practice to ask two choices
per each choice task. The second choice applies whenever the reference alternative has been
chosen in the first choice and it forces the choice between the hypothetical alternatives (for
discussions see for example, Brazell et al., 2006; Rose and Hess, 2010).
Recent studies have investigated asymmetric utility specifications (or, more precisely,
reference dependent utility specification) by estimating discrete choice models that include
different parameters according to gains and losses relative to the values of the reference
attributes (see for example, Hess et al., 2008; Lanz et al., 2009; Masiero and Hensher, 2010).
The findings from these studies support the prospect theory assumption of loss aversion
(Kahneman and Tversky, 1979), where negative deviations from the reference attribute value
(i.e., losses) are evaluated more than positive deviations from the reference attribute value
(i.e., gains). Reference dependent model specifications, other than outperform the classic
symmetric model specifications, can capture different estimates of willingness to pay (WTP)
and willingness to accept (WTA) due to their asymmetric nature. In particular, the
identification of loss aversion leads to WTA estimates that are bigger in value than WTP (see
Horowitz and McConnell (2002) for a review about the WTA-WTP discrepancy).
Within the asymmetric utility specification, the definition of gains and losses is typically
expressed in the form of deviations from the reference values and both the utility function for
the reference alternative and the hypothetical attribute values associated to the “zero level” are
normalized to zero (assuming a reference pivoted stated choice experiment that includes both
the reference alternative in the choice set and the “zero level” in the attribute levels setting).
Nevertheless, it is also possible to specify gains and losses in absolute values without
normalizing for the reference alternative, and hence allowing the parameters associated to the
reference alternative to be estimated1, as proposed by Rose and Masiero (2010). In fact, in
defining the prospect theory, Kahneman and Tversky (1979) state that the reference point
should not necessarily be set to zero since it represents the asset position. It is hence
reasonable to estimate both the coefficients associated to the reference values and the
coefficients associated to gains and losses.

1

Deviations from the reference point are then computed in terms of marginal utilities.
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The aim of this paper is to analyse reference dependent discrete choice models by comparing
utility specification expressed as deviations from the reference point and utility specification
expressed in absolute values. Indeed, in a stated choice framework, the way the attribute
levels are shown to the respondent can affect the way in which they will process the
experiment. That is, if the levels are presented as deviations from the reference values the
respondent is probably more willing to think in terms of deviations. On the other hand, if the
attribute levels are presented as absolute values, even in the presence of a reference
alternative, the respondent will more than likely think in terms of absolute values. Therefore,
the comparison between asymmetric models specified in terms of deviations or absolute
values is important in order to understand the specification that needs to be performed in
applications involving reference dependent discrete choice model estimation.
Two empirical data sets are used in the analysis. The first data used in the analysis consists of
a freight transport stated choice experiment carried out among Swiss logistics managers. The
second data set involves a stated choice experiment conducted in Brisbane Australia involving
respondents travelling from the city to the airport by taxi. Both studies involve the choice
between two unlabeled alternatives designed with attributes levels pivoted around the
reference values and “zero level” included, however the former experiment does not allow
respondents to choose the reference alternative (i.e., respondents can only select from the two
hypothetical alternatives), whereas the latter study does (i.e., respondents may select either the
current route or one of the two hypothetical routes). Furthermore, the design setting for the
former study lets the respondents visualize the attributes levels in terms of deviations whereas
in the latter study the attributes levels are presented in absolute values. Using both data sets,
the current investigation aims to provide a better understanding of the role played by the
reference alternative in the estimation of reference dependent discrete choice models.
Furthermore, the paper focuses on the identification of potential significant differences in the
estimates of the marginal rate of substitution across the two asymmetric specifications
proposed.
The paper is organized as follows. Section two describes the stated choice experiments and
the design setting. In section three we provide an overview of reference dependent discrete
choice models distinguishing by the utility specifications proposed in the analysis. The results
are presented and discussed in section four. Finally, in section five we outline the conclusion
and direction for further research.

2. Data
The data refers to a freight transport stated choice experiment conducted among Swiss
logistics managers in 2003 and a stated choice experiment conducted in 2006 among taxi
users travelling from Brisbane metropolitan area to the local airport. The first dataset referred
to the evaluation of relevant service characteristics in freight transport (see Maggi and Rudel,
2008 for details) whereas the second dataset makes use of respondent provided data related to
travel times and costs of a recent taxi trip to the airport in order to construct a route choice
experiment.
2.1. Freight Transport Study
The description of the attributes and attribute levels of the stated choice experiment for the
freight transport study is presented in Table 1. In particular, the freight transport services are
5

Swiss

Transport

Research
September 1 - 3, 2010

Conference

represented by conventional origin-destination services and they are expressed as function of
cost (CHF per transport service), time (hours per transport service), punctuality (percentage of
transport services arriving on time per yearly) and damages (yearly percentage of transport
services which register damages to the goods transported). The hypothetical alternatives
included in the designs of the freight transport choice experiments have been created by
pivoting the cost and time attributes levels around a reference alternative previously described
by the logistics managers. The values for cost and time attributes were then presented to
logistics managers in terms of deviations from the reference values 2 whereas values for
punctuality and damages were presented in absolute values for technical convenience (that is
in order to avoid attributes levels above 100 percent for punctuality and below zero percent
for damages). The levels associated to each attributes in the two datasets are shown in Table
1.
The collection of the data involved face-to-face interviews based on Computer Assisted
Personal Interview (CAPI), where logistics managers were asked to indicate their preferred
alternative in each choice task. Regarding the freight transport data, 35 firms operating in the
food and wholesale sector were represented and a subset of the sample answered to the same
experiment twice, discriminating for inbound and outbound across the two experiments. The
resulting freight transport sample is composed by 60 valid experiments, representing 1200
binary choice observations (20 choice tasks per respondent).
Table 1. Description of the stated choice experiments – freight transport study
Attributes and Levels
Transport Cost (CHF)

-40 %, -20 %, Reference, +20 %, +40 %

Transport time (hours)

-40 %, -20 %, Reference, +20 %, +40 %

Transport Punctuality (%)

96 %, 98 %, 100 %

Damages (%)

6 %, 4 %, 2 %
Design

Experiment

Unlabeled

Alternatives

Alternative A and Alternative B

Reference in Design

Not included

Number of Choice tasks

20

2.2. Airport Taxi Route Choice Study
The second data set consists of a sample of 99 respondents who had recently travelled from
the Brisbane metropolitan area to the airport using a taxi service. Given that it is typical in
Australia for those using taxi services to be asked which route they wish to take, particularly
when their involves a toll, the respondents were presented with a route choice experiment
consisting of the choice between their most recently travelled route (the reference alternative)
versus two new competing routes. Using a face to face CAPI survey instrument, sampled
respondents were first asked about the travel times in terms of various traffic conditions and
costs in terms of fare and any tolls paid for their most recent taxi trip to the airport. Questions
as to how much variation in travel times exist over repeated trips were also asked o each

2

This is common practice in a freight transport choice experiment context given that logistics managers are
familiar with percentage deviations.
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respondent. The information provided was then used to construct 16 choice tasks where the
attribute levels of the reference alternative consisted of the values provided by the respondent
from which the levels of the time and fare cost attributes for the competing routes were
pivoted from. Note that the toll cost attribute of the hypothetical alternatives were not pivoted
from the toll cost of the reference route, despite the fact that a toll may have been paid at the
time the real trip had been taken (the average toll paid for the actual real trip reported in the
data was Au$0.51 with a standard deviation of Au$1.08). The decision not to pivot the toll
cost was taken due to the desire to study specific toll values in the experiment. Independent of
how the levels were constructed, the levels of the attributes for all three alternatives were
presented to the respondents as absolute values, unlike in the freight experiment where they
were presented as deviations from the reference point. In total, 1584 choice observations were
obtained for modelling purposes. The attributes and a description of the experiment are
provided in Table 2.
Table 2. Description of the stated choice experiments – Airport travel study
Attributes and levels
Free flow travel time
Slowed down travel time
Stop/start travel time
Travel time variability (10 - 30 mins)
Travel time variability (30 + mins)
Fare
Toll (10 - 30 mins)
Toll (30 - 45 mins)
Toll (45 + mins)

-20%, 0%, 20%, 40%
-25%, 0%, 25%, 50%
-25%, 0%, 25%, 50%
±0%, ±5%,±10%, ±15%
±0%, ±7.5%,±15%, ±22.5%
-40%, -10%, 0%, 20%, 50%
$0.00, $0.70, $1.30, $2.00, $2.70, $3.40, $4.00
$0.00, $1.00, $2.00, $3.00, $4.00, $5.00, $6.00
$0.00, $1.30, $2.60, $4.00, $5.30, $6.60, $8.00
Design

Experiment
Alternatives
Reference in Design
Number of choice observations

Unlabeled Route Choice
Recent Route, Route A, Rout B
Included
20

In the current context, no statistical differences between the travel time parameters where
found, and hence, the three time attributes were combined into a composite travel time
attribute. Further, the travel time variability parameter was not found to be statistically
significant in any model, and hence was dropped from the analysis. As, such, the final set of
modelled attributes consists of a single time attribute and the fare and toll attributes.

3. Methodology
3.1. Model Specifications
Within the mixed logit model framework, the reference dependent utility function for
individual n associated to alternative j is typically defined according to positive and negative
deviations from the reference alternative values. In particular, in a pair-wise stated choice
experiment that does not include the reference alternative in the choice set (e.g., the freight
transport study in our context), the specification of the systematic part3 of the two utility
functions is defined as follows

3

The unobserved part is assumed to Independent and Identically Distributed (IID) extreme value type 1.
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Vn ( A )  ASCA   k  nk (dec dev ) xk (dec dev )   k  nk (inc dev) xk (inc dev )

Vn ( B)   k  nk (dec dev ) xk (dec dev )   k  nk (inc dev) xk (inc dev )

(1a)

where, xk (dec dev) = max (xef – xk, 0) and Xk (inc dev) = max (x – xref, 0). In a stated choice
experiment that includes the reference alternative in the choice set (e.g., the taxi route choice
study in our context) the specification expressed in (1a) becomes


Vn(j) = ASC j +  k  nk ( dec dev ) xk ( dec dev ) +  k  nk ( inc dev ) xk ( inc dev )


Vn ( ref ) = 0

(1b)

where, xk (dec dev) = max (xref – xk, 0) and Xk (inc dev) = max (xk – xref, 0).
A crucial property of reference dependent models is the possibility to capture loss aversion.
Individuals are loss averse if they evaluate losses more than gains (Kahneman and Tversky,
1979). Therefore, loss aversion is verified if the coefficient associated to losses is greater than
the coefficient associated to gains.
Models in (1a) and (1b) refer to the typical specification proposed in the literature (see for
example, Hess et al., 2008; Masiero and Hensher, 2010). However, this does not exclude that
we can specify the model in absolute values, as argued by Rose and Masiero (2010), and then
computing the difference from the reference point in terms of marginal utilities. In this
context, the utility specifications associated to the freight transport study are defined as
follows


Vn ( A )  ASCA   k  nk (dec abs ) xk (dec abs )   k  nk (inc abs ) xk (inc abs )   k  nk (ref ) X k(ref )

(2a)
V


x


x


X



n ( B)
k
(
dec
abs
)
k
(
inc
abs
)
k(
ref
)

nk
(
ref
)
k nk (dec abs )
k nk (inc abs )
k

where,

xk(dec abs) = (xk if xk < xref, 0 otherwise)
xk(inc abs) = (xk if xk > xref, 0 otherwise)
xk(ref) = (xk if xk = xref, 0 otherwise)

It should be noted that the specification (2a) for a reference pivoted choice experiment that
does not include the reference alternative in the choice set is only possible if the hypothetical
alternatives are unlabeled and if the “zero level” is considered in the design of the
hypothetical alternatives. For an experiment that includes the reference alternative in the
choice set, as the car driver study in our context, the asymmetric specification with the
reference alternative values not normalized and gains and losses expressed in absolute values
is always possible and defined as follows


Vn ( j-1) = ASC j +  k  nk ( dec abs ) xk ( dec abs ) +  k  nk ( inc abs ) xk ( inc abs )


Vn ( ref ) =  k  nk ( ref ) xk ( ref )
where, xk(dec abs) = (xk if xk < xref, 0 otherwise) and xk(inc abs) = (xk if xk > xref, 0 otherwise).
8
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For models specified in (2a) and (2b), loss aversion can easily be proved by taking the
deviations from the coefficients associated to the reference alternative values. In particular,
the marginal utility normalized to zero for the coefficients associated to looses and gains are
as follows

 ( gains )   ( ref )   ( gains Abs )

(3)

 (losses )   ( ref )   (losses Abs )

(4)

As common practice within the mixed multinomial logit (MMNL) models estimation, the
distribution assumed for the random parameters is the normal distribution. The estimate for a
generic random parameter is then expressed as follows

 nk   k   nk

(5)

where ηnk is a random disturbance drawn from a Normal distribution which captures
individual preference heterogeneity.
The estimation of the utility parameters is derived from the maximization of the following
simulated log likelihood:
LLn   n ln

exp( i   k  nk xnsik )
1


s
R r
 j exp( j   k nk xnsjk )

(6)

where s = 1, …, S represent the number of choice situations and hence the panel structure of
the data, and r = 1, …, R refers to the number of draws used for the identification of each
random parameter. In this paper, 500 Halton draws are used4.

3.2 Obtaining individual-specific conditional parameter distributions
The parameters obtained from MMNL models represent population level estimates. Such
parameters, in the form of parameter distributions, do not allow the analyst to easily
determine where any particular individual’s preference lies in the distribution. Fortunately, it
is possible to construct estimates of individual-specific preferences. To do so, the individual’s
conditional distribution based (within-sample) on their observed choices may be derived (see
e.g., Greene et al., 2005; Train, 2009). Estimation is undertaken through simulation to
produce maximum simulated likelihood estimates for the conditional mean for each random
parameter, as given in Equation (7).

4

See Train (2009) for details about Halton draws.
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j

exp( j   k  nk xnsjk )

exp( i   k  nk xnsik )



j

,

(7)

exp( j   k  nk xnsjk )

where  nkr is the parameter obtained from the rth draw.
The approach in Equation (7) can also be used to estimate the conditional variance of  n by
Equation (8).

var(  nk )     nk  E (  nk )  .
2

(8)

r

The estimated conditional variance will be smaller than the average variance obtained simply
by computing the sample variance from the estimated conditional means, as the latter is
averaged over all the data in the sample while the former is averaged with respect only to the
data for individual n (see Greene et al., 2005; Train, 2009).
3.3 Deriving willingness to pay and willingness to accept measures
The derived WTP and WTA measures from models (1a), (1b) and (2a), (2b) are estimated as
follows

WTP 

 nk ( gains )

; WTA  nk (losses ) ,
cos t (losses )
cos t ( gains )

(9)
where we use the means of the conditional parameter distributions obtained from Equation (7)
in the numerator and fixed parameter estimates for the costs.
The stated choice experiment used in the second data set involved two separate cost attributes.
To calculate the WTP measures for the reference alternative, a weighted average cost
parameter was calculated using Equation (10).
WA(Cost ) 

 rc xrc +tc xtc 
 xrc +xtc 

(10)

where  rc and  tc are respectively the running cost and toll cost parameters, and xrc and xtc the
associated attribute levels. Similar weighted average cost parameters were calculated for gains
and losses so as to be able to compute the WTP and WTA measures given in Equation (10).

4. Model results
In this section we present the results obtained for the two reference dependent specifications,
(1a) and (2a) for the freight transport dataset and (2a) and (2b) for the car drivers dataset,
respectively. For each model we calculated the willingness to pay (WTP) and willingness to
10
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accept (WTA) measures estimated from the sample conditional mean. The comparison
between the two specifications proposed is based on the model fits’ indicators which include
the log-likelihood at convergence, the Akaike’s Information Criterion (AIC) and the
McFadden ρ2.
4.1. Freight Transport Study
Model results for the freight transport study are reported in Table 3. The first reported model
(M1a) refers to the reference dependent model specification obtained according to positive
and negative deviations from the reference alternative attributes values. The second model
(M2a) refers to the model specified without normalizing the reference values and keeping the
attributes levels associated to gains and losses in absolute values.
Within the two models, the estimation of both the alternative specific constant and the
coefficient associated to the damages experienced by the transport service are treated the same
way. In particular, the alternative specific constant has been estimated for the alternative that
was firstly visualized by the respondents, that is the first alternative from left to right in the
choice task (alternative A), in order to check for the non-trading choice problem (see Hess et
al., 2010 for details). However, for both models M1a and M2a, the alternative specific
constant is not significantly different from zero excluding any inconsistent behaviour among
respondents. The coefficient associated to the attribute reflecting the damages to the transport
service has been set non-random and does not distinguish between gains and losses since for
almost every logistics managers the reference values for damages is zero. For both models
M1a and M2a, the coefficient associated to damages is negative as expected (i.e. the utility
decrease as the damages increases).
The parameter estimates associated to gains and losses (and to reference values for model
M2a) for time and punctuality attributes are assumed to be normal distributed whereas the
coefficients associated to cost attribute are assumed to be fixed in order to avoid inconsistent
estimates of marginal rate of substitutions (for a discussion see Revelt and Train, 2000). The
mean estimates are in line with the expectation where coefficients associated to gains (time
and cost decrease and punctuality increase) are positives and coefficients associated to losses
are negatives (time and cost increase and punctuality decrease). For model M2a, this is not
directly observable since the reference value is not zero but the coefficient associated to the
reference attribute value itself. However, we could calculate the gains and losses around the
reference values estimates according to Equations (3) and (4). In particular, we register an
increase of the marginal utility associated to gains of 0.00027, 0.01408 and 0.00065 for cost,
time and punctuality, respectively. On the losses domain we register a decrease of the
marginal utility of -0.00068 for cost, -0.00224 for time and -0.00024 for punctuality. The
coefficients’ means associated to the reference values, estimated in model M2, are coherent
that is negative for cost and time and positive for punctuality, and significantly different from
zero, cost and punctuality at an alpha level of 0.05 whereas time at an alpha level of 0.15.
Loss aversion is verified, in both models M1a and M2a, for coefficients associated to cost,
and for time attributes in model M1a, whereas the coefficient associated with the punctuality
attribute does not capture any asymmetry.
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Table 3. Model results for freight transport study
M1a
M2a
Deviations
Abs Values + Ref
Par.
(t-ratio)
Par.
(t-ratio)
Means for Random and Non-Random parameters
ASC Alternative A
0.0481
(0.54)
0.0758
(0.90)
Damages
-0.4975
(-13.08)
-0.4709
(-13.17)
Cost decrease Dev.
0.0034
(5.81)
Cost decrease Abs.
-0.0021
(-1.95)
Cost increase Dev.
-0.0057
(-8.46)
Cost increase Abs.
-0.0031
(-5.08)
Time decrease Dev.
0.0597
(1.72)
Time decrease Abs.
-0.0261
(-0.74)
Time increase Dev.
-0.1022
(-2.76)
Time increase Abs.
-0.0424
(-2.15)
Punctuality decrease Dev.
-0.3217
(-3.51)
Punctuality decrease Abs.
0.2985
(4.88)
Punctuality increase Dev.
0.3435
(3.18)
Punctuality increase Abs.
0.2994
(5.07)
Cost Reference
-0.0024
(-3.04)
Time Reference
-0.0402
(-1.62)
Punctuality Reference
0.2987
(4.99)
Standard deviations for Random parameters
Time decrease Dev.
0.0970
(2.26)
Time decrease Abs.
0.0329
(1.76)
Time increase Dev.
0.1310
(2.25)
Time increase Abs.
0.0509
(3.03)
Punctuality decrease Dev.
0.5308
(5.59)
Punctuality decrease Abs.
0.0063
(2.41)
Punctuality increase Dev.
0.4681
(4.42)
Punctuality increase Abs.
0.0104
(4.17)
Time Reference
0.0480
(3.33)
Punctuality Reference
0.0020
(0.40)
WTP measures - conditional sample means
Travel Time
10.70
8.50
Punctuality
62.46
98.13
WTA measures - conditional sample means
Travel Time
29.95
21.24
Punctuality
90.55
141.86
Symmetric WTP measures for reference alternative - conditional sample mean
Travel Time
16.84
Punctuality
125.94
Model fits
Number of Observations
1200
Log-L Restricted
-831.776
Log-L at Convergence
-511.93
-535.03
Number of Parameters
12
17
AIC normalized
0.8732
0.9200
ρ2
0.3845
0.3317
Adj. ρ2
0.3783
0.3221

Comparing the two models in terms of model fits, we observe that model M1a obtains a
bigger log-likelihood at convergence even though model M2a includes more parameters,
12
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those associated to the reference alternative values, respectively. The better specification of
model M1a is confirmed by the AIC index5 which is lower for M1a than for M2a and also by
the significant increase registered by the ρ2 which increases from 0.33 for model M2a to 0.38
for model M1a.
Looking at the WTP and WTA measures, we observe that the estimates derived from models
M1a and M1b are in line with a previous study in a freight transport context, especially for the
travel time attribute (see Masiero and Hensher, 2010). However, comparing the two models
we register some differences. In particular, with respect to model M1a, models M2a indicates
slightly lower estimates for WTP and WTA for travel time and significantly greater estimates
for WTP and WTA for punctuality.
4.2. Taxi Route Choice Study
Model results for the taxi route choice study are reported in Table 4. As with the first study,
two models are presented. The first model (M1b) refers to the reference dependent model
specification. The second model (M2b) refers to the model specified without normalizing the
reference values and keeping the attributes levels associated to gains and losses in absolute
values.
Two ASC terms were estimated in both models, one each for the two hypothetical
alternatives. As with the freight study models however, the ASC terms are not statistically
significant in either model, suggesting that the means of the unobserved effects for all
alternatives are not statistically different from one another. Also, similar to the freight study,
we have treated the cost parameters as non-random, thus avoiding issues of having to take the
ratios of two unconstrained distributions (see Daly et al., 2010). As such, only the time
parameters were treated as random parameters assuming a Multivariate Normal distribution.
Examining model M1b, the parameters associated with increased attribute levels relative to
the base alternative are all statistically significant whereas the mean time and toll decrease
parameters are not statistically significant. For the time parameter, this may be partly
explained by the fact that the pivot levels were not symmetrical around zero percent, with
more levels representing higher percentage deviations on the increase side than for a decrease
in travel time. As such, respondents were exposed more often to increased travel times than
decreased travel times, which may explain why they were more sensitive to increases than
decreases. Likewise, the low average for the reference alternative toll cost is indicative of the
fact that in reality, the majority of trips to the airport did not use a toll route, and hence, the
bulk of respondents observed more increases in toll cost than decreases. Both decreases and
increases in fare are detected in the model. Unlike the toll cost and time attributes, the fare
attribute, whilst not perfectly symmetrical around zero percent deviation, has a wider range of
negative deviations than the other attributes. This suggests that in order to detect the desired
effects, symmetrical deviations around zero percent may be required, or if not possible, a wide
range of both positive and negative deviations should be used.

5

The lower the AIC index is, the better the model fits the data.
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Table 4. Model results for taxi route choice study
M1b
Deviations
Par.
(t-ratio)

M2b
Abs Values + Ref
Par.
(t-ratio)

Means for Random and Non-Random parameters
ASC Route A Alternative
0.0185
(0.10)
-0.5674
(-1.05)
ASC Route B Alternative
-0.0614
(-0.34)
-0.5694
(-1.06)
Time decrease Dev.
0.1226
(1.76)
Time decrease Abs.
-0.0261
(-2.69)
Time increase Dev.
-0.1600
(-7.94)
Time increase Abs.
-0.0612
(-8.48)
Fare decrease Dev.
0.1983
(15.62)
Fare decrease Abs.
-0.1692
(-12.89)
Fare increase Dev.
-0.1044
(-7.92)
Fare increase Abs.
-0.1786
(-18.70)
Toll decrease Dev.
0.1549
(1.22)
Toll decrease Abs.
-0.0993
(-1.81)
Toll increase Dev.
-0.0860
(-2.34)
Toll increase Abs.
-0.3341
(-2.61)
Reference Time
-0.0591
(-3.58)
Reference Fare
-0.1741
(-8.77)
Reference Toll
-0.3962
(-1.69)
Standard Deviation for Random Parameters
Time decrease Dev.
0.3254
(4.18)
Time decrease Abs.
0.0112
(0.94)
Time increase Dev.
0.1359
(8.02)
Time increase Abs.
0.0279
(6.33)
Reference Time
0.0621
(8.65)
WTP measures - conditional sample means
Time
$0.78
$0.14
WTA measures - conditional sample means
Time
$1.33
$0.33
Symmetric WTP measures for reference alternative - conditional sample mean
Time
Number of observations
Log-L Restricted
Log-L at Convergence
Number of parameters
AIC Normalized
ρ2
Adj. ρ2

Model fits

$0.34
1584
-1740.2019

-977.9970
10
1.2475
0.4380
0.4344

-929.9326
26
1.1918
0.4656
0.4567

Model M2b, which utilises the absolute values shown to respondents in modelling as opposed
to the deviations from the reference alternative, provides a superior model fit for the data
relative to model M1b, even after accounting for the increase in the number of parameters
estimated due to the inclusion of reference specific attributes. In this model, both increases
and decreases in time were found to have statistically significant impacts with increases in
travel time relative to the reference alternative having a larger magnitude than decreases. This
supports the hypothesis of asymmetrical preferences for gains and losses, at least for the time
attribute. In terms of the fare attribute, both gain and loss effects relative to the reference
alternative where also found within the data, although the differences in magnitudes are not as
pronounced as with the time attribute. For the toll parameter however, only the parameter
14
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associated with increased tolls was found to be statistically significant, again reflecting the
fact that within the data, very few actual trips used a tolled route and hence, not many
observations have decreased tolls.
Examining the WTP and WTA values from the two models, as with the freight study, the
WTA values are larger in magnitude than the WTP values. However, unlike the freight study
which showed mixed results in terms of which model produced the larger values for the
attributes, here model M1b which used the deviations rather than the absolute values in
estimation produces both larger WTP and WTA values for time. Thus, whilst the ratio of
WTA to WTP for model M1b is 1.71 compared to 2.36 for model M2b, the WTP for model
M1b is 5.58 times larger for model M1b than it is for model M2b ($0.78 compared to $0.14)
whilst the WTA for model M1b is 4.03 times larger for model M1b to model M2b ($1.33
compared to $0.33). Nevertheless, direct comparisons between the values reported from the
two models should be taken with care. For example, consider a trip for which the travel time
will increase from 10 minutes to 15 minutes. Under model M1b, on average, respondents
would be willing to pay Au$3.90 (5×Au$0.78) to avoid the additional five minutes. In model
M2b however, the WTP is calculated for the entire 15 minute journey and is thus worth
Au$2.10 (15×Au$0.14). Thus, the ratio in this scenario between the WTP values for M1b to
M2b would be 1.85. Changing the scenario to a trip of 20 minutes or an increase of 10
minutes changes the WTP values for models M1b and M2b to $7.80 and $2.80 respectively,
or a ratio of 2.79.

5. Conclusions
This paper has investigated asymmetric discrete choice models by comparing specifications
expressed as deviations from the reference alternative values and specifications expressed in
absolute values. The data used in the analysis refer to a freight transport stated choice
experiment carried out among Swiss logistics managers and to an airport taxi route stated
choice experiment conducted in Brisbane Australia. In particular, the design setting for the
former study lets the respondents visualize the attributes levels in terms of deviations whereas
in the latter study the attributes levels are presented in absolute values. The two asymmetric
model specifications have been tested across the two empirical datasets. In particular, the
asymmetric model specified in terms of deviations involved the normalization to zero of the
reference alternative values whereas in the model specified in terms of absolute values the
coefficients associated to the reference alternative attributes values were free to be estimated.
The results suggest an interesting finding. In particular, for the freight transport study the
specification in terms of deviations is preferred to the specification in terms of absolute values
whereas for the airport taxi route choice study the specification in terms of absolute values
obtained the best model fits. This is in line with the hypothesis that the way the attribute
levels are shown to the respondent affect the respondent rational. Furthermore, we observed
significant difference on the WTP and WTA estimates obtained from the two model
specifications.
Based on our results, the selection of the appropriate asymmetric model specification should
be based on the type of the stated choice experiment. In particular, stated choice experiments
that present the attributes values to the respondents in terms of deviations should normalize to
zero the reference alternative values and express the specification according to deviation
values. On the contrary, stated choice experiments that show the attribute values in terms of
absolute values should include the reference attribute values into the model specification
15
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without normalizing it and estimate the marginal utility associated to the attributes values
expressed in absolute values.
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