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Summary

To determine whether an investment in an infrastructure project, e.g. a new train track, is worthwhile
often a cost-benefit analysis is used. This cost-benefit analysis (CBA), as conceived by Dupuit (1844)
is used to determine whether the benefits of a particular investment outweigh the costs. In the context
of infrastructure projects, the largest benefits are often the travel time savings as a result of a shorter
travel time for the (new) users of that piece of infrastructure. To trade off the monetary costs required
to build e.g. the railroad and the travel time savings one needs a ”conversion factor”. This factor is
referred to in practice as the value of travel time (V TT ). Since governments have limited resources for
infrastructure projects, accurately determining the V TT helps prioritize projects that deliver the greatest
societal benefits.

In practice, this V TT is often determined through discrete choice experiments (DCE). In a DCE
a respondents are asked to make trade-offs between time, money and other attributes. Through the
estimation of a mathematical model, one can extract the V TT . However one can imagine that making
this tradeoff is somewhat different for respondents who are normally reimbursed for their travel cost.
These respondents normally do not have to consider costs, or part of them, in their day-to-day travel
decisions. Therefore their value of travel time might be different. If such a difference exists one would
want to take this into account when calculating national V TT averages. Thus the research question is:

To what extent does a travel cost reimbursement affect the value of travel time?

We investigate the impact of travel cost reimbursement (TCR) on the value of travel time (V TT )
using both the NL2022 (Netherlands) and UK2014 (United Kingdom) datasets. We hypothesise three
mechanisms which could cause a V TT difference: whether TCR influences the V TT directly, if respon-
dents with a TCR make less consistent choices, and if these respondents exhibit a higher willingness
to accept (WTA) compared to those without TCR. Utilizing Multinomial Logit (MNL) and Mixed Logit
(ML) models, we analyse the effect of receiving TCR on the V TT while allowing for discrete scale
heterogeneity. Furthermore, by considering the respondents’ reference situation, we seperate a TCR
interaction on the V TT into willingness to accept (WTA) and willingness to pay (WTP) components.
The models developed for this research account for socio-economic interactions and ensure that the
findings are robust across different experimental setups.

The results indicate that commuter respondents, in the NL2022 dataset, with a full Travel Cost Re-
imbursement have a V TT which was approximately 29% - 45% higher compared to respondents who
do not receive a reimbursement. The same type of respondents in the UK2014 dataset exhibit a V TT
which was approximately 58% - 143% higher. This effect is significant and consistent for experiments
in which only time and cost were presented as attributes of the alternatives. As the number of attributes
in the choice task increases the difference in V TT is no longer significant. Furthermore, we are unable
to discover any consistent patterns regarding scale heterogeneity between the V TT for nTCR and
TCR respondents. Therefore we cannot accept our hypothesis that respondents who receive a travel
cost reimbursement make less consistent choices. Moreover, the interaction with the V TT was more
predominant in the WTA domain compared to the WTP domain. However, the model which took this
into account did not perform statistically better in terms of model fit compared to a model which only
allowed for equal TCR interaction on both the WTA and the WTP quadrant.

We conclude that the V TT is significantly different for commuting travellers when receiving and not
receiving a travel cost reimbursement. However, these changes cannot be explained through scale
heterogeneity or a WTA, WTP disparity. We argue that national V TT values should take travel cost
reimbursement into account as national V TT values are in practice based on the 2-attribute time-cost
experiments.
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1
Introduction

To determine whether the investment in an infrastructure project, e.g. a new train track, is worthwhile,
governments often use a cost-benefit analysis. This cost-benefit analysis (CBA), as conceived by
Dupuit (1844) is used to determine whether the benefits of a particular investment outweigh the costs.
In the context of infrastructure projects, the largest benefits are often the travel time savings as a result
of a shorter travel time for the (new) users of that piece of infrastructure (Romijn & Renes, 2013). To
balance the monetary costs of e.g. building a railroad, against the benefits of travel time savings, a
’conversion factor’ is used to quantify the value of those time savings. This factor, known as the value
of travel time (VTT), is expressed in euros per hour. By multiplying the travel time benefits with this
VTT one can associate a monetary value with the travel time benefits. Since governments have limited
resources for infrastructure projects, accurately determining the VTT helps prioritize projects that deliver
the greatest societal benefits.

The trivial way to determine this VTT would be to ask people directly, ”What are you willing to pay
to shorten your journey by 1 hour?”. However, people are not ”programmed” to explicate the way
we make choices. This is also empirically proven in for example location research into refugee camps
(Liebe et al., 2018). When people are asked whether to explicate their choices they tend to give socially
desirable answers. In this example by Liebe et al. (2018), respondents initially stated their willingness to
welcome refugees. However, when given the opportunity to choose between different policies varying
the number of refugees near their homes, their actual choices revealed a far lower willingness than
previously expressed. On top of that, economic theory (McFadden, 1973) is based on what people do,
thus what choices they make, not on their judgements. Therefore, in practice and academics, there are
two methods to determine the VTT. Revealed preference (RP) as conceived by Samuelson (1938) and
stated preference (SP) as introduced by Louviere and Hensher (1983) and Louviere and Woodworth
(1983).

RP uses real-world travel behaviour to determine the VTT. The underlying principle is to observe
the travel routes people take and construct hypothetical alternative travel routes for each person. This
creates a choice which can be used to determine how people value travel time. The advantage is that
the analyst knows a lot about the context in which a choice is made. Context such as; weather, conges-
tion, time of day etc. can easily be observed in revealed preference studies. However, the attributes,
travel time, travel cost, reliability, comfort etc which the individual uses to determine their choices are
not known to the analyst and must therefore be assumed. These variables can be measured but as
these often correlate heavily with one another, called multicollinearity, it is difficult to attribute a choice
to a specific variable. For example, in real life, a route choice is often quicker but also cheaper. There-
fore it is in practice difficult to know exactly whether the respondent made his route choice based on
the journey being cheap or on being quick. Furthermore, all of the options, thus the number of possible
routes in the choice set are also not known to the analyst.

To overcome these drawbacks researchers can turn to stated preference (SP). Here, respondents
(people who answer the questionnaire) are presented with hypothetical choice situations which can be
fully controlled by the researcher. One example of such a choice set is shown in Figure 1.1. Here
respondents are asked to make a tradeoff between travel cost and travel time. One of the options is
cheaper but slower, the other one is quicker but more expensive. Furthermore, contrary to RP, in SP

1
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the alternatives (choice options) and the number of attributes (characteristics) can be fully controlled
by design. It is thus possible to present respondents with choices which they normally are not able to
make in real life. These characteristics make SP a popular method to determine the VTT and are one
of the reasons this method is used in the Netherlands. (Kouwenhoven et al., 2022)

Figure 1.1: Example of a stated preference choice set from Kouwenhoven et al. (2022)

To calculate the VTT, from an SP study, one needs to present respondents with variations of a
choice task as in Figure 1.1. This is done by changing the travel time and the travel costs. Thereafter,
the researcher can calculate the value of travel time by analysing the choices using a mathematical
model. The most popular in practice and acclaimed in science is the multinomial logit model (MNL) as
conceived by McFadden (1973). It is rooted in the economic framework of utility maximisation. Utility,
in economics, refers to the satisfaction or benefit that consumers derive from consuming goods or
services. This framework postulates that consumers aim to maximise utility by choosing the goods
or services that provide the most utility to them, taking into account their individual preferences and
constraints. The exact theory needed to calculate this VTT is covered in chapter 2.

One can imagine that making this tradeoff could potentially be somewhat distanced for respondents
who receive a travel cost reimbursement (TCR). These respondents suddenly have to take costs into
account, which they normally might not or only partially. Travel costs might not show up in their bank ac-
count and it often does not impact their monthly expenses. Therefore, if such a respondent bases their
choices on their usual day-to-day travel decisions, their VTT could be significantly higher as compared
to respondents who have to pay for the travel costs themselves. As an impressive 80% of employees
in the Netherlands receive some form of travel cost reimbursement, the number of people in the popu-
lation to whom a different VTT might apply is extensive (Bachaus, 2023). It would therefore be relevant
to evaluate whether the VTT for respondents with and without a travel cost reimbursement differs in-
deed, as the VTT is one of the most important parameters in allocating money to projects which yield
the greatest societal benefits. This relationship is, to the author’s knowledge, not yet covered in the
scientific literature, as will be elaborated on in section 1.1.
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1.1. Research Gap
As was stipulated above the focus of this study is to investigate whether respondent travel cost reim-
bursement impacts the value of travel time. In this section, this aim is analysed by synthesising the
body of scientific knowledge. We therefore aim to pinpoint the ”edges” of the research gap. Do note
that the full literature review is saved for chapter 2. Only the literature strictly necessary to understand
the hypotheses is discussed here.

To postulate hypotheses we first briefly examine the literature on travel cost reimbursement and
travel behaviour. Many different forms of reimbursement have been examined. Some are incentivizing
travel through a financial bonus, (Baldassare et al., 1998; Bueno et al., 2017) others penalizing some
form of travel through a financial penalty. (Baldassare et al., 1998; Evangelinos et al., 2018; Raux
et al., 2015) All aim to quantify the effects of some policy on respondent preferences. A good example
is provided by Bueno et al. (2017) who investigated the relationship between commuter benefits and
transportation mode choice. They found that benefit programs designed to encourage walking, cycling,
and using public transport were effective in increasing the use of these modes of transportation. One
interesting finding is that all studies focus on some form of reimbursement scheme andmode-choice be-
haviour. None of these articles review to what extent a travel cost reimbursement could impact the VTT.

We must therefore turn to the behavioural sciences to establish a line of reasoning. We argued
earlier that respondents who normally are reimbursed for their travel costs might base their choices
partially or fully on their reimbursed reference situation. If respondents with a TCR base their choices
on their reference situation we would thus expect them to more frequently choose the more expensive
option because cost is of less, or no, importance in their reference situation, therefore increasing their
VTT. The size of the potential difference will thus be dependent on the extent to which these respondents
base their choices on their “normal reimbursed” situation. Why respondents would base their decisions
on their reimbursed situation is discussed in chapter 2.

This culminates in the first hypothesis; We hypothesise that respondents with a travel cost reim-
bursement will have a significantly higher VTT as compared to respondents who do not receive a travel
cost reimbursement.

Additionally, there might be other behavioural mechanisms which could cause respondents with a
travel cost reimbursement to alter their choice behaviour and therefore indirectly affect the VTT. Re-
spondents with a travel cost reimbursement might have a lower choice task motivation because their
choices normally have no direct consequences in real life. This is called lack of payment consequen-
tiality (Zawojska et al., 2019) or lack of budget constraints (Ding et al., 2005). From the point of view
of the respondent, this in essence means that they feel like; ”I don’t really care about these choices
as my travel costs are reimbursement anyhow.” Therefore they could exert less cognitive effort when
making choices. It has been shown that less cognitive effort and choice task motivation could lead to a
lower choice consistency (Jang et al., 2022; Swait & Adamowicz, 2001). Choice consistency in its turn
can bias model parameters (Chen et al., 2016). The reasoning is that a higher degree of randomness
in the choices can be captured as a lesser degree of importance of the model parameters, therefore
lowering the VTT. As such, a lower degree of choice consistency for respondents with a travel cost re-
imbursement could indirectly lower the VTT, whilst in essence, the VTT might actually be higher. This
effect could therefore also dampen the direct effect postulated in Hypothesis 1. The exact workings of
how choice consistency can bias model parameters is left to chapter 2. Furthermore, other potential
behavioural mechanisms are also discussed in chapter 2.

This culminates in our second hypothesis; We hypothesise that respondents with a travel cost
reimbursement make less consistent choices as compared to respondents without a travel cost reim-
bursement.

There is a third way, a third hypothesis, through which travel cost reimbursement could impact
the VTT. It might be possible that respondents with a travel cost reimbursement reasonably assume
that cost levels up to their reference costs are reimbursed and costs above their reference level are
not. This assumption is not unreasonable when one considers that there are many forms of travel cost
reimbursement which are fixed at a certain limit. If this assumption echoes through in their choices, they
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will opt more often for the more faster but expensive route if the costs are below their reference, and
they will more often choose the cheaper but slower route whenever the costs are above their reference
costs. This would thus imply two different values for the VTT. We provide a visual interpretation in
Figure 1.2.

Figure 1.2: Visual representation of Hypotheses 3. Indifference curves for a two-attribute time, money trade-off. The graph is
centred on the reference travel time and travel costs of the respondents. ∆T and∆C respectively denote the time and the cost

difference relative to the respondent’s reference time and cost levels.

The upper left quadrant in Figure 1.2 provides information on the willingness to pay (WTP) to save a
certain amount of travel time. The lower right quadrant provides information on the willingness to accept
(WTA) a certain deterioration in travel time. Whenever the WTA and the WTP are equal the logical
result is indeed a straight indifference curve. An indifference curve is sometimes also referred to as
an iso-utility curve. Every point on this curve thus has the same utility. This implies that a respondent
is equally likely to choose between any two options which are on the indifference curve. Whenever
modelling results are discussed one can ”translate” this discontinuity into a difference between the
”willingness to pay” (WTP) and the ”willingness to accept” (WTA).

Do observe that the discontinuity in Figure 1.2 as described above is also present for respondents
without a reimbursement. This discontinuity at ∆T = 0,∆C = 0 is referred to as a sign effect in the
choice modelling literature(Hess et al., 2007). It is often explained through the behavioural phenomena
known as loss aversion(Tversky & Kahneman, 1991). This sign-effect is well documented and it ap-
pears in both scientific (Hess & Train, 2017a) and applied work (Kouwenhoven et al., 2022). However,
as also visualised Figure 1.2 we argue this well-known discontinuity might very well be more prominent
for respondents with a reimbursement as compared to respondents without.

To summarise our third hypothesis; We hypothesise that respondents with a travel cost reimburse-
ment have a significantly higher willingness to accept (WTA) as compared to respondents without a
travel cost reimbursement.

It is important to state that these hypotheses are all stated under the condition that all other variables
are equal, ceteris paribus. This naturally poses a challenge for model development to ensure other ef-
fects are accounted for. Therefore the mathematical formalisation of the hypotheses is preserved for
chapter 2.

Let’s for a moment assume that it does turn out that respondents with a travel cost reimbursement
have a significantly higher VTT. Would that imply that these respondents have a value of travel time
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which is ”wrong”? Not necessarily, a stated choice experiment is designed to reveal respondents’
preferences. It might very well be the case that respondents who receive a travel cost reimbursement
do have different preferences as compared to respondents who are not reimbursed for their travel
costs. Researchers aim to establish a model, based on theory, which explains the observed choices
the best. Unless proven otherwise we must assume that a potential difference is a true reflection of
respondent preferences. However, that does not mean that the results of this study are irrelevant.
On the contrary, whenever the results indicate a significant VTT difference between reimbursed and
non-reimbursed respondents, a change in national average VTT metrics could be justified. Therefore
potentially changing the outcome of societal cost-benefit analysis.
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1.2. Goal & Research Question
Thus to further understand the relationship between travel cost reimbursement and the value of travel
time the author aims to answer the following research question:

”To what extent does a travel cost reimbursement affect the value of travel time?”

The sub-questions are presented below following the previously stated hypotheses. chapter 2 fur-
ther elaborates on the necessary theory and relevant literature for each of these sub-questions.

1. For whom and for which attribute types does a travel cost reimbursement impact the V TT?
2. Do respondents with a travel cost reimbursement make less consistent choices?
3. Does a travel cost reimbursement impact the WTP and the WTA differently?
4. To what extent do sign effects and choice consistency explain an effect of TCR on the V TT?
5. What is the impact of the findings on national cost-benefit analysis?

By answering this research question and its subquestions the contribution to the literature is three-
fold: It will potentially provide analysts tasked with calculating value of travel time metrics grips on how
to take travel cost reimbursement effects into account. Secondly, it will provide researchers insight into
the choice behaviour of respondents with a travel cost reimbursement. Lastly, it could further inform
policymakers about the effects of travel cost reimbursement and how it changes people’s preferences.

We tested our hypotheses on the Dutch national (Kouwenhoven et al., 2022) value of travel time
study and the UK national (ARUP, 2015) value of travel time study. These studies both documented
whether or not a respondent received a travel cost reimbursement. As we a priori expected potential
effects to be small, the large sample sizes of these studies were deemed to be of use. Secondly,
these studies can both be subdivided into multiple sub-studies, which varied the number of attributes.
This enabled us to test the hypotheses across these sub-studies and therefore allow for a more varied
analysis and generalize the results to a greater extent.

Furthermore, these two datasets enabled us to evaluate the hypotheses for two different types of
instructions. Respondents for the NL2022 dataset were instructed to ignore their reimbursement and
make choices as if they had to pay out of their own pocket. The UK2014 survey instructed respondents
to take a travel cost reimbursement into account if applicable.

To generalize the results as much as possible we aimed to develop both Multinomial- (McFadden,
1973) andMixed Logit models (McFadden & Train, 2000). Furthermore, non-parametric and parametric
analyses had to be performed to ensure that the travel cost reimbursement parameters did not capture
any other socioeconomic effects. Testing the statistical significance of the final model parameters,
enabled the evaluation of possible reimbursement effects. The specifics of the methods are elaborated
in chapter 4.

1.3. Structure
This report is structured as follows; In chapter 2 the necessary literature and theory are presented to fully
understand the hypotheses which are formalized in chapter 3. Subsequently, in chapter 4 the method
to test these hypotheses is discussed. This Method chapter covers the model development process,
the data samples used, model estimation and finally model application on a case study. Thereafter
chapter 5 discusses the results structured around the hypotheses and ends with the model application
results on the case study. The findings are discussed and summarized in chapter 6 and discusses sub-
sequently the; methodological implications, policy implications, limitations and suggestions for further
research.

An expert reader could opt to start at the hypotheses in chapter 3 as they are already familiar with
the theory discussed in chapter 2. Non-expert readers can also choose this approach and go back to
the theory whenever they are missing background information.



2
Theory

This chapter covers all the necessary theories to understand the hypotheses in chapter 3, it starts with
the fundamentals, the V TT and Travel Cost Reimbursement. The concepts thereafter build on these
fundamentals. Firstly, we provide a brief literature review on travel cost reimbursement and the value
of travel time. The aim of the literature review was to identify a literal research gap. Furthermore, as
stated in chapter 1, this body of literature is limited; therefore, this section is relatively short. Secondly,
we define what the Value of Travel Time is from a microeconomic viewpoint, how it can be retrieved and
how it is calculated. Thirdly, we define what travel cost reimbursement entails in the Netherlands and
the UK. The goal here is to understand what it practically means when a respondent states that they
receive a travel cost reimbursement, aiding our understanding of the behavioural foundations. Fourthly,
we discuss the interpretation of the scale parameter and its link with choice consistency. Both scientific
literature and a brief synthetic demonstration are used as evidence of its relevance to the value of travel
time (VTT). Lastly, we elaborate on the behavioural notion of loss aversion and its empirical counterpart,
the sign effect, and why they are relevant to the VTT.

7
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2.1. Literature Review
The purpose of the literature review was to identify a research gap, thus to evaluate to what extent
a relationship between the value of travel time and travel cost reimbursement had been investigated.
The method used to identify relevant papers was as follows; First, based on informal expert talks at
Significance relevant concepts were identified. These talks culminated in the search query which was
used:

("stated preference" OR (choice AND experiment)) AND (
(travel AND allowance)
OR (travel AND expenses AND reimbursement)
OR (employer AND paid)
)

Variations on this query were also tested but did not yield more relevant results. On the 28th of
March, this query resulted in 15 documents on the Scopus scientific search engine. The papers, result-
ing from the search query, were scanned and irrelevant papers were discarded. The remaining papers
were read thoroughly and provided a basis for further snowballing. The final selection of papers is
presented in Table 2.1. Do note that the objective of this review was to identify the research gap. The
behavioural literature to support the hypotheses are covered in the next sections.

Table 2.1: Summary of studies on financial bonuses/penalties to impact travel behaviour.

Reference Retrieved Type of model Topic

(Evangelinos et al., 2018) query MNL Pricing workplace parking via cash-out:
Effects on modal choice

(Baldassare et al., 1998) query Regression Suburban attitudes toward policies
aimed at reducing solo driving

(Farahmand et al., 2021) query ML MaaS for TDM
(Bueno et al., 2017) query MNL The relationship between commuter

benefits and mode choice
(Bachaus, 2023) snowballing - Policy analysis of tax-free travel cost re-

imbursement in the Netherlands

Literature Synthesis
The current body of research into travel cost reimbursement logically focuses on means to initiate a
modal shift away from the car (Baldassare et al., 1998; Bueno et al., 2017) and not on the impact
on the value of travel time. This is of course to be expected as the need to stimulate a model shift
is arguably an urgent topic in the context of climate change. Nonetheless, analysis of the effects of
financial bonuses or penalties on mode choice behaviour can shed light on the choice behaviour of
respondents who receive a travel cost reimbursement.

The first general observation is that different forms of travel cost reimbursement or extra travel cost
payments have been the topic of investigation.

Evangelinos et al. (2018) has researched the impact of an increase in travel costs through a work-
place parking scheme. One of the main takeaways was that an increase in workplace parking prices
has a significant effect on car mode-choice probability. The underlying mechanism which was used in
this study was rather clever. Respondents were presented with an option of receiving money if they
were to give up their parking place. This ensured that respondents did not interpret the scheme as
”taking away their parking places” but rather as a bonus when they chose not to take the car. These
findings are in line with the observations of Baldassare et al. (1998). They noted that a reimbursement
(a financial bonus) yields a greater likelihood of changing respondents’ mode choice as compared to a
financial penalty.

Bueno et al. (2017) came to similar conclusions when evaluating different forms of travel cost re-
imbursement on mode shares. He found a significant relationship between commuter benefits and
transportation mode choice. Specifically, he found that benefits such as public transport cost reim-
bursement and mileage reimbursement influenced an individual’s decision on how to commute.
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One of the most interesting findings was reported by Farahmand et al. (2021). They investigated
the potential role of Mobility-as-a-Service (MaaS) as a transport demand management (TDM) tool to
influence commuting mode choice. Farahmand et al. (2021) concluded that price plays an important
role in the development of MaaS packages. Furthermore, a substantial number of respondents in his
sample received a travel cost reimbursement, 38.56%. They however stated that the importance of
the price attribute is important even for respondents who receive a travel cost reimbursement. If this
observation would also hold for route-choice experiments, 1 the value of travel might not differ between
reimbursement statuses after all. Unfortunately, they did not include the reimbursement status as a
variable in the results, therefore we are not able to further disentangle their observations related to
travel cost reimbursement.

Business research focused on evaluating the tax-free level of travel cost reimbursement has been
performed (Bachaus, 2023). But yet again the focus has been put on congestion and on labour market
effects not so much on the value of travel time. As was already stipulated in chapter 1 the impact
of a travel cost reimbursement on the value of travel time has not been investigated to the authors’
knowledge.

1Unlabeled route choice experiments are typically used to determine the VTT, an example of such an unlabeled route choice
experiment was given in Figure 1.1
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2.2. The V TT
Transport professionals often use the terms value of time (V OT ), value of travel time (V TT ), and
value of travel time savings (V TTS) interchangeably. These terms refer to the value associated with
reductions in travel time, henceforth referred to as (V TT ). In this context, V TT does not refer to the
general value placed on time but rather to the value of changes in time spent travelling compared
to alternative use of that time (ITF, 2019). This is the relevant metric if you want to determine how
travellers react to changes in a network as a result of an infrastructure project. Therefore the V TT
provides decision-makers with information about the merits of a transport project. Because the value
transport users put on reductions in travel time influences their response to a change in the transport
network. The response, for example, in terms of the increase in demand or modal shift, to a project
which reduces travel time will be greater if the value of reductions in travel time is high.

The V TT can be determined using stated preferences, in which a questionnaire is distributed where
people can make choices between alternatives. Such a choice task looks like Table 2.2.

Table 2.2: Example choice set with 2 alternatives

Route A Route B
Travel time: Travel time:
45 min. 60 min.
Cost: Cost:
AC7.80 AC 5.10

For example, if a respondent has a V TT of
AC 35,−/h he would be more likely to choose the left
alternative as opposed to the right alternative. The
V TT is determined by assessing the relative impor-
tance of the time versus the cost attribute in these
choices. This is typically done through a mathematical
model, in which we assume that respondents are utility
maximisers, thus that they make choices according to
microeconomic theory McFadden (1973). This means
that respondents choose the alternative which has the highest utility to them. One often describes the
utility of an alternative through a utility function, which is a simplification of reality. An example of such
a formulation is given in Equation 2.1, where utility for individual i choosing alternative j is specified as
follows:

Uij = βcost · costij + βtime ∗ ·timeij + εij (2.1)
Where costij and timeij represent the attributes of the alternatives, βcost and βtime represent the

parameters which need to be estimated on the choices, and εij is an error term. We thus assume that
we can describe the utility, which a respondent derives from an alternative, as a linear combination of
preferences (the β’s) and attributes (time and cost). To account for a certain degree of randomness,
an error term, ϵij is introduced. This is a random number, a random variable, which is drawn from
a distribution for every respondent i and for every alternative j. Typically an Extreme Value Type I
distribution is used, also known as a Gumbel distribution.

After the model is formulated the researcher aims to find the βcost and the βtime which make the
observed choices the most likely. Going into the exact methods used to find these β’s is outside the
scope of this study. After the model is estimated we can calculate the value of travel time as the relative
importance of the time and the cost parameter as shown in Equation 2.2. Note that further explanations
on how to interpret the V TT is given in chapter 3, where the necessary theory to understand the first
hypothesis is discussed.

V TT =
βtime

βcost
(2.2)

The value of travel time can be thus interpreted as the amount of money one is willing to pay to
reduce travel time by a certain amount. Or equivalently the willingness to accept a deterioration in
travel time.

Calculation of the Value of Travel Time
As was mentioned in section 2.2 the βcost and βtime are estimated to make the observed choices as
likely as possible. Thereafter one can calculate the V TT with Equation 2.2. One other option is to
estimate the value of travel time directly instead of calculating it ex-post. This has some practical
advantages in welfare analysis. To do so the utility function in Equation 2.1 ought to be rewritten to the
specification in Equation 2.3.

Uij = µ ∗ (costij + V TT · timeij) + εij (2.3)
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where µ and V TT are now the parameters to be estimated. The interpretation in WTP space is
different from a utility specification in preference space. As we estimate the V TT directly, scaling of
the utility function is done through the µ parameter. As the random noise, which is represented in
the ε parameter, is fixed, the µ parameter determines the respondent’s sensitivity to changes in utility.
If µ is zero it means respondents are insensitive to changes in utility and do not base their choices
based on changing attribute levels. In other words; the model does not explain the data. Whenever
the µ parameter is very high it means respondents are sensitive to changing attribute levels and are
therefore ”flip” their choices quickly whenever they are presented with slightly different attribute levels.
What this interpretation of the scale parameter means exactly in terms of choice probabilities is left for
section 2.4.

Interpretation of the Value of Travel Time
The mathematical interpretation of the V TT can be best visualized by plotting the choice probabilities
and utilities for a choice between two alternatives. We fix alternative 2, setting its travel time to 60
minutes and setting its travel cost to 10 euros. We also fixed the costs for alternative one but we varied
its travel time. This produces the MNL choice probabilities as in Figure 2.1.

Figure 2.1: Choice probabilities and utilities for different V TT values based on choice probabilities of an MNL model. The
other alternative is defined with a travel time of 60 minutes and a travel cost of 10 euros.

We highlight a few key points which will aid us in interpreting the VTT. First, observe that at the
60-minute level, the choice probabilities are exactly as one would expect, 0.5. For higher V TT values
the choice probabilities change more quickly with respect to the time attribute. This can be related to
the steepness of the utility graphs on the right in Figure 2.1 One might expect a similar effect when we
vary the cost attribute and fix the time attribute. The V TT is, after all, the ratio of time and cost, right?
However the graph in Figure 2.2 tells a different story. When varying the costs, the choice probabilities
for different values of travel time are all the same and are plotted on top of one another. This is reflected
in the utility graph as all utility curves have the same steepness. Thus the V TT does not impact the
relative sensitivity to the costs.
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Figure 2.2: Choice probabilities and utilities for different V TT values based on an MNL model. The other alternative is defined
with a travel time of 60 minutes and a travel cost of 10 euros.
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2.3. Travel Cost Reimbursement
This section covers what type of travel cost reimbursements exist in the Netherlands and the UK. The
aim of this section is thus to establish what it means whenever a respondent states that they received
a travel cost reimbursement. These types of reimbursement were identified based on a review of
non-scientific sources. Table 2.3 is the result of this review. It is based on information retrieved from
Bachaus (2023), Belastingdienst (2024), GOV.UK (2024), and HM Revenue Customs (2024).

Table 2.3: Types of Travel Cost Reimbursement in the Netherlands & UK

Type of Reimbursement Description Modes Country
Kilometer Allowance Employers can provide an

allowance based on the
distance travelled

Car, Train, BTM NL, UK

Public Transport Reim-
bursement

Employers can reimburse
the costs of public trans-
portation based on actual
costs.

Train, BTM NL,UK

Company Car Employers can offer a
company car. The costs
are paid by the employer,
and the employee can use
this car for private pur-
poses, with a tax addition
for private use.

Car NL,UK

NS-Business Card Employers can offer an
NS-Business Card for un-
limited travel by public
transport.

Train, bus, tram, metro NL

Season Tickets Reimbursement or sub-
sidy for the cost of sea-
son tickets for public trans-
port.

Train, Bus, Tram, Metro UK

Fixed Travel Allowance Employers may choose to
pay a fixed monthly travel
allowance, regardless of
the actual travel costs.

Any mode of transport NL, UK

As companies are in essence free to determine their way of reimbursement employees for their
travel expenses this list is not exhaustive. The most important difference between the UK and the
Netherlands is not so much in the types of travel cost reimbursement offered by employers but in the
tax benefits thereof.

In the Netherlands, employees who commute using their private vehicles can receive up to €0.23 per
kilometre from their employers without incurring taxes, regardless of the vehicle type. Reimbursements
exceeding this amount are considered taxable income, and employers must withhold payroll taxes on
the excess. For those using public transportation, employers can either reimburse the actual travel
expenses incurred or provide a reimbursement based on the number of kilometres travelled, again up
to a maximum of €0.23 per kilometre (Belastingdienst, 2024).

Such a policy does not exist in the UK, thus there is no financial incentive from the employer’s
viewpoint to reimburse their employees for their travel expenses as it is taxed on the same grounds as
regular salary (HM Revenue Customs, 2024).
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2.3.1. Types of Reimbursement and their Tehavioural Implications
The different types of travel cost reimbursement listed in Table 2.3 can impact route choice behaviour
in real life and perhaps in a choice experiment differently. When we further dissect the types of travel
cost reimbursement stated in Table 2.3 we can identify two main categories; (1) types of reimbursement
where an incentive to save on travel cost remains and (2) types of travel cost reimbursement where
there is no incentive left to reduce one’s travel expenses. We denote the first category as a partial
Travel Cost Reimbursement (pTCR) and the second category as a full Travel Cost Reimbursement
(fTCR) Let us try to categorize them one by one.

Firstly, a distance-based allowance, which is issued by employers in the UK and the Netherlands,
usually entails that the employee reports their distance from work to their home and the actual trav-
elled distances are multiplied by a factor which results in the total amount of travel expenses which is
reimbursed. This form of reimbursement thus does not motivate to reduce one’s total travel distance,
however, there is still an incentive to reduce costs as this reimbursement scheme does not take the
actual travel costs into account. In a choice experiment, this could mean that respondents are less
sensitive to costs whenever they assume that their reimbursement applies, however as in their real-
life choices costs are still a factor therefore we would not expect them to disregard costs altogether.
Respondents who receive this type of travel cost reimbursement could be categorized as respondents
who receive a partial Travel Cost Reimbursement.

Secondly, a Public Transport Reimbursement, not to be confused with the Dutch NS-Business Card,
usually entails that the employee submits an overview of their travel expenses to their employer and
they reimburse the costs which were made for commuting purposes. In the Netherlands this type of re-
imbursement is fully tax-deductible, in the UK it is not. With this type of reimbursement travel expenses
do still show up in the bank statements of the employee, therefore arguably making them aware of
the monetary value that is associated with commuting by public transport. However, an incentive to
reduce one’s travel expenses does arguably not exist with this type of reimbursement, as the full travel
costs are reimbursed anyhow. This reimbursement scheme can be categorized as a full Travel Cost
Reimbursement, but with the sidenote that respondents who receive this type of reimbursement are
generally aware of their travel costs.

Thirdly, a company car is an interesting option from a financial perspective in the Netherlands but
less so in the UK. In the Netherlands driving a company car for commuting purposes means that the
company car is seen as an extra benefit, and is therefore taxed accordingly. A percentage of the value
of the car is added to the taxable income of the employee and they thus incur taxes on that added
value according to their marginal tax rate. A financially attractive option for a company is to pay for the
fuel of both business and private trips of the employee as all the costs associated with the company
car can be subtracted from the company’s income statement, therefore reducing their taxable profit.
With such a reimbursement scheme the employee incurs the costs of travel solely through a fixed
amount in their yearly tax return. Furthermore, as the fuel costs and other operational costs are fully
paid by the employer, incentives to reduce costs from the employee’s perspective are non-existent. As
the employee refuels the car they can see the amount of money which is paid by the employer, thus
they could arguably have a feeling for the fuel costs incurred. Such a reimbursement scheme can
be classified as a full Travel Cost Reimbursement as all operational costs incurred through travel are
reimbursed. Interestingly, this type of reimbursement could also affect the sensitivity to travel costs
incurred by trips without a business or commuting purpose as all operational costs are covered. With
a reimbursement scheme as such we expect respondents to be significantly less sensitive to costs.
Nonetheless, it is possible that whenever a respondent self-reports whether they receive a pTCR or
an fTCR they still opt to choose the pTCR option as they are incurring costs due to travel through their
yearly tax return.

A company car in the UK with a reimbursement of all fuel costs is financially less attractive in the
UK. This is mainly because when a company in the UK provides fuel for private use in a company car,
it is considered a taxable benefit for the employee, known as the fuel benefit charge. This charge is
calculated based on a fuel benefit multiplier set by the government, which is then multiplied by the car’s
CO2 emission percentage, resulting in the taxable value of the fuel benefit provided for personal use.
The employee must pay income tax on this benefit, and the employer must pay National Insurance
contributions on the value of this benefit. Interestingly, from the employee’s perspective, the way that
they thus incur the operational costs of the car is through a fixed fuel benefit charge irrespective of
the amount of fuel their car consumes in a year. This makes it an interesting option for high-mileage
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users or when using low-emission vehicles. Behaviourally this scheme arguably incentivizes you to
drive faster and consume more fuel as such a driving style ensures that the costs you would otherwise
incur are higher compared to the fixed amount of fuel benefit charge you are paying yearly. Such
a reimbursement scheme can be classified as a full Travel Cost Reimbursement. For the employer,
the costs associated with providing fuel for private use are not allowable business expenses and thus
cannot be deducted from the business’s taxable income. Instead, these costs are considered personal
expenses of the employee, even though the employer covers them. Thus making it a less interesting
option from the financial point of view of an employer.

As a Fourth option, used in the Netherlands, employers can offer an NS-Business card to their
employees, rules regarding the administrative burden around employers issuing NS subscriptions and
cards were recently lifted (https://nos.nl/l/2502239), thus employees are now able to also use their
subscription for all sorts of private travel all tax-free. The legislation is in practice the same as before,
only the administrative burden was reduced. From a behavioural perspective, similar to employees
who receive a company car which can be used privately, there is no incentive left to reduce one’s
travel costs. This also applies to trips made neither for business or commuting purposes. This type of
reimbursement can thus be classified as a full Travel Cost Reimbursement.

A Fifth option used predominantly in the UK, is a so-called season ticket, usually for a specific line
or trip which the employee takes in their day-to-day commute. Again in the UK this type of reimburse-
ment is not tax deductable, thus there is no incentive for employers to provide it. A season ticket is
usually paid upfront, thus the costs of the season ticket are not directly observed by the employee. Be-
haviourally this would imply that the feel for the costs associated with travel would decrease, however,
as this type of reimbursement is very specific the commuter is in real life not able to choose e.g. another
mode of transport or even another route. We argue that for this type of reimbursement, there is no real
incentive for the employer to reduce their travel costs, but no actual opportunity to do so. This type of
reimbursement can thus be categorized as a full Travel Cost Reimbursement.

Lastly, a fixed travel allowance is a fixed amount of money irrespective of actual travel costs and
can be based on numerous other factors which are determined by the company itself, this could include
but is not limited to; a travel-time-based reimbursement, a reimbursement based on seniority within the
company etc. As the tax-benefits in the Netherlands are based on a tax-free amount per kilometre we
expect this kind of travel cost reimbursement to be used sparsly. Employers in the UK might opt for this
kind of travel cost reimbursement as there is no financial incentive from the company’s perspective to
offer another type of reimbursement scheme. Behaviourally this means that there is still an incentive
for employees to reduce their actual travel costs, as only a portion of their costs are reimbursed. Thus
this type of reimbursement can also be typed as a pTCR.

To conclude this section, a distance-based allowance in the UK and the Netherlands reimburses
employees based on reported distances, not actual travel costs, motivating them to save on travel.
Similarly, a fixed travel allowance, a set amount regardless of actual costs, encourages employees to
minimize travel expenses since the allowance might not fully cover their costs.

Conversely, full travel cost reimbursements arguably remove the incentive to save on travel costs.
Public transport reimbursements, where commuting expenses are fully covered, leave no motivation to
reduce costs. Company cars in the Netherlands and the UK, with fully paid fuel and operational costs,
also fall into this category. In the Netherlands, the cost is incurred through a fixed tax amount, while in
the UK, a fixed fuel benefit charge applies. The NS-Business Card in the Netherlands, used for private
travel at no cost, and UK season tickets, paid upfront, further eliminate any incentive to reduce travel
expenses, as all costs are covered.

What these different types of reimbursement imply in terms of choice behaviour in a stated prefer-
ence experiment can be diverse. It all depends on the extent to which respondents base their choices
on their reimbursed ”normal” situation. Furthermore, it will depend on the extent to which respondents
adhere to instructions to ignore or to include the fact that they receive a reimbursement.

https://nos.nl/l/2502239
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2.4. The Scale Parameter
The scale parameter, which was denoted by the symbol µ in section 2.2, has a special role in a choice
model because it is normally not separately identified, in other words, it is normally not a parameter
itself. But before covering the mathematical identification let’s observe what this scale parameter does
in terms of choice probabilities. Let us observe Figure 2.3 to do so.

Contrary to what we observed for the VTT, the scale parameter interacts with the choice probabilities
of both the cost and the time parameter. A smaller value for the scale parameter makes the choice
probabilities less sensitive to changes in attribute levels. When looking at Figure 2.3 we can see what
happens when the scale parameter approaches zero. The choice probabilities get close to 0.5 across
the entire x-axis range. Therefore, the choices are almost entirely dominated by randomness.

Preference space identification
This scale parameter µ is normally not identified in a linear in-parameters choice model. To understand
why we can observe the utility function of such a specification again; here Equation 2.4 denotes the
utility for alternative j which is described by the attribute levels costij and timeij .

Uij = βcost · costij + βtime ∗ ·timeij︸ ︷︷ ︸
Observed Utility

+ εij︸︷︷︸
Noise

(2.4)

We are thus assuming that we can describe the utility of an alternative j by this utility function. We
assume that the utility of alternative j is dependent on the travel time, the travel costs and random noise
which is denoted by εij . This random noise in an MNL model is modelled by independently drawing a
random number from the EV Type 1 distribution with a mean of zero and a fixed variance of:

Var(ϵij) =
π2

6
∀i, j ∈ I, J (2.5)

This distribution ensures that the choice probabilities can be analytically calculated and results in
Equation 2.6. Which denotes the choice probability of choosing alternative k out of the set of all alter-
natives J becomes as per the standard MNL model:

P (k) =
eβ

⊤xk∑J
j=1 e

β⊤xj
(2.6)

Do note that we combined the parameters βcost and βtime into one vector denoted by β. Similarly
the vector xij combines the costij and timeij attributes. Let us now try to scale the magnitude of the
entire utility function by a real number denoted by µ and plug those in Equation 2.6, this gives:

Uij = µ(βcost · costij + βtime ∗ ·timeij)︸ ︷︷ ︸
Observed Utility

+ εij︸︷︷︸
Noise

(2.7)

Which results in:

P (k) =
eµβ

⊤xk∑J
j=1 e

µβ⊤xj
(2.8)

Here we can observe that for any given µ, we can find a corresponding set of parameters β that
will yield the same choice probabilities. This is because the probabilities depend only on the product
µβ, not on µ and β individually. The key point here is that any change in the scale parameter µ can be
absorbed by the parameters in the deterministic part of the utility. This implies that we cannot separately
identify µ and the parameters of Vij . To illustrate; If the vector β are the parameters in the deterministic
utility function such that Vij = βTxij , then scaling the utility by µ gives:

µVij = µ(βTxij) = (µβ)Txij (2.9)

The product µβ are what we estimate from the data, not µ and β separately. Therefore what is
usually done is to set µ equal to 1 to ensure that we can identify the vector of parameters β.
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Figure 2.3: MNL choice probabilities and iso-utility curves with varying scale parameters

WTP space identification
Contrary to a utility specification in preference space, a utility specification in WTP space does allow for
the unique identification of the scale parameter µ. Stated even more explicitly; a correct model in WTP
space must include a separately identifiable scale parameter. Such a model is just a reparametriza-
tion of a linear in-parameters model, where the parameters are divided by the parameter which was
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previously used for the cost attribute.
To express the utility in terms of willingness-to-pay (WTP), we define the WTP for each attribute by

dividing it with the cost parameter βc, as by doing so we obtain the willingness-to-pay values. Thus
for the time parameter this becomes; λt =

βt

βc
By substituting βt = λtβc into the utility specification as

written in Equation 2.4 we can rewrite the deterministic part of the utility function as:

Vij = βc · costij + λt · βc · timeij (2.10)

Rearranging results in;

Vij = βc (costij + λt · timeij) (2.11)

We can see that the cost parameter (βc) now multiplies the entire utility function, this also changes
its interpretation; it should no longer be seen as just the relative sensitivity to cost but as the relative sen-
sitivity to all attributes in the utility function; in our case cost & time. To avoid ambiguous interpretation
we opt to denote a model in WTP space as:

Uij = µ ∗ (costij + V TT · timeij)︸ ︷︷ ︸
Observed Utility

+ εij︸︷︷︸
Noise

(2.12)

The key point here is that contrary to the model in preference space a change in the scale parameter
can no longer be fully absorbed by altering other parameters in the deterministic part of the utility
function. One other way to reason about this is to simply compare the number of parameters to the
number of attributes. If we were not to specify a scale parameter in this WTP specification the number
of parameters would be less than the number of attributes.

This scale parameter µ is inversely related to the error variance (Chen et al., 2016) as:

Var(ϵij) =
π2

6µ
∀i, j ∈ I, J (2.13)

In preference space specification the scale parameter is normalized to 1, which reduces Equation 2.13
to Equation 2.5.

Choice Consistency and Error Heterogeneity
After observing the choice probabilities in Figure 2.3, one can imagine that the link with choice con-
sistency is quickly established. This was done so by several papers. (Dellaert et al., 1999; Deshazo,
2002; Hensher, 2006; Jang et al., 2022; Swait & Adamowicz, 2001; Train & Weeks, 2015; Zhang &
Adamowicz, 2011) all related a some form of choice consistency to the scale parameter. However,
scale parameter variations are often directly linked with choice task complexity. Dellaert et al. (1999)
is one of the few who formally links error heterogeneity to the notion of choice consistency. This is ar-
guably a better definition as the actual observation in the choice data is a variation in choice consistency
which is captured by a heterogeneous error term. In many papers, the link with choice task complexity
is the main research objective and the link with error heterogeneity is made without mentioning choice
consistency. We therefore adopt the definition of Dellaert et al. (1999), who states that:

”Choice consistency is measured as the variance of the random error component in the
consumer utility function: the smaller this variance, the higher choice consistency.” (Dellaert
et al., 1999)

As established earlier, per Equation 2.5, we can thus relate choice consistency to the magnitude of
the scale parameter µ. However, we must stress that we can only talk about choice consistency relative
to the observed utility, as per Equation 2.12. Thus conceptually, choice consistency is in essence the
degree to which respondents ”follow” the utility function defined by the researcher. In other words, how
well the utility function can explain the observed choices.
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Modelling Scale Parameter Variations
There are several options available to model scale parameter variations. These scale parameter varia-
tions are sometimes referred to as, error heterogeneity, scale heterogeneity or heteroskedasticty (Del-
laert et al., 1999). These terms are used interchangeably in the scientific literature.

Bradly and Daly (1996) were one of the first to provide a model for (discrete) error heterogeneity. It
was employed to be able to account for error heterogeneity across datasets to be able to estimate a
combined RP, and SP model. It involves a nesting structure where respondents are assigned to nests
based on whether they were part of the RP or the SP dataset. They estimated a parameter which
denoted the difference in scale across the two datasets.

Fiebig et al. (2010) further developed this to what they call a Generalized Mixed Multinomial Logit
Model, to be able to account for both taste and scale heterogeneity. This approach enabled Fiebig et al.
(2010) to model a continuous form of heteroskedasticity. He based his approach on the idea that the
degree of randomness in choices has a certain distribution in the population.

The work by Fiebig et al. (2010) work was criticised by Hess and Train (2017a). They argue that the
G-MNL model is not a generalisation of the Mixed Logit Model but instead a more restrictive version.
This argument is based on the fact that mixed-logit when specified properly can accommodate a full
covariance matrix between the randomly distributed attributes. In the standard G-MNL specification,
this covariance matrix in essence collapses to a single parameter.

As we aim to model heteroskedasticity across, what we assume are homoskedastic subsets, the
more discrete approach provided by Bradly and Daly (1996) provides the best framework.

Relevance Scale Parameter for VTT
We end this section by discussing why heteroskedasticity is relevant for the main research objective;
Investigating an effect of travel cost reimbursement on the value of travel time. We aim to do so through
a brief literature overview and by providing an empirical example.

Swait and Adamowicz (2001) and Munizaga et al. (2000) found that not accounting for scale het-
erogeneity can sometimes bias WTP estimates. The reasoning is that if different error variances are
not accounted for, the model might misattribute some of the variability in the data to the explanatory
variables instead of the error term. This misattribution could therefore bias the model parameters, and
therefore the VTT. Depending on the relative sizes of the error variances in the data, this could lead to
either an overestimation or an underestimation.

This notion is best illustrated through a synthetic example we will be discussing now. We first define
five synthetic respondent sub-samples of 2000 synthetic respondents each. We are thus creating
synthetic individuals. The actual V TT for all synthetic respondents is the same, defined at 10 AC /h,
meaning the true V TT is identical across the entire sample. However, across the sub-samples, the
degree of randomness in the choices of the respondents differs as presented in Table 2.4.

Table 2.4: Synthetic Subsamples with fixed V TT , mu but variable error variances. Note that the fixed value for µ was
arbitrarily chosen, it corresponded to a value which was once estimated on the actual NL2022 data

Subsample µ VTT [AC /h] εs Change
Subsample 1 -0.7681 10 π2

/60 10%
Subsample 2 -0.7681 10 π2

/12 50%
Subsample 3 -0.7681 10 π2

/6 100%
Subsample 4 -0.7681 10 π2

/4.5 150%
Subsample 5 -0.7681 10 π2

/3 200%

To create the questionnaire for the synthetic respondents, we first defined the number of respon-
dents, the number of questions each respondent would answer, and the value of travel time (VTT)
which was set at 10 euros. Each synthetic respondent was presented with eight hypothetical travel
scenarios, each comprising a pair of alternatives characterized by varying costs and travel times. The
left and right alternatives for each scenario were generated by randomly sampling cost values between
1 and 20 euros and travel times between 10 and 60 minutes.

The synthetic respondents make choices based on the utility function given in Equation 2.14 which
incorporates both the cost and travel time of each alternative and the error components drawn from an
Extreme Value Type 1 (Gumbel) distribution with variances according to Table 2.4. For each choice,
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the utility of both the left and right alternatives is calculated using the costs and times from the syn-
thetic choice experiment, along with the error specific to the respondent’s subset. The choice is then
determined by comparing the utilities: the respondent selects the alternative with the higher utility value.
These choices, and the subset to which a synthetic respondent belongs, are recorded for model esti-
mation.

As the variance is inversely proportional to the scale parameter the correct specification would be
that of Equation 2.16. However, we deliberately misspecify the model and assume respondents are
making choices according to the utility specification in Equation 2.15. To reiterate; we ”program” respon-
dents to make choices with varying error variances but we wrongly hypothesise that these respondents
have different VTTs.

Uij = µs · (costij + 10 · timeij) + εs Decision rule (2.14)

Uij = µ ·

(
costij +

(
V TT · (1 +

∑
s∈S

δs ·Ds)

)
· timeij

)
+ εij Misspecified (2.15)

Uij = µ ·

(
1 +

∑
s∈S

µs ·Ds

)
· (costij + V TT · timeij) + εij Correctly specified (2.16)

Where Ds is a dummy variable to indicate whether a respondent belongs to subsample s ∈ S.
Now that we obtained the synthetic choices we can estimate a multinomial logit model (McFadden,

1973). We thus assume for a moment that the V TT across sub-samples is different. Therefore we
include an interaction with the VTT, as in Equation 2.15. For clarification, we deliberately misspecify
our model to illustrate the relevance of error heterogeneity across sub-samples. By including the inter-
action terms

∑
s∈S δs · Ss, we allow the V TT to vary across the different sub-samples. But, we only

estimate a single scale parameter for all sub-samples. The results of this empirical example are given
in Table 2.5. Do note that we also included the results with the theoretically correct utility specification
of Equation 2.16.

Table 2.5: MNL estimation results based on synthetic choice data.

Misspecified Model Correct model
Number of individuals 10000 10000
Number of modelled outcomes 80000 80000
Estimated parameters 6 6
LL(final) -18190.9 -16946.38
Adj.Rho-square (0) 0.6718 0.6943
Parameters Unit Estimate t-ratio(0) Estimate t-ratio(0)
µ - -0.6076 -124.87 -0.592 -56.87
µ1 - 0 NA 2.1228 20.49
µ2 - 0 NA 0.3843 10.5
µ3 - 0 NA 0 NA
µ4 - 0 NA -0.1628 -8.01
µ5 - 0 NA -0.2808 -16.33
V TT AC/h 10.1745 66.49 9.9572 171.38
δ1 - 0.0359 1.66 0 NA
δ2 - -0.0041 -0.19 0 NA
δ3 - 0 NA 0 NA
δ4 - -0.0725 -3.53 0 NA
δ5 - -0.0913 -4.51 0 NA

One must interpret the δs and the µs parameters as a fraction. For example, the value of δ5 is
-0.0913, indicating that respondents who belong to Sub-sample 5 have a V TT which is 9% less as
compared to the reference VTT, which in this case is the V TT of Subsample 3. Do note that one cannot
make statistical inferences between groups based on the magnitude of this δs parameter, as these
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results do not provide a statistical test for the difference between e.g. Subsample 4 and Subsample 5.
What we can infer, is that the V TT for Subsample 4 and 5 are statistically different from the reference
V TT , which in this case specified to be that of Subsample 3.

This empirical example shows that it might indeed be possible that, an interaction on the V TT
which coincides with a sub-sample which has a different error term, can misattribute some of the scale
heterogeneity to, in this case, the V TT .
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2.5. Sign Effects
As stated before, a sign effect is a discontinuity in the respondent’s preferences. In the context of V TT ,
this indicates a discontinuity at ∆t = 0 and ∆C = 0. This sign effect is well documented and appears
in both scientific research (Hess & Train, 2017a) and applied studies (Kouwenhoven et al., 2022).

The V TT thus becomes dependent on the sign of the travel time presented minus the reference
travel time as in Equation 2.17.

V TT =

{
WTP if ∆t > 0

WTA if ∆t < 0
(2.17)

Where ∆t is the difference between the travel time presented and the reference travel time of the
respondent, WTA is the willingness to accept a deterioration in travel time, and WTP is the willingness
to pay for an improvement in travel time. In most research, one finds that the WTA is higher than
the WTP (Kaa, 2010; Kouwenhoven et al., 2022). For respondents participating in the survey via an
internet panel, the reference trip refers to a self-reported journey they have recently undertaken. If a
respondent is intercepted during a journey, such as on a train, the reference trip is the one they are
currently making. In the survey, respondents are asked to describe this reference trip, including the
travel time and costs. When we refer to a respondent’s reference time and costs, we are specifically
referring to the time and cost associated with this reference trip.

Behavioural Notion
The fact that a WTA is higher than a WTP is often explained (Kaa, 2010) through the behavioural
phenomena known as loss aversion (Tversky & Kahneman, 1974, 1991) and through the endowment
effect (Kahneman et al., 1990). Loss aversion criticized the then-common microeconomic theory that
people just aim to maximize utility. It is now demonstrated across a wide variety of experiments. One
good example is that of Tversky and Kahneman (1991) themselves. One of their experiments involved
giving participants a mug and then offering them the opportunity to trade it for an equally valued item,
such as a pen. Despite the items being of equal value, participants were much less willing to trade away
the mug once they owned it, indicating that the loss of the mug loomed larger than the potential gain of
the pen. This behaviour illustrates that people tend to overvalue what they already possess compared
to items they do not own. In the context of V TT studies, Kaa (2010) among others, concluded that
the sign effect follows from the notion of loss aversion. In other words; the notion that respondents are
typically willing to pay more to prevent a deterioration in travel time than they are to improve it, can be
explained through loss aversion.

Relevance for VTT
If the chosen model does take sign effects into account, disentangling for which groups this sign effect
is more dominant can change the estimated V TT . Whenever the model applied to estimate a V TT
does not take sign effects into account; investigating this sign effect difference predominantly sheds
light on why the V TTnTCR and the V TTfTCR could be different. If for example, a V TT difference
between TCR and nTCR respondents originates solely from the WTA and the WTP will be equal for
TCR and nTCR respondents, then arguably the WTP will more closely resemble what respondents are
willing to pay out of their own pocket. Lastly, it has been shown by Hess et al. (2017) that taking sign
effects into account often better explains the observed choices as compared to models that do not take
sign effects into account.
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Hypotheses

The goal of this chapter is to formalize the hypothesis stated in the Introduction and to provide the
argumentation on why they are postulated in the first place. Do note that this chapter relies heavily on
the theory which was discussed chapter 2. Thus whenever one misses background information one
can go back to the Theory. Lastly, the method to test the hypotheses is not discussed in this chapter but
left to chapter 4. Thus coding of variables, sample information, data suitability and model development
are all discussed there.

Hypothesis 1, The Value of Travel Time
Our hypothesis stated in chapter 1 stated that respondents with a TCR might have a higher V TT
compared to respondents not receiving a travel cost reimbursement. In the context of a stated choice
experiment, we can formalize this hypothesis and its corresponding null hypothesis as Equation 3.1

H0 :
βtime,reimb
βcost,reimb

=
βtime,non-reimb
βcost,non-reimb

(3.1)

H1 :
βtime,reimb
βcost,reimb

>
βtime,non-reimb
βcost,non-reimb

(3.2)

The same hypothesis but now presented in willingness to pay space is given in equations Equa-
tion 3.3 and Equation 3.4.

H0 : VTTreimb = VTTnon-reimb (3.3)
H1 : VTTreimb > VTTnon-reimb (3.4)

To understand this hypothesis we provide a line of reasoning in the next section on why the V TT
could be different for respondents who receive a travel cost reimbursement.

Behavioural Foundation
Several behavioural arguments and onemicroeconomic argument can bemade to support Equation 3.1.
Firstly, from a behavioural viewpoint, lack of payment consequentiality (Zawojska et al., 2019) for re-
spondents with a TCR could increase the V TT . In the context of discrete choice experiments, payment
consequentiality ensures that respondents treat the hypothetical choices as if they were real decisions
involving actual financial costs or benefits. Respondents accustomed to reimbursements may struggle
to internalize the hypothetical scenario where they bear the travel costs themselves. This discrepancy
is primarily because their real-world decisions involve no direct financial consequences, leading to less
careful consideration of cost implications in a hypothetical context such as a discrete choice experiment.
This behavioural mechanism will be dependent on whether a respondent first pays for the travel costs
themselves and is later reimbursed or if they are never confronted with the cost of travelling through
their reimbursement as was elaborated on in subsection 2.3.1.
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Secondly, also from a behavioural viewpoint, budget constraints (Ding et al., 2005) could also cause
an increase in the V TT for respondents receiving a TCR. The argument is quite simple, whenever a
respondent does not receive a travel cost reimbursement, a change in the cost of their day-to-day
commute could significantly impact their monthly finances. Therefore, their actual real-life budget for
travel expenses could constrain how much they are willing to spend on travel costs. Respondents who
do receive a fTCR or a pTCR do not have to consider these budget constraints.

Thirdly, Thaler’s concept of mental accounting (Thaler, 1999) explains how individuals separate
their finances into different accounts for various purposes. The ”mental account” out of which travel
expenses are paid is quite small for respondents who receive a fTCR or a pTCR. Whereas for respon-
dents not receiving a TCR the ”mental account” out of which travel expenses are paid naturally has to be
larger. Therefore, the psychological cost associated with more expensive choices could be lower for re-
spondents receiving a TCR and consequentially increase their V TT compared to their non-reimbursed
counterparts.

Lastly, from a microeconomic perspective, the actual disutility of costs in real-life decisions is lower
whenever travel costs are reimbursed. Therefore time is relatively more important than costs which
consequentially increases the V TT (McFadden, 1973).

These behavioural phenomena are not new to practitioners, therefore what is often done in practice
is to instruct respondents to, either take or not take their TCR into account. The purpose of such an
instruction is to reduce the likelihood that respondents make assumptions about the choice situation.
In our case, respondents in the NL2022 survey were instructed to; make decisions as if they were
travelling in their own time and that they have to pay for the costs themselves. Respondents in the
UK2014 survey were instructed to; take into account who normally pays for their journey when making
choices. However, as is also widely established, respondents do not read instructions meticulously
(Brosnan et al., 2019). Thus the behavioural phenomena as described earlier can still play a role in
the decision-making process. The fact that respondents in the UK2014 and the NL2022 surveys got
different instructions might impact the effect of TCR on the VTT. But as there are more differences
between the two datasets we cannot with certainty attribute differences to the instruction type.

In summary, Hypothesis 1 posits that TCR increases the V TT due to a combination of behavioural
mechanisms and economic considerations. Despite instructions in the experiments aiming to neutral-
ize these effects, the inherent workings of human behaviour may still lead to a higher VTT among
reimbursed respondents.

Hypothesis 2, Scale Heterogeneity
Our second hypothesis suggests that respondents with a TCR make less consistent choices compared
to those without. This hypothesis explores the notion of scale heterogeneity, which refers to variations
in the consistency of choices across different respondent groups. We can formalize this hypothesis
and its corresponding null hypothesis as follows:

H0 : µreimb = µnon-reimb (3.5)
H1 : µreimb > µnon-reimb (3.6)

Scale heterogeneity is crucial as was stipulated in chapter 2 because heterogeneity in the VTT
can be confounded with scale heterogeneity in some cases. The scale parameter (µ) reflects the
consistency of choices made by respondents or similarly the sensitivity of respondents to changing
attribute levels, with a higher µ indicating more consistent choices or a higher sensitivity to attribute
level changes.

Behavioural Foundation
Several behavioral arguments suggest that TCR could lead to less consistent choices:

Firstly, respondents without reimbursement might be prone to start calculating what an alternative
means for their monthly expenses. Respondents with a travel cost reimbursement might not feel the
need to make such calculations, again related to lack of payment consequentiality (Zawojska et al.,
2019). Therefore the respondents without a travel cost reimbursement could potentially put in more
cognitive effort when making choices because they are making actual calculations or inferences about
what an alternative would mean for their actual expenses. Alter et al. (2007) has shown, in a series of
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now-famous experiments, that cognitive effort could activate analytic reasoning. The idea by Alter et al.
(2007) was such, that when faced with cognitive strain, individuals are more likely to reject intuitive
answers and engage more thoroughly with the task to solve problems accurately. Kahneman (2011)
described this as; cognitive strain activating analytic reasoning and cognitive effort. An increase in
cognitive effort in its turn increases choice consistency.

Secondly, as indicated by Swait and Adamowicz (2001), the significance of a product class —
measured by factors like the proportion of an individual’s income— is related to the amount of cognitive
effort people put into a decision. The significance of costs in proportion to an individual’s income is nat-
urally lower whenever an individual receives a TCR. Consequentially, respondents with a TCR could
be less motivated to exert a substantial amount of cognitive effort when making choices, increasing
randomness and therefore decreasing the magnitude of the scale parameter.

These behavioural theories collectively suggest that TCR could reduce the consistency of choices,
supporting our hypothesis.

Hypothesis 3, Sign Effects
Our third hypothesis stated that a difference in the V TT might be explained through an asymmetry in
the preferences of respondents with a TCR. Specifically in terms of their willingness to accept (WTA)
a deterioration in travel time and their willingness to pay (WTP) for improved travel time. We can
mathematically formalize the hypothesis per Equation 3.7.

(WTATCR −WTAnTCR)

WTAnTCR
>

(WTPTCR −WTPnTCR)

WTPnTCR
(3.7)

Where

WTATCR is the willingness to accept a deterioration in travel time for respondents receiving a travel
cost reimbursement,

WTAnTCR is the willingness to accept a deterioration in travel time for respondents not receiving
a travel cost reimbursement,

WTPTCR is the willingness to pay for an improvement in travel time for respondents receiving a
travel cost reimbursement,

WTPnTCR is the willingness to pay for an improvement in travel time for respondents not receiving
a travel cost reimbursement.

Behavioural Foundation
The reasoning is simple; a respondent who receives a travel cost reimbursement might very well as-
sume that their costs are reimbursed up to their normal travel costs. Therefore, costs which are below
the respondents’ reference might be of less importance to them, causing an increase in the V TT . How-
ever, this increase in the V TT will thus not be constant across all cost levels since cost levels above
the respondent reference might normally not be reimbursed for that respondent. As their willingness to
accept,WTATCR, is determined based on choices with travel costs below their reference travel costs,
theWTATCR could be higher as compared to respondents who do not receive a TCR. Along the same
line of reasoning, we can argue that, under the assumption that respondents receive a TCR up to their
reference level, the WTPTCR should not be much different as compared to the willingness to pay for
respondents not receive a travel cost reimbursement WTPnTCR.

The second reason which motivates the hypothesis in Equation 3.7, is that there are types of travel
cost reimbursement which are limited to a fixed amount. Applying microeconomic reasoning, the disu-
tility of the travel costs is, therefore, lower below this fixed amount and higher above this fixed amount.
Thus creating a discontinuity in the V TT at that fixed amount. Regardless of the limit of the travel cost
reimbursement, this will always result in a larger difference between the WTATCR and the WTPTCR

as compared to respondents who do not receive a TCR.



4
Method

This chapter is devoted to the method applied to be able to answer the research question and the
sub-research questions. We first present the details of the datasets and methodology used in the
research. It begins with a description of the dataset, including the choice tasks, reimbursement infor-
mation retrieval, and filtering criteria for respondent instructions. We present a summary table, a table
of reimbursement categories, and a reimbursement percentage distribution graph. Next, we assess
data suitability and discuss limitations. The operationalization section covers coding of travel cost reim-
bursement variables, defining reimbursement bins, and presenting distribution tables and figures. The
models applied include Multinomial Logit (MNL), MNL with heteroskedasticity, and Mixed Logit (ML).
We describe the model development process, from initial analysis to evaluating reimbursement effects
and adding interactions. We end this chapter by describing how we applied the developed model to
assess policy implications.
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4.1. Coding and Definition of TCR
We now define the DTCR variables as denoted in Equation 4.1 and Equation 4.2. To do so we discuss
how TCR information is measured, how respondents were instructed to deal with an eventual TCR and
the corresponding model parameters.

Measuring TCR
Respondents self-reported whether they received a TCR. The options which were presented to the
respondents are presented in Table 4.1.

In the NL2022 dataset, respondents were first instructed to think of a journey they recently made
and to state e.g. with what type of mode and for what purpose they made this journey. Thereafter,
respondents were told that the entire questionnaire would be about this journey they just described.
Respondents were eventually asked to state if they received some form of reimbursement for this
reference journey. Respondents could choose amongst the options presented in Table 4.1.

The UK2014 approach is, apart from specific wording, the same. Travel cost reimbursement infor-
mation was retrieved similarly, by asking respondents to self-report the travel cost reimbursement of
their reference trip, subsequently, it was stated that the questions in the survey would be about that
reference trip. The descriptions are matched to those in the NL2022 dataset in Table 4.1.

Table 4.1: Options for travel expense reimbursement

Option NL2022 UK2014
1 Yes, in full Employer/company paid
2 Yes, partially -
3 Yes, travel costs were shared with fellow

passengers
Shared with other travellers

4 No, no reimbursement I paid all costs
5 There were no travel expenses for me All paid by other travellers, Colleague /part-

ner/family member paid
6 Other, namely: ___ Other (please specify)

In the NL2022 dataset, when respondents reported receiving a partial travel cost reimbursement a
subsequent question was asked; ”What percentage of the travel costs was reimbursed?” Which again
is thus a self-reported metric. However one can argue that a respondent with a reimbursement of
e.g. 10% has in fact paid most of the trip out of their own pocket. We therefore opted to redistribute
the categorical reimbursement statuses. Respondents with a partial reimbursement were redistributed
according to Table 4.3. Thus respondents who reported receiving a partial travel cost reimbursement
of e.g. 9% were added to the No reimbursement category.

Instructions
The meaning of the TCR variables differs slightly between the NL2022 and the UK2014 datasets as
the respondents got different instructions on how to deal with their TCR.

For the UK2014 dataset, the respondents were instructed to:

”Please imagine that each situation is exactly the same as for the actual #MODE# journey
at the time you made the journey, except for the travel costs and travel time. Choose the
one you prefer, keeping in mind all of the circumstances of the #MODE# journey at the
time you made the journey and assuming that the only things that vary are the costs and
times shown. For each of the following pairs of options, carefully compare the two options,
bearing in mind who paid for the actual journey and who else is travelling with you.”(ARUP,
2015)

For the NL2022 dataset respondents were instructed to:

”Imagine that you can choose between two different routes. The travel time can vary, for
example, because one trip is shorter or less congested, and not because you accelerate
more quickly. The costs can also vary, for example, because one trip requires less fuel.
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Each time, we ask which trip you prefer. For each choice, assume that both trips are fea-
sible (even if they seem unrealistic), you travel in your own time, all costs are for your
account, and all other characteristics are equal for both trips (equally safe, equally pretty,
parking costs are equal, etc.). Additionally, all other circumstances, such as the weather
and your appointments and activities that day, are the same as during the journey you have
described.”(Kouwenhoven et al., 2022)

Note that the respondents of the UK2014 dataset were instructed not to ignore their travel cost
reimbursement. We argue that this is an advantage because this difference might explain differences
in the TCR interactions.

Filtering
In the NL2022 dataset, only respondents with reimbursement options 1,2 and 4, in Table 4.3, were se-
lected for the analysis. This was done since for these options the meaning of the type of reimbursement
is unambiguous and the number of observations was satisfactory, as can be observed in Figure 4.1a In
the UK2014 dataset (Figure 4.1b) only respondents with reimbursement options 1 and 4 were selected
for the analysis as the other options were rarely selected by respondents.

(a) Distribution of reimbursement categories for the NL2022 dataset. (b) Distribution of reimbursement categories for the UK2014 dataset.

Figure 4.1: Comparison of distribution of reimbursement categories for NL2022 and UK2014 datasets. The categories
correspond to those in Table 4.1

Furthermore, respondents were also filtered based on several rules. For example, whenever the
self-reported travel cost was unrealistic, respondents were removed from the dataset. It is outside
the scope of this study to cover all these filtering procedures. Instead, we provide Table 4.2 with an
overview of the final selection of observations. Thus denoting the number of completed choice tasks,
not the number of respondents.

Table 4.2: NL2022 and UK2014, Observations distributed per mode

Mode Commute (1) Business (2) Total
Car (1) 11680 5008 16688
Train (2) 7832 2456 10288
BTM (3) 6848 2024 8872

Total (NL2022) 26360 9488 35848

Car (1) 4835 8650 13485
Train (2) 4585 8790 13375
LRT (3) 2900 2300 5200
Bus (UK2014, 4) 1675 200 1875

Total (UK2014) 13995 19940 33935
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Coding
To include the TCR in the model specification, dummy coding was applied. The reason for applying
dummy coding instead of effects coding has to do with the way the parameters can be interpreted.
In effects coding the parameters should be interpreted relative to the sample average V TT , when
dummy coding we interpret the parameters as absolute values for every subgroup. The absolute values
for these subgroups are important in the calculation of national averages. Therefore dummy coding
is preferred over effects coding. The category which was fixed was determined for every estimation
separately, as fixing the category with the highest number of observations yields the highest t-ratios.

Table 4.3: Coding for reimbursement levels, DnTCR, DpTCR and DfTCR

Variable Coding

Reimbursement DnTCR DpTCR DfTCR

0 to 15% No 1 0 0
15 to 85% Partial 0 1 0
85 to 100% Full 0 0 1

Quadrants DWTP DWTA
WTP quadrant 1 0
WTA quadrant 0 1

with this definition of the DTCR variables, the corresponding parameters have to be interpreted
accordingly. To illustrate; a δfTCR value of 0.09 and a t-ratio of 2.05, would indicate a 9% increase in
the V TT compared to the category which is fixed, (0.09 ·100% = 9%). The t-ratio of 2.05 would indicate
that we can reject the null hypothesis that the V TT is equal between groups with 95% certainty.

The Sample
Both national stated preference surveys subdivided their experiments into sub-experiments. Not all
of these sub-experiments are relevant to this study. For example, respondents who travelled by boat
have by definition the travel purpose other, as this is typically a leisure activity. Only sub-experiments
which were used to test the hypothesis are presented in Table 4.4.

The relevant sub-experiments were all presented as unlabeled route-choice experiments, where
respondents had to choose between two hypothetical alternatives, each described by the attributes
as in Table 4.4. Every respondent had to make 9 of these route choice decisions. One of these
choice situations contained an alternative which dominated the other alternative. This was to ensure
respondents were not randomly making decisions or e.g. always choosing the left option. During
model estimation, this check question was not considered as it does not provide any information on the
trade-offs respondents had to make.

Table 4.4: Overview of datasets, attributes, modes and hypotheses

Dataset Name Attributes Modes Hypotheses

NL2022 SP1A time, cost Car, Train, BTM H1, H2, H3

SP2A time, cost, reliability Car, Train, BTM H1

SP3A time, cost, access/egress
time, transfer time, num-
ber of transfers

Train, BTM H1

SP4A time, cost, crowding, abil-
ity to sit, frequency

Train, BTM H1

UK2014 SP1 time, cost Car, Train, LRT, Bus H1, H2

SP2 time, cost, reliability Car, Train, LRT, Bus H1
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Data Suitability
We now discuss to what extent the datasets are suitable to answer the research question and suitable
to test the hypotheses. We do so by discussing a-priori limitations.

Firstly, the datasets from the 2022 Dutch VTT study and the 2014 UK VTT study are from different
periods. Economic conditions, travel behaviours, and policies may have changed between these peri-
ods, potentially affecting the comparability of the datasets. However, as we are investigating a relative
difference as compared to the VTT, absolute changes in the VTT can safely be ignored.

Secondly, the 2022 Dutch VTT study and the 2014 UK VTT study did not record the same socioe-
conomic data. Therefore, not all socioeconomic interactions were applied consistently. However, the
most important socioeconomic interactions, interactions which could have explained away a potential
reimbursement effect, are included across both datasets

Thirdly, as was mentioned earlier, the UK2014 respondents were not able to specify whether they
received a partial travel cost reimbursement. Therefore it might have been possible that respondents
with a partial travel cost reimbursement chose either the option; ”Employer/company paid” or ”I paid all
costs.” However, we expect that whenever a respondent receives some form of travel cost reimburse-
ment they are more likely to opt for the ”Employer/company paid” option. Thus we further refer to the
UK2014 respondents as fTCR respondents.



4.2. Model Development 31

4.2. Model Development
H1 As we hypothesised that respondents with TCR have a higher VTT we added an interaction with
the V TT and TCR, which is denoted by δTCR. The definition and coding of the TCR variable were
discussed in section 4.1. Furthermore, we added the δTCR parameters as relative interactions. The
magnitude of the δTCR parameter must thus be interpreted as a relative change to the reference V TT .
This specification allows for easy interpretation and quick comparison with different magnitudes for the
V TT itself. The interaction as described above is shown below in Equation 4.1

Vij = µ · {Cij + [V TT · Tij · (1 + δTCR ·DTCR)]} ∀i ∈ I, j ∈ J (4.1)

Where parameters to be estimated are denoted in blue, and Cij and Tij are respectively the cost
and time for alternative j for respondent i. Furthermore, DTCR denotes the variable which corresponds
with the TCR. Further definition of this variable and the subsequent interpretation of the δTCR parameter
is discussed in section 4.1. We opted to use a significance level of 95% throughout this study, conse-
quentially whenever the t-ratio ≥ 1.96 of the δTCR parameter 1 we can reject the Null hypothesis that
the V TT is not dependent on TCR, and therefore supporting the alternative hypothesis that the V TT
is dependent on TCR. This hypothesis can naturally only be tested for experiments where a V TT can
be estimated, thus experiments which include a cost and a time attribute.

H2 We expected respondents with a travel cost reimbursement to make more random choices which
can be subsequently captured in the scale of the utility function as was discussed in chapter 2. Hence,
we incorporate TCR interactions with the scale of the utility similarly to (Chen et al., 2016; Dellaert et al.,
1999), denoted in Equation 4.2

Vij = µ · (1 + µTCR ·DTCR) {Cij + [V TT · Tij · (1 + δTCR ·DTCR)]} ∀i ∈ I, j ∈ J (4.2)

Where again, the parameters to be estimated are denoted in blue, As preliminary estimates indi-
cated significant interactions between the V TT and TCRwe opted to not solely add the µTCR but instead
also add the δTCR interactions as previously denoted in Equation 4.1. Following the warnings given by
Hess and Rose (2012) and Hess and Train (2017b), and per our synthetic example in Table 2.5, simul-
taneously allowing for V TT interaction circumvents the scale parameter from capturing differences in
the V TT . With the specification as in Equation 3.5, this scale parameter interaction with TCR was eval-
uated on experiments with two attributes, where only the V TT is allowed to be a random variable. This
again circumvents capturing other sources of correlation in the scale parameter (Hess & Rose, 2012;
Hess & Train, 2017b) This approach is very similar to the one applied in Chen et al. (2016), where they
aimed to explain scale heterogeneity through respondent-experienced time pressure. To explicate;
the scale parameter µ is thus not specified as a random variable, again to circumvent capturing other
sources of correlation.

This approach enabled us to evaluate the first and the second hypothesis with this specification
since we allow for differences in the V TT (Hypothesis 1) and differences in scale (Hypothesis 2). By
comparing the estimates resulting from both specifications we can evaluate to what extent allowing for
scale heterogeneity changes the V TT estimates.

H3 Lastly, we hypothesised that a travel cost reimbursement effect on the V TT would be more pro-
found in the willingness-to-accept (WTA) compared to the willingness-to-pay (WTP). To test this hy-
pothesis we could only make use of quadrant type questions. These are questions where one of the
alternatives is exactly the same as the reference journey described by the respondent, and the other
alternative is either an increase in time but a decrease in costs or vice-versa. Consequentially, the
only sub-experiment which had these types of questions was the SP1A sub-experiment of the NL2022
dataset. These types of questions enabled estimating two separate values for the V TT , denoted by
the WTA and the WTP.(Kouwenhoven et al., 2022) To evaluate our third hypothesis we added a similar
interaction as denoted in Equation 4.1 but now separated on the WTA and the WTP parameters. This
approach yielded the specification in Equation 4.3

1Naturally under the condition that the degrees of freedom are sufficient.
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Vij = µ ·
{
Cij +

[
WTP · Tij ·DWTP · (1 + δTCR,WTP ·DTCR)

]
+

[
WTA · Tij ·DWTA · (1 + δTCR,WTA ·DTCR)

]}
∀i ∈ I, j ∈ J

(4.3)

Where; DTCR,WTA, DTCR,WTP are dummy variables to denote whether a choice set belongs to either
the WTA or the WTP quadrant and δTCR,WTA, δTCR,WTP are the corresponding parameters. These pa-
rameters should again be interpreted as a relative change to the reference WTA and WTP. Testing the
third hypothesis was done by comparing the magnitudes of the δTCR,WTA, δTCR,WTP parameters. A higher
δTCR,WTA than δTCR,WTP would support our hypothesis. We tested whether this difference was statisti-
cally different by (1), comparing it to a utility specification which allowed for WTA and WTP differences
but restricted the TCR interaction to be equal for both quadrants and evaluating whether the likelihood
ratio statistic yielded a significant improvement in model fit (2), evaluating whether the 95% confidence
intervals of the δTCR,WTA, δTCR,WTP parameters overlapped. The utility specification which assumes a
homogenous interaction on both the WTA and the WTP is specified in Equation 4.4.

Vij = µ ·
{
Cij +

([
WTP · Tij ·DWTP

]
+

[
WTA · Tij ·DWTA

])
·(1 + δTCR ·DTCR)

}
∀i ∈ I, j ∈ J

(4.4)

Where the δTCR parameter interacts equally on both the WTP and the WTA in a relative sense, as it
is defined as a multiplicative interaction. This specification is thus purely meant to provide a baseline
where we do allow differences in the WTA and the WTP, and subsequently evaluate what the average
interaction is over the WTA and the WTP quadrants.

The limitations as discussed above defined the types of choice experiments which were eligible for
testing. A summary is provided in Table 4.4.

4.2.1. Isolating TCR Effects
We ensured that the parameters which interact with TCR only capture V TT differences due to a change
in travel cost reimbursement. This was done because respondents with e.g. a high income are known
to generally have a higher V TT . We observed in our sample that respondents with a high income also
had a higher likelihood of receiving a full Travel Cost Reimbursement. Therefore we examined whether
the distribution of TCR was related to other socioeconomic or design-specific variables of which we a-
priori knew from practical experience and or the body of scientific literature that they interacted with
either the V TT or the scale parameter (µ).

Examining whether there was a significant association between receiving a TCR and other vari-
ables, was done by performing either a Chi-square test of association for categorical variables or a
KrusKal-Wallis test for non-categorical variables (Kruskal & Wallis, 1952; Pearson, 1900). Whenever
the Chi-Square test or the Kruskal-Wallis test indicated a statistically significant relation the variable
was added as an interaction. Instead of discussing all the test results we opted to provide them in
Table 4.5. Do note that contrary to our a-priori expectations all of the variables tested yielded signifi-
cant differences between receiving or not receiving a TCR. One of these unexpected results was that
gender is associated with travel cost reimbursement as can be seen in Figure 4.2.

Furthermore, whenever an association between the variable and the TCR was significant we calcu-
lated the Cramers-V for the Chi-Squared test or the η2 for the Kruskal-Wallis test to indicate the size of
the effect. 2

Subsequently, to ensure that there were no other respondent characteristics or survey-related as-
pects associated with a respondent receiving a TCR or not, a correlation analysis was performed.
Based on the outcome of this correlation analysis, employment status and ZZP were added as in-
teraction variables with the V TT . Employment status refers to whether a respondent is currently in
between jobs or not. ZZP refers to a variable which indicates whether a respondent is self-employed
or not.

2Effect size was not considered in the decision whether to include it as an interaction in the model, this decision was purely
based on the statistical tests itself.
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Figure 4.2: Counts of different types of travel cost reimbursement distributed across genders.

Table 4.5: Results of Chi-square and Kruskal-Wallis tests, to test whether a different number of reimbursed respondents
across groups is statistically significant.

Variable Test Statistic p-value D.O.F. Cramér’s V / η2 Effect Size

Gender Chi-Square 245.252*** < 0.001 2 0.078 Negligible
Income class Chi-Square 404.114*** < 0.001 10 0.071 Negligible
Age class Chi-Square 462.796*** < 0.001 6 0.076 Negligible
Education class Chi-Square 73.312*** < 0.001 8 0.030 Negligible
Reference time Kruskal-

Wallis
1965.548*** < 0.001 - 0.049 Small

Reference costs Kruskal-
Wallis

2186.181*** < 0.001 - 0.055 Small

Travel frequency Kruskal-
Wallis

1863.306*** < 0.001 - 0.047 Small

Work situation Chi-Square 529.627*** < 0.001 8 0.081 Negligible
ZZP class Chi-Square 1000.340*** < 0.001 2 0.158 Small
Recruitment-
type

Chi-Square 155.648*** < 0.001 2 0.062 Negligible

Employment
class

Chi-Square 1959.111*** < 0.001 4 0.157 Small

Note. *** p < 0.001.

4.2.2. Final Model Specification
The model development procedure as discussed above yielded the utility specification in Equation 4.5.
This utility specification was used for the SP1A experiment in the NL2022 dataset presented in Table 4.4.
This specification was adopted where necessary to accommodate experiments with more attributes.
We did this by simply adding the extra attribute multiplied by a parameter to the utility function. To
accommodate the choice data from the UK2014 dataset only minor adjustments were made in the
number of categories for socioeconomic interactions with the V TT .
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Vij = µ (4.5)
· (1 + µnTCR ·DnTCR + µpTCR ·DpTCR + µfTCR ·DfTCR) (4.6)

·

((
T ref
i

60

)λTµ

·
(
C ref

i

5

)λCµ
)

(4.7)

· {Cij + [V TT · Tij (4.8)
· (1 + δnTCR ·DnTCR + δpTCR ·DpTCR + δfTCR ·DfTCR) (4.9)

·

(
1 +

2∑
k=1

δemployment,k ·Demployment,k

)
(4.10)

·

(
1 +

2∑
k=1

δpaidEmployment,k ·DpaidEmployment,k

)
(4.11)

· (1 + δzzp ·Dzzp) (4.12)

·

(
1 +

4∑
k=1

δageClass,k ·DageClass,k

)
(4.13)

· (1 + δpanel ·Dpanel + δintercept ·Dintercept) (4.14)

·

(
1 +

5∑
k=1

δedu,k ·Dedu,k

)
(4.15)

· (1 + δmale ·Dmale + δfemale ·Dfemale) (4.16)

·
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(4.18)

·

(
1 +

6∑
k=1

δinc,k ·Dinc,k

)]}
(4.19)

As mentioned earlier, the interactions added in Equation 4.5 were based on whether; (1) the variable
of which was a-priori known to impact the V TT or the scale had a statistically significant association
with TCR or (2) no a-priori interaction with the V TT or the scale parameter was expected but the
variable correlated with TCR. These variables were added as multiplicative interactions. Categorical
variables were dummy-coded. The interactions with the respondent’s reference time and reference
costs were added as power law interactions since the UK and the NL survey used what is called a
pivot-type design.3

In a pivot-type design, the attribute levels are pivoted around the reference journey of the respondent.
Thus respondents see time and cost levels which are familiar to them. For example; Respondents
with a travel time of e.g. 10 minutes will thus be presented with attribute levels of 8 and 12 minutes.
Respondents with a longer reference journey will be presented with alternatives with longer journey
times. The attribute level range thus differs among respondents and is dependent on the time and
cost levels of their reference journey. One can imagine that a respondent who is presented with an
offer to reduce their travel time from 10 minutes to 8 minutes is more likely to be interested in that
offer as it constitutes 20% of their travel time. However, when presenting a respondent to reduce their
travel time from 60 minutes to 58 minutes, they might not be interested as this same 2-minute reduction
is negligible on their total journey. Therefore respondents with lower travel times are more sensitive
to absolute attribute level changes than respondents with high travel times. This is the reasoning
behind adding the reference cost and reference time as interactions with the scale parameter as the

3The reference time and the reference costs, denoted by T ref
i and Cref

i respectively, reflect the time and the cost of the self-
reported reference journey. Respondents were instructed to assume that all conditions were the same as their reference journey,
except for the attributes varied in the experiment.
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scale parameter captures the sensitivity of all the attributes relative to noise. The specific form of this
interaction; is a power law is used as Kouwenhoven et al. (2022) found that these explained the data
the best.

But why would it be important to add this power law interaction with the respondent’s reference
time and reference costs if you are interested in the effect of travel cost reimbursement? This was
done because as visualised in Figure 4.3 respondents with different levels of TCR also had statistically
significant different levels of reference time and reference costs, therefore there is a risk of confounding
scale heterogeneity due to TCR with scale heterogeneity due to the pivot type design.

(a) Reference cost histogram (b) Reference time histogram

Figure 4.3: Comparison of reference cost and reference time distributions across different levels of TCR.

4.3. Model Estimation
The developed model was estimated using Apollo Choice modelling software (Hess & Palma, 2019).
For the Mixed Logit specifications, halton draws were used to simulate the randomly distributed V TT
(Halton, 1960). Sufficiently stable parameters were retrieved for 500 draws. The V TT was given a
lognormal distribution, as Kouwenhoven et al. (2022) found that after extensive testing this fitted the
data the best. Furthermore, using the lognormal distribution ensures that the V TT can only attain
positive values in line with microeconomic theory.

The developed model was estimated on the other choice tasks with minimal adjustments to prevent
confirmation bias. This approach was taken to ensure that the model’s performance was assessed
objectively across different choice tasks, without being influenced by prior expectations. By limiting
adjustments, we aimed to validate the model’s generalizability and robustness based on the data itself,
rather than fitting it to preconceived outcomes. Consequently, this philosophy was also used when
estimating the TCR interaction effects on the UK2014 data. Only necessary adjustments in, for example,
the number of income classes and the number of age classes were accommodated. As a result, the
model fit was not as good as it might have been able to, but we argue this approach increases the
validity of the results.
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4.4. Model application
After the model was developed we applied it to the societal cost-benefit analysis (SCBA) for the Ring
Utrecht project (IenW, 2016), aiming to give an example of how incorporating or neglecting TCR can
impact a SCBA. This provides a tangible example of policy implications. In order words; by applying
our findings we aimed to assess whether it actually matters, in the context of an SCBA, if travel cost
reimbursement is taken into account or neglected.

Figure 4.4: Overview Road Layout, Ring Utrecht (Ministerie
van Infrastructuur en Waterstaat, 2022)

We opted for the SCBA of the Ring Utrecht
project for several reasons. Firstly, for this spe-
cific SCBA the travel time reductions are approx-
imately 75% of all benefits. Thus changes in
the V TT quickly echo through to the outcome
of the SCBA, which makes it a good candidate
to illustrate our findings. Secondly, this SCBA is
currently the subject of a political discussion on
whether or not the project or parts thereof should
be executed. Therefore, we argue that possi-
ble implications could be even more socially rel-
evant when illustrated on a project like the Ring
Utrecht. Lastly, the SCBA itself is performed by a
renowned research institute, Decisio Amsterdam,
and it is presented as an example by Rijkswater-
staat (Dutch Road Authority), which makes it a
credible SCBA to use.

The Ring Utrecht project itself is designed
with dual objectives of improving traffic flow and
safety while enhancing the quality of life for lo-
cal residents. To achieve these goals, Rijkswa-
terstaat employed a multifaceted approach.

Firstly, the number of lanes on the Ring Utrecht will be increased to ensure a smoother and more
efficient traffic flow. Secondly, traffic flows will be strategically separated to minimize congestion and
reduce the risk of accidents. Additionally, a green crossing will be constructed at the nature reserve
Amelisweerd, to minimize ecological disruption. The project also includes the renovation of existing
ecopassages, ensuring safe crossings for wildlife. Furthermore, the implementation of quieter asphalt
is planned to mitigate noise pollution. The new layout is depicted by Figure 4.4 as was published in
Ministerie van Infrastructuur en Waterstaat (2022).

To assess whether accounting for TCR or neglecting it impacts the Ring Utrecht project, we first
approximated the TCR effect on the V TT suitable for use in SCBA’s. Since the value used in an SCBA
is not the same as themodel average V TT . The reasoning is that the respondents in the sample are not
necessarily representative of the Dutch population. As SCBA’s rely on national average V TT values
it is necessary to perform a so-called sample enumeration. This is a procedure in which the V TT
values retrieved from the model are weighted according to the distributions in the population. This
procedure ensures that the national average V TT is representative of the entire population. These
national average V TT values are the values used in Dutch SCBA’s. In our case study, we thus needed
to calculate the national average V TT for people who use a private car as their mode of transportation
because the time benefits for the Ring Utrecht project are for car users only.

We illustrate how this sample enumeration works through V TT differences in income. Let’s for a
moment assume that there are two income groups; low and high income. The high-income group has
an arbitrary V TT of AC20,-/h and the low-income group has an arbitrary V TT of AC10,-/h. Whenever
70 % of the population in the Netherlands has a high income and 30 % has a low income, the weighted
average V TT is thereafter simply calculated as in Equation 4.20.

VTThigh · weighthigh + VTTlow · weightlow
weighthigh + weightlow

=
(20AC /h · 0.7 + AC 10,−/h · 0.3)

(0.7 + 0.3)
= AC 17,−/h (4.20)

The weights and groups for the entire population in the Netherlands are naturally distributed among
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more dimensions, such as age, gender, education, travel purpose, etc, but the concept remains the
same.

The weights we applied to ensure representativeness in the Dutch population were retrieved from
ODIN 2023 (CBS, 2024). This is a survey which contains information on the mobility patterns of Dutch
citizens. In the ODIN 2023 survey, participants were asked to document their destinations, travel pur-
poses and modes of transportation. Furthermore, participants provided data on personal and house-
hold characteristics, including driver’s license and vehicle ownership. Since the 2022 survey travel
cost reimbursement has been added as an additional variable. The Dutch Bureau for Statistics,CBS
ensures that responses in this survey are weighted to ensure any calculations done on the survey are
representative of the Dutch population. The ODIN2023 survey is also used by the CBS itself to pub-
lish official statistics on the travel behaviour of Dutch citizens. We were therefore confident that the
ODIN2023 data is suitable and valid.

We filtered the ODIN2023 sample to include respondents who are employed and have either re-
ceived or not received travel cost reimbursement. Furthermore, we only selected commute trips for the
car and for which the respondent was the driver of the car. This created a subsample of 5664 respon-
dents who recorded 12.341 trips. After the filtering, we enumerated over the remaining sample and
assigned a V TT value to every respondent according to the estimated V TT values of our model.

However, ODIN2023 does not provide information on whether a respondent is fully reimbursed for
their travel expenses or only partly. Interestingly ODIN2023 does provide information on the type of
reimbursement, thus whether it is for example distance-based or a fixed amount. Because of this
dichotomy between what is recorded in stated preference questionnaires and what is recorded in the
ODIN2023 dataset, we opted to explore the two extremes; (1) Respondents who reported receiving
any travel cost reimbursement were assigned the VTTTCR. (2) Respondents who reported receiving
any travel cost reimbursement were assigned the VTTpTCR value. Naturally, respondents who did not
receive a TCR were assigned the VTTnTCR value.

Thereafter we applied Equation 4.21 to calculate the weighted average for the two options.

V TT =

∑
i∈I

∑
t∈Ti

vij · VTTi∑
i∈I

∑
j∈Ti

vij
(4.21)

where vij is the weight for trip j for respondent i, VTTi is the V TT value for respondent i, the set Ti

is the set of recorded trips by respondent i and V TT is the weighted V TT . This equation was applied
separately for four scenarios; with TCR effects and with TCR + scale effects & using the δpTCR and the
δfTCR parameters. These were compared to the baseline scenario where we neglect TCR altogether4.
This enabled us to approximate to what extent different model specifications impact a SCBA. The
baseline scenario is thus in essence the scenario where TCR does not affect the V TT at all. Thus in
this baseline scenario; V TT = VTTi, ∀i ∈ I.

Our last step to approximate the impact of our findings on the Ring Utrecht project was to scale the
V TT SCBA used in the SCBA according to the weighted averages of our four scenarios. We applied the
relative difference in V TT between the scenario and the baseline scenario to the SCBA. Put differently;
the relative difference between accounting and neglecting TCR is the multiplication factor we apply to
the SCBA, mathematically denoted in Equation 4.22.

VTTSCBAs =

(
1 +

(
V TTs − V TTb

V TTb

))
· VTTSCBAcurrent (4.22)

Where VTTSCBAcurrent is the V TT which was used in the SCBA of the Ring Utrecht project, V TTb is the V TT
resulting from the sample enumeration procedure for the baseline scenario, V TTs is the V TT resulting
from the sample enumeration procedure for the scenarios and where VTTSCBAs is the V TT value for the
SCBA for scenario s.

We can illustrate this procedure by evaluating the scenario equivalent to the baseline scenario.
Thus evaluate what happens in the scenario where we do not take travel cost reimbursement into
account. The scenario we are evaluating is thus equivalent to the baseline; V TT s = V TT b. Inserting
this equality in Equation 4.22 thus produces Equation 4.23.

4The scenario without TCR effects is denoted as the baseline scenario
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VTTSCBAs =

(
1 +

(
0

V TTb

))
· VTTSCBAcurrent (4.23)

Here we can immediately observe that VTTSCBAs = VTTSCBAcurrent, thus not taking travel cost reimbursement
into account does not alter the outcome of the SCBA regardless of the absolute value of V TTb. This
yields the desired outcome as the VTTSCBAcurrent originally did not take travel cost reimbursement into ac-
count. Our baseline scenario also did not take travel cost reimbursement into account, thus the effect
on the SCBA should therefore be nonexistent, which is the case with this method.

We opted for this multiplication method (denoted in Equation 4.22) since retrieving the original V TTb

which the researchers used in 2013 would require using the same (older) ODIN dataset and would
require to estimate TCR effects on the national VTT study of Significance et al. (2013). Both are
impossible since neither the ODIN dataset nor the national VTT study recorded information on travel
cost reimbursement. However, we are confident that our approach is representative as we ensured
consistency with the baseline scenario by directly comparing scenarios with and without TCR. The
multiplication method we used was robust as it produced no change in the SCBA when the tested
scenario was identical to the baseline.



5
Results

The goal of this chapter is to present the results and test the hypotheses. First, the effects on the VTT
are analysed for models both including and excluding scale heterogeneity, thereafter we discuss the
results regarding the scale parameter itself. Next, we discuss the results regarding the model which
incorporates sign-effects and we end the results chapter with the findings from the Ring Utrecht SCBA.

5.1. Hypothesis 1, V TT
We first hypothesised that respondents with any travel cost reimbursement have a higher V TT as com-
pared to respondents who do not receive any travel cost reimbursement. As described in the method
section we added dummy coded multiplicative interactions with the V TT to test this hypothesis. We
can thus evaluate the first hypothesis by observing the statistical significance of these interaction pa-
rameters, a t-ratio greater than 1.96 means that we can reject the Null hypothesis that the V TT is the
same as the reference group, in our case the nTCR respondents. As was already mentioned in the
method chapter, we also included V TT interactions for the heteroskedastic model. This enables us to
(1) evaluate the first hypothesis for the heteroscedastic model, and (2) observe to what extent incorpo-
rating scale heterogeneity affects the evaluation of the first Hypothesis. In this first section, we focus
on the first Hypothesis and evaluate it on the models including and excluding scale heterogeneity. The
results regarding the degree of scale heterogeneity, thus the results regarding the second hypothesis
are discussed in the next section.

As mentioned above, we can reject the first Null hypothesis whenever the TCR interaction parame-
ters can be estimated with a t-ratio exceeding 1.96. This reflects a significance level of α = 5%. This is
equivalent to rejecting the Null hypothesis whenever the 95% confidence interval does not overlap with
the VTT of respondents who do not receive any travel cost reimbursement. These equivalent methods
are shown in Figure 5.1, Figure 5.2 Figure 5.3, Figure 5.4 and Figure 5.5. The coloured t-ratios corre-
spond with the colours of the projected confidence intervals. The values correspond with the magnitude
of the relative difference in V TT and are both plotted graphically and presented in the table below the
graph. All the values are presented as relative increases/decreases to the reference V TT , in our case
the V TT of respondents who did not receive any travel cost reimbursement. The values in the table be-
low the graphs are the actual estimated values, thus they are reported as fractions. An increase in the
V TT of e.g. 31% is therefore reported in the table as 0.31. The figures for the NL2022 data report both
the estimates for respondents receiving a full Travel Cost Reimbursement (fTCR) and a partial Travel
Cost Reimbursement (pTCR). As the UK2014 data did not provide any information on what portion of
the reference journey was reimbursed, the UK2014 figures only provide one reimbursement interaction
per estimation. We added the number of observations to allow for a more nuanced interpretation of the
results because an insignificant difference can sometimes be attributed to a lack of observations.

As shown in Figure 5.1 and in Figure 5.2 the results are mixed. We found that for a simple time-
money tradeoff, denoted by SP1A in Figure 5.1 and in Figure 5.2 commuter respondents with a full
Travel Cost Reimbursement (fTCR) had a significantly higher VTT as compared to respondents with
no Travel Cost reimbursement (nTCR) thus supporting our first Hypothesis that respondents with a
travel cost reimbursement have a higher V TT than respondents who do not receive a travel cost re-

39
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imbursement. This is the case for models with and without scale heterogeneity. The only exception is
the Light Rail Transit (LRT) commute estimation in Figure 5.2. However, do observe that the number
of observed choices for respondents with a fTCR was 180. Therefore a likely explanation is that these
respondents coincidentally had a VTT which closely matched that of the nTCR respondents.

The business estimates of the time-money tradeoff (Figure 5.1 & Figure 5.2) were less convinc-
ing than the commute estimates. Three out of the six business estimates across the NL2022 and the
UK2014 datasets showed statistically significant fTCR interactions at a 5% confidence level. Interest-
ingly, the estimates for Business Light Rail Transit (LRT) in and for Business Bus Tram Metro (BTM) do
indicate statistically significant differences in VTT compared to the reference situation of not receiving
a Travel Cost Reimbursement.

The estimates for the more complex experiments, SP3A & SP4A, were not disaggregated across
modes and purposes to obtain realistic model parameters. Instead, we opted to create a model which
included amode- and purpose-specific constant to account for potential VTT differences. The estimates
for these models are presented in Figure 5.5, almost none of the results yielded significant effects. The
only exceptions are Car Business and Car Commute for SP2A, where respondents receiving a full
Travel Cost Reimbursement (fTCR) had a significantly higher VTT as compared to respondents who
received no Travel Cost Reimbursement (nTCR).

The mixed Logit specification generally widened the confidence intervals of the TCR interaction.
This deterioration in statistical significance did not cause any fTCR interactions to become insignifi-
cant at a 95% confidence level. Conversely, when examining the Commute estimates in Figure 5.1
and Figure 5.3, we can observe that the mixed logit specification did cause the interactions with the
V TT and the partial travel cost reimbursement, denoted by pTCR, to decrease in magnitude and as
a consequence, the difference in V TT for pTCR respondents is no longer statistically significant w.r.t.
respondents not receiving a travel cost reimbursement.

Interestingly, when comparing the Mixed Logit and the MNL estimates for Train Commute (Fig-
ure 5.1, Figure 5.3) we can observe that the magnitude of the δfTCR parameter increased when com-
paring the MNL and the Mixed Logit specifications. For the model excluding scale heterogeneity, this
was an increase from 32% (t-ratio, 4.36) to 45% (t-ratio, 4.04) and for the heteroscedastic model, this
was an increase from 32% (t-ratio, 4.11) to 43% (t-ratio, 3.79).

The findings, for commuter respondents with a full Travel Cost Reimbursement across the UK2014
and the NL2022 datasets, between incorporating and neglecting scale heterogeneity and for Mixed-
and Multinomial Logit, supported our hypothesis that respondents with a travel cost reimbursement
have a higher V TT . The results indicated that the difference in V TT is somewhere between 29% and
143%. The lowest reported t-ratio was 2.48 whenever we excluded the LRT commute estimation since
it lacked observations.

The other findings strongly suggested that TCR affects the V TT but were either inconsistent or
insignificant.
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Figure 5.1: NL2022, time-money tradeoff results, including 95% confidence intervalls. ∆(µ) estimates are reported as
fractional differences with respect to the nTCR observations including their t-statistic in between parentheses.

Figure 5.2: UK2014, time-money tradeoff results, including 95% confidence intervalls. ∆(µ) estimates are reported as
fractional differences with respect to the nTCR observations including their t-statistic in between parentheses.
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Figure 5.3: NL2022, time-money tradeoff results, including 95% confidence intervalls. ∆(µ) estimates are reported as
fractional differences with respect to the nTCR observations including their t-statistic in between parentheses.

Figure 5.4: UK2014, time-money tradeoff results, including 95% confidence intervalls. ∆(µ) estimates are reported as
fractional differences with respect to the nTCR observations including their t-statistic in between parentheses.
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Figure 5.5: Estimates for more complex choice tasks across both the NL2022 and the UK2014 dataset. For SP3A and SP4A
only estimates which combined modes and purposes are included to achieve to necessary number of observations.



5.2. Hypothesis 2, Scale Heterogeneity 44

5.2. Hypothesis 2, Scale Heterogeneity
As a second hypothesis, we expected that respondents with a travel cost reimbursement make less
consistent choices as compared to respondents who did not receive any travel cost reimbursement. We
tested this hypothesis by incorporating interactions with the scale of the utility function. Our findings
did generally not support our hypothesis at a significance level of 95%. In other words; we did not find
convincing evidence which supported our hypothesis that respondents with a travel cost reimbursement
make less consistent choices.

The way we reported our results is similar to the style of reporting for the first hypothesis, only
now we report the difference in scale as opposed to the difference in V TT . The results are presented
in Figure 5.6 and Figure 5.7. The colours in the table again match those in the graph. In contrast
to the figures for the first hypothesis we now included both the Mixed Logit and the MNL estimates
in one figure. Whenever a ∆(µ) estimate is lower than 0, it indicates that respondents with a travel
cost reimbursement had a lower scale than respondents without a travel cost reimbursement. A ∆(µ)
estimate higher than 0 naturally implies the opposite. Whenever the t-ratio > 1.96 or similarly whenever
the 95% confidence interval does not overlap with the horizontal 0% line, we reject the Null hypothesis
for the respective estimate at a significance level of α = 0.05, therefore supporting our hypothesis that
TCR reduces choice consistency.

Figure 5.6: NL2022 time-money tradeoff results for the models which included scale heterogeneity. The difference in scale is
presented in the graph and reported in the table. The graph includes the 95% confidence interval whilst the table includes the

t-statistic in between parentheses.

Examining Figure 5.6, we found that, across respondents with a full Travel Cost Reimbursement for
both the Mixed- and Multinomial Logit models the ∆(µ) estimates are of the expected sign, except for
the car business estimate, hinting that respondents with a fTCR might have a lower scale parameter
as compared to respondents without a TCR. However, none of these interactions were statistically
significant at α = 0.05, except for the Mixed Logit estimation for Train Commute.

Interestingly for the MNL Car Commute estimate and the Mixed Logit BTM commute estimate the
interactions regarding a partial Travel Cost Reimbursement indicated a higher scale compared to nTCR
respondents. This is not in line with our second hypothesis which stated that an increase in TCR would
lead to a decrease in scale. These estimations thus indicate that respondents with a partial travel cost
reimbursement make more consistent choices compared to nTCR respondents.

The scale interaction estimates, denoted by ∆(µ)fTCR, for UK2014 in Figure 5.2 are quite similar.
All of the interactions are of the expected sign, hinting that respondents with a full Travel Cost Reim-
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Figure 5.7: UK2014 time-money tradeoff results for the models which included scale heterogeneity. The difference in scale is
presented in the graph and reported in the table. The graph includes the 95% confidence interval whilst the table includes the

t-statistic in between parentheses.

bursement (fTCR) had on average a higher scale compared to respondents who had to pay for the
travel costs themselves but again these interactions were not significant. The only estimates with sig-
nificant scale interactions were Car Commute and Train Commute; -0.62 t-ratio (7.34) and -0.26 t-ratio
(2.9) respectively. The∆(µ)fTCR UK2014 Car Commute estimate was the largest in magnitude indicat-
ing a scale reduction of 62% compared to respondents who received no Travel Cost Reimbursement.
Additionally, this relatively large difference in scale also reduced the VTT interaction for this particular
estimate as can be observed in Figure 5.2. Whenever scale heterogeneity was not taken into account
the VTT difference was 61% (t-ratio, 4.97). Conversely, taking scale heterogeneity into account yielded
a VTT difference of, on average, 143% (t-ratio, 3.75).
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Figure 5.8: Choice probabilities UK2014 Car Commute

To further investigate this effect we plotted the corresponding choice probabilities in Figure 5.8 for
UK2014 Car Commute. We can observe that the higher VTT for fTCR respondents yielded a slightly
higher sensitivity to attribute level changes for time. However, when taking scale heterogeneity into
account the sensitive w.r.t. time decreased again because of the dramatic scale decrease. The in-
crease in V TT but the decrease in scale seemingly cancelled each other out. Naturally, the sensitivity
to changes in cost remained the same whenever the scale parameter was fixed. But when allowing
scale heterogeneity the sensitivity to changes in the time attribute is reduced drastically.

This gives some conceptual insight into why the VTT is not higher for the estimates which ignore
scale heterogeneity. If the VTT for fTCR respondents were even higher it would approximate the ”true”
VTT better, but increasing the VTT would also imply a higher sensitivity to changes in time, whereas
the VTT difference was in this estimate dominated by a decreased sensitivity to changes in cost. Put
differently, we can observe that for the UK2014 Car Commute respondents, taking scale heterogene-
ity into account, the VTT difference between nTCR and fTCR respondents can be traced back to a
decreased sensitivity to changes in cost in an MNL specification.

The difference in scales for the Car Commute estimate as was observed in the MNL specification,
was not as apparent in the Mixed Logit specification, as can be observed in Figure 5.7. In the MNL
specification, the scale of the utility for fTCR respondents was 62% lower relative to nTCR respondents,
whereas for the Mixed Logit specification the difference in scale was reduced to just 35%, (t-ratio, 3.98).
Simultaneously, the indirect effect of the scale difference on the V TT is also greatly reduced as can
be observed by revisiting Figure 5.4 Generally speaking, the differences in scales when comparing
MNL and Mixed Logit related to scale heterogeneity do not seem to follow a particular pattern. The
Mixed Logit specification, does not cause scale heterogeneity between nTCR and fTCR respondents
to increase or decrease.
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5.3. Hypothesis 3, Sign Effects
To achieve statistically significant parameters and test whether or not there is a disparity between the
willingness to pay and the willingness to accept, the model incorporated all modes and purposes in
one estimation. This was a necessary aggregation to achieve significant results. However, the model
did include parameters to account for apriori known differences between the VTT across modes and
purposes. The results of this estimation are presented in Table 5.1. Interpretation of these results is
less trivial than before. Firstly, both models, including a TCR sign effect and excluding a TCR sign effect
both, allowed us to estimate a VTT in theWTP quadrant and theWTA quadrant. We can observe that for
both estimations, the VTT in the WTP quadrant is higher as compared to the VTT in the WTA quadrant,
denoted by the VTT(WTP) and the VTT(WTA) parameters. Conceptually this means respondents were
willing to pay more to avert a deterioration in travel time than they were willing to pay to improve their
travel time. This aligns with empirical evidence (Hess et al., 2007; Kouwenhoven et al., 2022) and
with the behavioural notion of loss aversion (Tversky & Kahneman, 1974). The fact that these were
different from one another thus implies that the iso-utility curve is no longer a straight line, but has a
discontinuity at the reference time and cost of the respondent. We originally hypothesised that this
difference in willingness to accept (WTA) and willingness to pay (WTP) might be the sole reason that
there is a difference in the VTT to begin with. To test this we estimated a travel cost reimbursement
(TCR) interaction on both sides of the discontinuity, on the VTT(WTP) and the VTT(WTA), denoted
by the estimate on the left in Table 5.1. We expected that the TCR interaction with the VTT would be
explained solely by the interaction with the VTT(WTA). Our results supported this hypothesis. The nTCR
interaction with the VTT(WTA), denoted by nTCR(WTA), indicated a significant decrease of 25% in the
VTT (t-ratio, 3.23), whilst the nTCR(WTP) parameter indicated an insignificant decrease of 10% (t-ratio,
1.01). This indicated that, in this sample, the VTT difference can be mostly attributed to a difference
in the WTA quadrant. However, when comparing both models in terms of their LogLikelyhood the Ben-
Akiva and Swait test indicated that the model improvement is not statistically significant at a 5% level.
Thus, the model including a TCR sign effect did not outperform the model excluding a TCR sign effect in
terms of model fit. Therefore, it could be due to random chance that we observed a slight improvement
in LogLikelihood.

Table 5.1: Estimation results Including and Excluding TCR Sign Effect. Both models account for a discontinuity in the VTT at
the reference time and costs of every individual respondent.

(1) Including TCR sign effect (2) Excluding TCR sign-effect
Modelled outcomes 3690 3690
LL(final) -1653.62 -1654.28
Adj.Rho-square (C) 0.3404 0.3405
Parameters Unit Estimate t-ratio(0) Estimate t-ratio(0)

µ - -0.89 -21.88 -0.89 -21.95
VTT(wtp) AC/h 8.77 8.61 8.97 8.77
VTT(WTA) AC/h 11.79 9.04 11.62 9.07
fTCR(WTP) % 0.00 NA - -
nTCR(WTP) % -10% -1.01 - -
fTCR(WTA) % 0.00 NA - -
nTCR(WTA) % -25% -3.23 - -
fTCR VTT % - - 0.00 NA
nTCR VTT % - - -19% -3.05
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5.4. Application: Ring Utrecht SCBA
This section describes the results regarding the calculation of the weighted average as denoted in
section 4.4 and the application to the SCBA of the Ring Utrecht project.

Amenability As we were unable to prove that travel cost reimbursement has a significant effect on the
V TT for business respondents using the car, we evaluated the Ring Utrecht SCBA assuming that the
V TT for business travellers is unaffected by travel cost reimbursement. For Car Commute, significant
effects were found for both the MNL- and the Mixed Logit models. In the NL2022 dataset estimated
V TT differences were significant for both model specifications; without scale effects δTCR = 36%, t-
ratio (2.85) and with scale effects δTCR = 36%, t-ratio (2.87) for the Mixed-Logit estimates. Therefore
we opted to only vary the V TT in the Ring Utrecht SCBA for commuters. We opted for the Mixed-Logit
estimations as these fitted the data significantly better than the MNL estimations.

Interpretation We present our findings in Table 5.2. It should be interpreted as follows; the five
scenarios as described in the procedure of section 4.4 are listed as the columns of the table. The
base scenario, where travel cost reimbursement interactions are not taken into account, is included in
the first column. The other columns present the scenarios where TCR is taken into account, with and
without scale heterogeneity and with either using δfTCR or δpTCR as inputs for the sample enumeration.

Going from top to bottom in the table; model estimates are presented first, they are the same as
the model estimates presented earlier in Figure 5.1. These model estimates were used as input for the
sample enumeration procedure. The complete model estimations used in the Ring Utrecht case study
can be found in Appendix C. Further down, the weighted values of travel time as calculated through
the sample enumeration procedure are presented. These weighted values are denoted by V TT .

Lastly, the different cases of the Ring Utrecht SCBA are presented. The cases are defined by; (1)
different road layouts denoted by Selecteren and Compact and (2) under different economic scenarios,
denoted by GE* for Global Economies and RC* for Regional Communities. The economic scenarios
are similar to the Dutch WLO scenarios, which are defined by the CPB, the Netherlands Bureau for
Economic Policy Analysis, and the PBL, the Netherlands Environmental Assessment Agency. A recent
version of these scenarios can be found at PBL and CPB (2020). The cases and their background
are discussed in detail in the SCBA itself (IenW, 2016). The Value of Travel Time Savings in the first
scenario (presented in the first column) are exactly the same as in the Ring Utrecht SCBA (IenW, 2016).
For every scenario the Travel Time Savings in terms of the number of hours is constant. However, the
monetary valuation of these hours differs according to the increase of the V TT compared to the V TT
of the Baseline scenario. Table 5.2 ends with the monetary impact on respectively the yearly and the
perpetually discounted commuter and total values of travel time savings.

Synthesis The V TT effects correspond with the model estimations which were presented earlier
in Figure 5.3. The presented t-ratios correspond with the confidence intervals presented earlier in
Figure 5.4. The VTT values are very similar between neglecting and including scale heterogeneity. Both
indicated a significant difference of approximately 36% in V TT between receiving- and not receiving
a travel cost reimbursement. Incorporating TCR caused the V TT nTCR and the V TT pTCR to reduce
and the V TT fTCR to increase relative to the baseline scenario. This is to be expected as when we do
not consider travel cost reimbursement the V TT is estimated on respondents who receive a fTCR, on
respondents who receive a pTCR and on respondents who do not receive a travel cost reimbursement.

Next, the average weights are presented. They are simply calculated as;

vTCR =

 ∑
i∈ITCR

∑
t∈Ti

vit

 /

(∑
i∈I

|Ti|

)
(5.1)

Where, ITCR denotes the set of respondents who receive any Travel Cost Reimbursement, |Ti| denotes
the number of trips in the set of trips for respondent i and vit denotes the weight for trip j made by
respondent i. Thus in the ODIN2023 survey, 78% of Car Commute trips were made by respondents
who reported receiving some form of travel cost reimbursement, whereas 22% of trips were made
without any form of travel cost reimbursement. This distribution is very similar to the 80% reported by
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Table 5.2: Comparison of VTT with and without accounting for TCR. The Baseline is the model which does not take TCR into
account. V TT is the weighted VTT as calculated through the sample enumeration procedure. VTTS denotes the Value of

Travel Time Savings. The grey VTT values are not used in the sample enumeration.

Scenario (1) (2) (3) (4) (5)
Excl. heterskedasticty Incl. heterskedasticty

Baseline fTCR pTCR fTCR pTCR
Mixed Logit Model Estimations

V TT fTCR (AC/hour) 14.82 16.99 16.99 17.06 17.06
V TT pTCR (AC/hour) 14.82 12.74 12.74 12.75 12.75
V TT nTCR (AC/hour) 14.82 12.53 12.53 12.55 12.55

Sample Enumeration on ODIN2023
ODIN weight vTCR 0.78
ODIN weight vnTCR 0.22
V TT (AC/hour) 9.24 10.66 8.29 10.69 8.28
V TT increase 0.00% 15.38% -10.28% 15.65% -10.40%

Ring Utrecht SCBA
RC* selecteren
Yearly
TTS Car commute 454k [hours]
VTTS car commute €5.20M €6.00M €4.67M €6.01M €4.66M

15.38% -10.28% 15.65% -10.40%
VTTS total €16.90M €17.70M €16.37M €17.71M €16.36M

4.73% -3.16% 4.82% -3.20%
Absolute Increase €- €0.80M -€0.53M €0.81M -€0.54M
Discounted perpetuity
VTTS total €187.00M €195.85M €181.08M €196.00M €181.01M

4.73% -3.16% 4.82% -3.20%
All benefits − All costs -€485.00M -€476.15M -€490.92M -€475.99M -€490.99M

1.82% -1.22% 1.86% -1.23%
Absolute Increase €- €8.85M -€5.92M €9.00M -€5.99M

GE* Selecteren Compact
Yearly
TTS Car commute 712k [hours]
VTTS car commute €9.00M €10.38M €8.07M €10.41M €8.06M

15.38% -10.28% 15.65% -10.40%
VTTS total €37.90M €39.28M €36.97M €39.31M €36.96M

3.65% -2.44% 3.72% -2.47%
Absolute Increase €- €1.38M -€0.93M €1.41M -€0.94M
Discounted perpetuity
VTTS total €885.00M €917.32M €863.39M €917.89M €863.13M

3.65% -2.44% 3.72% -2.47%
All benefits − All costs €589.00M €621.32M €567.39M €621.89M €567.13M

5.49% -3.67% 5.58% -3.71%
Absolute Increase €- €32.32M -€21.61M €32.89M -€21.87M

Bachaus (2023). A small difference was to be expected as Bachaus (2023) did not only cover the car
as a mode of transportation.

Thereafter, the V TT ’s resulting from the sample enumeration procedure are presented. They are
approximately AC1.42/hour (+15%) higher and AC0.95/hour (-10%) lower than the baseline V TT for mod-
els using the fTCR and the pTCR estimates respectively. There were negligible differences between
themodels including and excluding scale heterogeneity. Thus accounting for travel cost reimbursement
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does change the V TT , also after applying representative weights for the Dutch population. However,
we can observe that the impact on the V TT is heavily dependent on whether we adopt the fTCR or
the pTCR estimates. The actual effect will be somewhere in between as a portion of the population
receives a fTCR and another portion a pTCR.

Evaluating the commute V TTS with the increases to the baseline sketches the impact on the Ring
Utrecht SCBA. For instance, in the ”RC Selecteren” case, the baseline value of travel time savings
was AC5.20M, which increased to AC6.00M with the V TT fTCR estimate adopted and reduced to AC4.67M
with the V TT pTCR estimate adopted. Similarly, the ”GE Compact” case showed an increase and de-
crease from AC9.0M baseline to AC10.38M and AC8.07M. Which in turn reflects a value of +AC32.32M and
−AC21.61M on the total travel time benefits of the Ring Utrecht project.
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Conclusion & Discussion

Method Summary
The method applied in this study investigated the impact of full- and partial travel cost reimbursement
(TCR) on the value of travel time (V TT ) using both the NL2022 (Netherlands) and UK2014 (United King-
dom) datasets (ARUP, 2015; Kouwenhoven et al., 2022). We tested three hypotheses: whether TCR
influenced the V TT , if respondents with TCR made less consistent choices, and if these respondents
exhibited a higher willingness to accept (WTA) compared to those without TCR. Utilising Multinomial
Logit (MNL) and Mixed Logit (ML) models, the analysis incorporated evaluating the interaction terms
between TCR and V TT , while allowing for discrete scale heterogeneity. Furthermore, by considering
the respondents’ reference situation, we separated a TCR interaction with V TT into willingness to ac-
cept (WTA) and willingness to pay (WTP) components. Lastly, we evaluated to what extent accounting
for TCR impacted the Ring Utrecht case study.

Evaluation Hypotheses
When does a travel cost reimbursement impact the VTT? Our 2-attribute results indicated that for
a 2-attribute choice experiment commuter respondents with a full Travel Cost Reimbursement (fTCR)
had a significantly higher V TT compared to those without a TCR, supported by; (1) data from both
the UK2014 and the NL2022 national value of travel time study, (2) MNL and Mixed Logit models, (3)
including and excluding scale heterogeneity. This effect was significant and consistent for five out of
six 2-attribute experiments. The likely cause for the insignificant effect of this one estimation was likely
due to the lack of the number of respondents receiving a TCR. The Mixed Logit specifications reduced
the statistical significance of the difference in V TT between the fTCR and the nTCR groups, but this
did not result in any of the abovementioned observations becoming statistically insignificant at a 5%
significance level. This might be attributed to the Mixed Logit model’s ability to account for unobserved
heterogeneity in respondents’ preferences. Unlike the Multinomial Logit (MNL) model, which only al-
lows for observed heterogeneity in the VTT, the Mixed Logit model allows for inter-individual variations
in the V TT . Thus some of the reimbursement effects captured in the interaction parameters for the
MNL specificion might now have been captured in the distribution of the VTT.

Interestingly, as the number of attributes in the experiments increased the difference in V TT be-
tween the nTCR group and the fTCR group was no longer significant. In practice, this is similar to
what happens to interactions with socioeconomic variables, whenever the number of attributes in the
experiment increases, these interactions typically also become less significant.

We thus found a difference in the V TT between commuter respondents who receive a full travel cost
reimbursement (fTCR) and those who do not receive a TCR in a 2-attribute discrete choice experiment.
The difference ranged from 30% to 50% for the NL2022 data and from 80% to 140% for the UK2014
data. This supports our hypothesis that respondents who receive a TCR have a higher value of travel
time.

The estimates for business respondents were generally not significant enough to support our hy-
pothesis that respondents receiving a fTCR have a higher V TT . Only the 2-attribute estimates for
the closely related Bus, Tram & Metro (BTM) and Light Rail Transit (LRT) modes showed significant
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and consistent differences in V TT between respondents who receive a full travel cost reimbursement
fTCR and those who do not receive a TCR. These effects were consistent for the MNL and Mixed Logit
models both excluding and including scale heterogeneity. The differences in V TT for BTM and LRT
were between 65% & 70% for the NL2022 dataset and between 80% & 85% for the UK2014 dataset.

The interaction between the V TT and partial Travel Cost Reimbursement (pTCR) was generally
lower in magnitude and results were more often than not insignificant. Thus the observed difference
in V TT between respondents not receiving a TCR and respondents receiving a pTCR was lower as
compared to the effects observed for respondents receiving a fTCR. The signs of the effects were
generally in line with our hypothesis that travel cost reimbursement increases the V TT . However, we
cannot formally prove a relationship between pTCR and the V TT at a satisfactory significance level.

Thus to answer the first research question; a full travel cost reimbursement significantly increased
the V TT for commute respondents in a 2-attribute discrete choice experiment supported by data from
both the Dutch national V TT study and the UK national V TT study. It did not significantly affect the
V TT for 3 or more attribute experiments or business respondents.

Do respondents with a travel cost reimbursement make less consistent choices? The direction
of the scale interaction effects is as expected for respondents receiving a full Travel Cost Reimburse-
ment (fTCR), their scale parameter estimate is generally lower compared to respondents not receiving
a travel cost reimbursement. The signs of the scale parameter interactions for pTCR respondents were
not as expected, 8/12 estimations yielded higher scale parameters for the pTCR group compared to
the nTCR group. However, these abovementioned scale interactions were only significant in 5/24 es-
timations. In other words; we were unable to find convincing evidence which supports the notion that
the scale parameter might be statistically different for respondents receiving any form of TCR. Thus
we were unable to find convincing evidence to support our hypothesis that respondents who receive a
travel cost reimbursement make less consistent choices.

Does a travel cost reimbursement impact the WTP and the WTA differently? We were able to
find evidence which supports our third hypothesis. Namely, the interaction with the V TT was more
predominant in the WTA quadrant compared to the WTP quadrant. However, the model which took
this into account did not perform statistically better in terms of model fit compared to a model which
only allowed for equal TCR interaction on both the WTA and the WTP quadrant. This suggests that,
although there may be a nuanced difference in how TCR influences WTA and WTP, this distinction
might not be substantial enough to justify a more complex model that separately accounts for these
interactions. Therefore, for practical purposes and model simplicity, treating the TCR effect as uniform
across both WTA and WTP might be sufficient, without sacrificing the accuracy or predictive power of
the model.

Towhat extent do sign effects and choice consistency explain an effect of TCRon the VTT? Our
results generally indicated that taking scale differences into account between respondents receiving a
TCR and not receiving a TCR did not significantly alter the V TT estimates. This is probably because
the scale differences were not too large between groups.

Only one estimation yielded greatly different V TT estimates due to a scale decrease of approxi-
mately 62% for TCR observations as compared to nTCR observations. However, the confidence inter-
vals of the V TT taking scale heterogeneity into account and the V TT when neglecting scale hetero-
geneity still overlapped. Thus stating that the scale for this estimation was indeed statistically different
cannot be concluded. When we assumed the V TT to be randomly distributed following a lognormal
distribution, the scale difference was reduced, and simultaneously the V TT difference was no longer
apparent. We are unsure about the exact underlying mechanism, but it might be possible that the ran-
domly distributed V TT in the Mixed Logit specification captures effects which were previously captured
in the scale parameter in the MNL specification.

Nonetheless, we did observe hints of what we refer to as a dampening effect. Thus whenever the
scale for the TCR group was lower than for the nTCR group, incorporating scale heterogeneity slightly
increased the V TT difference between the two groups. This was in line with our theory, as a decrease
in the scale of the overall utility might be misattributed to a reduction in the V TT .
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What is the impact of the findings on cost-benefit analysis? We evaluated this research question
by applying our findings to the Ring Utrecht societal cost-benefit analysis (SCBA) and assessed the
extent to which accounting for TCR impacted the travel time reduction benefits of this project. Based on
the conclusions of the other research questions, we considered TCR effects only for commuters. Given
that the time benefits for the Ring Utrecht project are primarily associated with car transportation, we
approximated the time benefits if TCR for car-using commuters had been incorporated in the calculation
for national averages. When calculating these national averages we separately adopted the pTCR
and the fTCR estimates as the ODIN2023 database used for these calculations did not include any
information on the magnitude of the travel cost reimbursement. We also opted to evaluate the Ring
Utrecht SCBA for the model which accounts for scale heterogeneity even though we concluded earlier
that there are no significant scale effects. By applying this more sophisticated model, we aimed to
confirm that the conclusions drawn from the SCBA are robust across different modelling approaches.
We however found no substantial differences in the total travel time benefits when using the model
which allows for scale heterogeneity.

We did find that adopting the models which account for travel cost reimbursement significantly affect
the national V TT , with this value for car commuters increasing by approximately 15.38% to 15.65%
when using the V TT fTCR estimate, and decreasing by 10.28% to 10.40% when using the V TT pTCR
estimate. After mapping these changes onto the travel time savings for commuting traffic in the Ring
Utrecht SCBA, the total travel time savings of the entire project either increased by up to 5.58% or
decreased by up to 3.71%, corresponding to a monetary impact ranging from an increase of €32.32M
to a decrease of €21.61M in the total travel time benefits of the project. These findings underscore
the importance of considering travel cost reimbursement when calculating the value of travel time, as
its impact on an SCBA can be substantial. Other SCBAs might be affected to an even greater extent
whenever the share of commuters is larger.

Discussion
We made a distinct contribution by focusing on the interaction between the V TT and TCR within the
context of stated preference experiments. While prior research, including studies by Baldassare et al.
(1998), Bueno et al. (2017), and Evangelinos et al. (2018) investigated the effects of financial incen-
tives and penalties on travel decisions, they did not specifically address how TCR impacts the V TT .
Furthermore, our method of incorporating discrete scale heterogeneity to assess choice consistency
provided a nuanced understanding of how TCR influences decision-making processes. In contrast to a
large body of scientific literature, who conclude that marginal willingness to pay can be significantly dis-
torted when not taking scale heterogeneity into account, (Alter et al., 2007; Deshazo, 2002; Fiebig et al.,
2010; Oehlmann et al., 2017; Swait & Adamowicz, 2001; Zhang & Adamowicz, 2011) our results gener-
ally indicated that discrete scale differences between mutually exclusive and assumed homoskedastic
subsets did not significantly alter the V TT . Significant effects on the V TT were observed only in one
case where the scale of the observed utility for respondents who received a travel cost reimburse-
ment was reduced by as much as 62% compared to the nTCR group. The reason that other studies
have found more sizable differences whenever allowing for scale heterogeneity might be because it is
very easy to confound scale heterogeneity with other sources of correlation. Scale heterogeneity is in
essence a special form of correlation where the parameters for all the attributes increase or decrease
simultaneously in magnitude across subsets. This is exactly the reason why we only allowed for scale
heterogeneity in 2-attribute experiments, as the only correlation is the correlation between the param-
eters of the 2-attributes. Otherwise, an increase in the correlation between for example the parameter
for the number of transfers and the V TT can be misattributed to an increase in the scale parameter.

Furthermore, a potential limitation in the interpretation of travel cost reimbursement among business
respondents, particularly those using a car, should be considered. It is possible that some business
respondents who indicated that they do not receive a travel cost reimbursement might actually be
driving a company car. These respondents may have interpreted the term ”travel cost reimbursement”
differently, potentially excluding the value of having a company car from their response. This could
have led to an underestimation of the true impact of travel cost reimbursement on their VTT, as the
benefit of a company car effectively reduces their out-of-pocket travel costs, even if they do not receive
a direct monetary reimbursement. Such a mechanism could explain the reduced effects we observed
for business respondents using the car. Future research could address this by clarifying the definition
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of travel cost reimbursement in surveys or by specifically asking about the use of company cars to
ensure that all forms of cost compensation are adequately captured.

For future research, we suggest a methodological improvement regarding the evaluation of socioe-
conomic interactions. In this study, we added and evaluated each socioeconomic interaction step by
step, assessing them individually before incorporating them into the model. In hindsight, it may have
beenmore efficient to include all potential socioeconomic interactions simultaneously and then evaluate
whether the TCR interactions remain significant.

On a last note; we had two options for the sample enumeration procedure; either enumerate over
trips which were made by car for commuting purposes or over respondents who frequently commute
by car. Travel cost reimbursement information is stored as a personal characteristic, thus not as a trip
characteristic. Therefore enumerating based on persons would perhaps make sense. However, we
do not know whether the TCR effect on the V TT also applies to trips which the employer does not
reimburse. We therefore opted to enumerate over the trips, thus assuming the reimbursement effects
only apply to commuting trips.

Methodological Implications
The car commute estimate for the UK2014 dataset was the only estimate which showed a sizeable
change in V TT whenever we allowed for scale heterogeneity between reimbursed and non-reimbursed
respondents. This showed that it is worthwhile to check the homoscedasticity assumption for MNL
models to ensure unbiased parameter estimates. However one must do so very carefully because it is
very easy to misattribute taste heterogeneity to scale heterogeneity.

On another note, as we found significant differences in the V TT for reimbursed and non-reimbursed
respondents in the UK2014 dataset, future V TT studies might want to incorporate this effect when
calculating national averages. However, the UK National Travel Survey (NTS), the UK counterpart of
the ODIN2023 dataset does not include information on travel cost reimbursement. Therefore, if the
British authorities wish to incorporate travel cost reimbursement in the calculation of national averages,
they must (1) ensure that their NTS includes travel cost reimbursement data, and (2) integrate travel
cost reimbursement into their models.

A similar but slightly different argument can be made for the ODIN2023 database. This national
travel survey does collect information on travel cost reimbursement and even asks respondents what
type of reimbursement they receive, for example; fixed amount, distance-based or any other type. How-
ever the magnitude of the reimbursement is not documented, thus to what extent this reimbursement
covers their trip expenses is not known. Conversely, in the choice experiments information on the mag-
nitude of the reimbursement was collected, but information on the type of reimbursement was lacking.
Thus for future V TT studies, we recommend aligning the travel cost reimbursement questions with the
questions asked for the ODIN2023 survey. As for the ODIN2023 survey itself, we recommend also
asking respondents about what portion of their trip is reimbursed. We would advise making this a trip-
specific characteristic as a reimbursement of a fixed amount means that the proportion of the trip which
is reimbursement changes with the trip costs.

One last methodological implication is related to the type of instructions respondents are given,
recall; in the NL2022 dataset commuting respondents were generally instructed to make decisions as
if they have to pay for the travel costs themselves and in the UK2014 dataset commuting respondents
were instructed to make choices taking into account who paid for their actual reference journey. As
there are more differences between the studies other than the type of instructions we cannot claim
that any difference in the extent to which TCR affects the V TT can be attributed to the instruction.
Nonetheless, our results do indicate that the V TT was affected more radically in the UK2014 dataset
than in the NL2022 dataset. Future V TT studies could validate this by assigning for example half of the
sample with a UK2014-type instruction and the other half of the sample with a NL2022-type instruction.
Through such an approach one would be able to make more thorough claims on the impact of the
instruction as the instruction would be the only variable which is varied. Any differences in the results
aside; As we want to know what choices respondents would make in real life it is arguably better to
follow the UK2014 approach, as in real life people presumably do take TCR into account when making
choices. However, an approach like that could potentially lead to more lexicographic choice behaviour
as more people could be prone to always choose the fastest alternative. As lexicographic choice
behaviour does not provide any information on the time-cost tradeoff a respondent makes, common
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practice is to discard these observations from the sample. Therefore instructing respondents with
a UK2014-type instruction could effectively reduce the number of usable observations and therefore
reduce the statistical significance of the model estimates. But whether a TCR causes lexicographic
choice behaviour was not the topic of our study, thus this is purely speculative.

Policy Implications
We found that respondents with a TCR have a higher V TT in 2-attribute choice experiments, particularly
among commuters. If the goal is to ascertain what individuals are willing to pay out-of-pocket for travel
time, it is more appropriate to base the V TT on respondents who paid for their reference journey
themselves.

However, when using the V TT in national cost-benefit analysis or when determining network effects
as a result of an infrastructural change we argue that travel cost reimbursement should be taken into
account as in practice the national average V TT is often based on 2-attribute experiments. Thus one
should weigh the V TT according to the number of people who receive a TCR in the general population.
The reason is, that the utilisation of e.g. a new piece of road is also dependent on people who receive
a travel cost reimbursement. In real life, these respondents are not instructed to ignore the fact that
they receive a reimbursement, and their subsequent choices will thus be made under the influence of
them receiving a travel cost reimbursement.

We evaluated such a cost-benefit analysis by approximating to what extent the SCBA of the Ring
Utrecht project would change as a consequence of taking travel cost reimbursement into account. We
found substantial differences in this specific case where the total travel time benefits could differ as
much as 3.72%, and we found a heavy dependence on whether the estimates for a partial- or a full
Travel Cost Reimbursement were adopted. This further strengthens the argument that future cost-
benefit analysis should be based on models which incorporate travel cost reimbursement effects on the
V TT as the results could be even more dramatic for other projects due to; (1) the ratio of commuters
to other road users changing, (2) the mode of transportation not being limited to cars.

When further zooming out, we observed in our samples that the number of commuter respondents
who received a travel cost reimbursement is substantially higher in the NL2022 dataset compared to
the UK2014 dataset (73% versus 19% respectively for Car Commute). We argue that this difference in
the number of reimbursement respondents across both datasets is probably because there is no tax-
free travel cost reimbursement in the UK as we were unable to find any other reasonable explanations.
Uncovering to what extent a tax-free travel cost reimbursement impacts the number of employers who
receive a TCR was naturally not the goal of either the Dutch (Kouwenhoven et al., 2022) or the UK
(ARUP, 2015) study but it does provide an interesting perspective. Since the V TT is significantly higher
for reimbursed respondents, increasing the number of people in the population who receive a travel
cost reimbursement also increases the average V TT in the population. Which in turn tips the scale
of cost-benefit analysis more often to the benefit side as travel time savings are valued more. This
subsequently increases the overall efficiency of a transport network as for more projects the benefits
outweigh the costs. This is an interesting policy effect as a consequence of the number of people who
receive a travel cost reimbursement in the population, which is likely determined by there being any tax
benefits.

One another note; as TCR seems to affect the V TT predominantly for commuters, evaluating a
SCBA in which the share of commuters is larger than that of the Ring Utrecht SCBA will make the
impact of TCR even greater. A typical policy where the ratio of commuters in proportion to the total
traffic flow is very high is during rush hour. Thus an SCBA to evaluate a policy aimed at for example
reducing traffic flow during rush hour can be affected to a great extent. A controversial policy idea fo-
cussed on exactly that is that of congestion charging or ”rekeningrijden” in Dutch. It aims to reduce the
number of vehicles in congested areas or congested periods by imposing time or location-based fees
on drivers. As we found that TCR significantly affects the VTT for commuters the perceived benefits
of congestion charging (e.g., reduced travel times) might be heavily undervalued if TCR is not consid-
ered. Policymakers should therefore adjust weighted V TT ’s in such an SCBA to reflect the proportion
of reimbursed commuters, ensuring that the benefits of congestion charging are accurately assessed.
When we assess the congestion charging policy from a more broader perspective we can uncover
more mechanisms where our results are relevant. If a substantial portion of drivers are reimbursed
for their travel costs, their higher VTT might make them less sensitive to congestion charges, as they
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perceive their time as more valuable and may be willing to pay the charge. Thus we might see less
reduction in traffic volumes from congestion charging than anticipated as the effectiveness of the policy
could be moderated by the extent to which commuters receive TCR. Besides, employers might opt to
also reimburse the congestion charge further reducing the effectiveness of the policy. Policymakers
could consider varying congestion charges based on whether or not drivers are reimbursed for their
travel costs or implement complementary measures to ensure that commuters with a travel cost reim-
bursement also ”feel” the financial stimulus to change their travel behaviour. Our findings also suggest
a potential approach to ensuring fairness in congestion charging. By offering a form of travel cost re-
imbursement from the government to low-income road users, we could increase their V TT to align
more closely with that of high-income road users. This adjustment would effectively level the playing
field, ensuring that all individuals experience the congestion charging stimulus on equal terms, thereby
enhancing the policy’s equity.

Limitations
One limitation of the study was the definition of reimbursement categories, where the percentages were
chosen through reasoning semantically about what percentage of reimbursement can be defined as a
full Travel Cost Reimbursement. To recall; respondents with a reimbursement of [0%, 15%] were set
as respondents receiving no travel cost reimbursement, (15%, 85%) were set as respondents receiving
a partial travel cost reimbursement and [85%, 100%] was defined as a full travel cost reimbursement.
It would be interesting to explore how the results might have changed as a function of these defini-
tions, potentially providing more nuanced insights. One such alteration was briefly evaluated where a
comparison was made between the bin as defined in this study and the bins defined in a more trivial
manner, where any fraction of reimbursement other than 0% or 100% is denoted as a partial travel
cost reimbursement. We observed that the estimated interactions did not differ dramatically. Nonethe-
less, a robustness analysis which evaluates the reimbursement effect on the V TT whilst varying the
reimbursement categories would be a valuable contribution.

Furthermore, as our research question was about the difference in V TT between nTCR and TCR
respondents, we focused on the relative difference in V TT between the two groups. However, we
later observed that when allowing for scale heterogeneity the reference V TT , thus the V TT for the
nTCR group sometimes also changed slightly. This effect was implicitly taken into account for the
sample enumeration procedure as the estimated V TT values themselves are used and not solely the
difference thus it will not have affected the results for the Ring Utrecht SCBA. Nonetheless, it would be
an interesting avenue for further analysis from a methodological viewpoint.

Moreover, as mentioned earlier ODIN2023 does not provide information on the magnitude of the
travel cost reimbursement. Thus for the evaluation of the textitRing Utrecht project, we used the pa-
rameter estimates for a full Travel Cost Reimbursement and applied the corresponding V TT values to
the respondents who reported receiving any travel cost reimbursement in ODIN2023. Whenever the
yearly ODIN survey also reports on the magnitude of the reimbursement it will be possible to distinguish
between a partial and a full travel cost reimbursement which might alter the impact on the Ring Utrecht
SCBA.

Further Research
This study opens several avenues for further research, all aimed at deepening our understanding of how
travel cost reimbursement (TCR) influences the Value of Travel Time (VTT) across different contexts
and populations.

An intriguing yet unanswered question is whether a travel cost reimbursement increases the V TT to
the same extent for low-income individuals as it does for high-income individuals. This could be studied
through a similar analysis as was performed in this study, only now allowing for a heterogeneous inter-
action across income groups. This also leads to the methodological implication listed earlier; namely
that for future national V TT surveys it could be beneficial to retrieve more specific information on what
type of travel cost reimbursement respondents receive. One can imagine that reimbursement effects
on the V TT might be very similar for low- and high-income respondents whenever their travel costs
are directly and in full paid by the employer. However, when people first have to pay for the travel cost
themselves and are only thereafter compensated a fixed amount, a financial incentive to make cheaper
choices remains, and a different interaction for low- and high-income groups might show.
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Another avenue for further research would be to ensure whether the observed difference in the
V TT is a reflection of true preferences and not limited to a stated preference study, we suggest per-
forming a revealed preference study with the same goal as this study. This might even be possible on
existing data, e.g. by exploring smart-card data. However, we expect that finding a significant inter-
action between the V TT and travel cost reimbursement will be very difficult if not impossible due to
multicollinearity. In other words; the number of occurrences in real life where one can choose between
a slower but cheaper route is very limited.

Furthermore, another avenue could be to confirm whether partial travel cost reimbursement indeed
affects the V TT to a lesser extent than a full travel cost reimbursement. To do so in a future study it
would be very valuable to also record the type of reimbursement respondents receive to ensure the
difference between a partial- and a full travel cost reimbursement is not due to another confounding
variable; the type of travel cost reimbursement.

Additionally, further research could be to ask respondents whether they usually receive a travel
cost reimbursement for their day-to-day commute but ask them to keep a trip in mind which is not
reimbursed. Thus asking respondents with a reference journey which is not reimbursed if they receive
a TCR for commuting. This approach would enable us to evaluate whether usually receiving a TCR
affects the V TT even if the respondent thinks of another reference journey. In other words; this would
enable us to evaluate whether a travel cost reimbursement changes a person’s V TT for all trips or if
a person’s V TT is only affected for the commute trip to which the reimbursement applies. Because
even if respondents are thinking of a non-reimbursed trip, the habit of receiving reimbursement could
influence their perception of costs and benefits, potentially altering their VTT.

An additional evaluation could consider whether a reference-based design impacts the extent to
which travel cost reimbursement effects occur. 1 Specifically, it is plausible that a choice set which
is based on the reference (reimbursed) trip influences the extent to which individuals with travel cost
reimbursement take their reimbursement into account as such a choice set more closely resembles
their reimbursed reference trip.

Another interesting avenue for further research would be to investigate whether respondents with a
lower-scale parameter are also respondents who make faster choices. Put simply; does scale correlate
with response time? Such a relation was already found by Chen et al. (2016) for externally imposed
response time limitations but to our knowledge not yet for response time without externally imposed
limits. If a strong and consistent relation is found this could be a nice check for researchers when
assuming homoscedasticity of their data. A strong correlation between the two would also be in line
with our expectation that task motivation might be one of the causes of scale differences as we would
expect lower motivated respondents to make choices more quickly. Furthermore, following the same
arguments, respondents with a TCR could also show more non-trading behaviour. Non-trading be-
haviour in this case would mean that respondents always choose the alternative with the lowest travel
time.

One last potential avenue for further research is the exploration of the interaction parameters be-
tween reimbursement bins and the V TT by assigning them a random distribution and estimating a
mixed Logit Model. This approach may allow for the analysis of heterogeneity within these interaction
parameters since it might be possible that some respondents assume that their reimbursement may
not apply to the tradeoffs presented and therefore do not show an increased V TT . However, applying
this procedure is guaranteed to result in a higher model fit, as a more flexible utility specification is set.
Thus evaluating whether this method yields greater predictive power will be difficult.

1A reference-based design in short, is where the reference cost- and time values of the respondent are included in either one
or both of the alternatives. Thus there is always some value in the choice set which is the same as the reference journey which
was described by the respondent.
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A
Utility Function

This is the utility function which was used to estimate a combined model for SP1A and SP2A. However,
for the SP1A model specification interactions which are only relevant for the SP2A choice tasks were
constrained to zero.

1 V[["LEFT"]] = (
2 (
3 mu
4 * (1 + sc_cost_same_mu * DUMMY_COST_SAME) # Interaction of mu with the same cost

dummy variable
5 * (1 + sc_sp2_mu * DUMMY_SP2A) # Interaction of mu with the sp2 dummy variable
6 * (1 + b_zelfBetalen_mu * EMPPAYBINS_Low
7 + b_geheelVergoed_mu * EMPPAYBINS_High
8 + b_gedeeltelijkVergoed_mu * EMPPAYBINS_Medium) # EMPPAY interaction with mu

based on employment bins
9 * ((BASETIME / BaseTime0) ** lmda_t_mu
10 * (BASECOST / BaseCost0) ** lmda_c_mu) # Basetime and basecost interaction with

mu
11 )
12 * (
13 COST_L + (
14 (vtt * TIME_MIN_L / 60
15 + vttr * SDEV_ACTUAL_L / 60 * DUMMY_SP2A) # Value of time and standard

deviation with sp2 dummy variable
16 * (1 + vtt_employment_1 * PAID_EMPLOYMENT_1
17 + vtt_employment_2 * PAID_EMPLOYMENT_2) # VTT interaction with employment

types
18 * (1 + vtt_zzp * ZZP) # VTT interaction with self-employment
19 * (1 + vtt_age_1 * AGE_CLASS_1
20 + vtt_age_2 * AGE_CLASS_2
21 + vtt_age_3 * AGE_CLASS_3
22 + vtt_age_4 * AGE_CLASS_4) # VTT interaction with age classes
23 * (1 + vtt_panel * RECRUITMENTTYPE_1
24 + vtt_intercept * RECRUITMENTTYPE_2) # VTT interaction with recruitment types
25 * (1 + vtt_edu_1 * EDU_1
26 + vtt_edu_2 * EDU_2
27 + vtt_edu_3 * EDU_3
28 + vtt_edu_4 * EDU_4
29 + vtt_edu_5 * EDU_5) # VTT interaction with education levels
30 * (1 + vtt_male * GENDER_1
31 + vtt_female * GENDER_2) # VTT interaction with gender
32 * (1 + vtt_freq_1 * FREQ_1
33 + vtt_freq_2 * FREQ_2
34 + vtt_freq_3 * FREQ_3
35 + vtt_freq_4 * FREQ_4
36 + vtt_freq_5 * FREQ_5
37 + vtt_freq_6 * FREQ_6) # VTT interaction with frequency
38 * (1 + sp2a_vtt * DUMMY_SP2A) # VTT interaction with sp2 dummy variable
39 * (1 + b_zelfBetalen_vtt * EMPPAYBINS_Low
40 + b_geheelVergoed_vtt * EMPPAYBINS_High
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41 + b_gedeeltelijkVergoed_vtt * EMPPAYBINS_Medium) # EMPPAY interaction with
VTT based on employment bins

42 * (BASETIME / BaseTime0) ** lmda_t_vtt
43 * (BASECOST / BaseCost0) ** lmda_c_vtt # Basetime and basecost interaction with

VTT
44 * (1 + vtt_inc1 * INC_1
45 + vtt_inc2 * INC_2
46 + vtt_inc3 * INC_3
47 + vtt_inc4 * INC_4
48 + vtt_inc5 * INC_5
49 + vtt_inc6 * INC_6) # Income interaction with VTT
50 )
51 )
52 )



B
Correlation table

Variable % TCR TCR
group

RESP_ID -0.03 0.04
question -0.00 -0.00
SP -0.01 -0.00
Block -0.00 0.00
ATTR_ORDER -0.01 0.00
ALTORDERCHANGE 0.01 -0.01
QUESTIONX 0.00 -0.00
CHOICE -0.00 0.01
COST_L 0.16 -0.15
COST_R 0.16 -0.15
TIME_MIN_L 0.16 -0.12
TIME_MIN_R 0.16 -0.12
USEDESTR_L -0.01 0.02
USEDESTR_R 0.00 0.00
REL1_L 0.16 -0.13
REL2_L 0.17 -0.13
REL3_L 0.17 -0.13
REL4_L 0.17 -0.14
REL5_L 0.17 -0.14
REL1_R 0.16 -0.13
REL2_R 0.17 -0.13
REL3_R 0.17 -0.14
REL4_R 0.17 -0.14
REL5_R 0.17 -0.14
SDEV_DESIGN_L 0.11 -0.09
SDEV_DESIGN_R 0.11 -0.09
SDEV_ACTUAL_L 0.12 -0.10
SDEV_ACTUAL_R 0.12 -0.10
IS_REFBASEID 0.00 -0.01
QUADRANT 0.00 -0.00
RECRUITMENTTYPE -0.03 0.04
EXP2 0.02 0.01
CURRENTMODE 0.05 -0.00
PURPOSE 0.08 -0.06
USEHENSHER -0.01 0.02
PAID_EMPLOYMENT -0.44 0.46

Variable % TCR TCR
group

DECISION_BY_EMPLOYER -0.17 0.17
BASECOST 0.17 -0.16
BASETIME 0.16 -0.13
GENDER -0.06 0.03
AGE_CLASS -0.06 0.08
EDU_CLASS 0.01 -0.01
INCOME_CLASS 0.01 -0.01
WORK_SITUATION_CLASS -0.05 0.07
ZZP -0.19 0.20
HHSIZE -0.03 -0.03
GROUPSIZE_CAR 0.06 0.11
GROUPSIZE_OTHER -0.02 -0.02
FREQ_0 -0.01 0.04
FREQ_A 0.00 -0.04
ACTIVITY_ORIG -0.01 0.02
ACTIVITY_DEST -0.06 0.08
AIR_ACCESS_MODE -1.00 1.00
AIR_EGRESS_MODE 1.00 -1.00
PTMODES_1 0.17 -0.15
PTMODES_2 0.09 -0.07
PTMODES_3 0.03 -0.02
PTMODES_4 -0.10 0.09
PTMODES_5 -0.08 0.07
PTMODES_6 -0.03 0.04
PTMODES_7 -0.05 0.03
PTMODES_8 -0.05 0.05
PTMODES_9 0.06 -0.06
PTMODES_10 0.03 -0.04
WHEN_AUTO_OV_ACTIVE -0.01 0.05
FF_TRAVTIME 0.17 -0.13
TRAVTIME 0.16 -0.13
DISTANCE 0.17 -0.16
SPEED 0.10 -0.12
NTRANSFERS 0.07 -0.05
EMPPAY -0.93 1.00
EMPPAY_PERC_DEF 1.00 -0.93
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Estimates SCBA Ring Utrecht

Table on the next page
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Table C.1: Mixed-Logit estimates used in the Ring Utrecht SCBA. The increase in LogLikelihood, DoF, LRS, and Better model
at α = 1% are comparisons to the model to its neighbor on the left. The parameters denoted by either δsbscrpt or µsbscrpt are

interaction parameters with the V TT and the scale parameter µ. They should be interpreted as relative changes irrespective of
the other interaction parameters. Thus, δfemale = 0.18 denotes that females have a V TT which is 18% higher than those of
males ceteris paribus. The Obs column lists the number of observations for which the corresponding dummy variable is equal

to one. For example, the sample contained 3408 observations from males and 2432 from females.

Not accounting for TCR TCR on VTT only TCR on VTT + scale
Number of individuals 730 730 730
Observations 5840 5840 5840
Estimated parameters 27 29 31
Estimation time (hh:mm:ss) 00:32:20 00:34:59 00:28:51
Iterations 32 31 30
LL(final) -2304.17 -2299.72 -2296.76
Adj.Rho-square (0) 0.42 0.42 0.43
Adj.Rho-square (C) 0.42 0.42 0.43
BIC 4842.51 4850.94 4862.37
Increase in LL - 4.45 2.96
Increase in DoF - 2 2
LRS - 8.90 5.92
Better model at α = 1% - No No
Better model at α = 5% - Yes No
Better model at α = 10% - Yes Yes

Parameter Obs estimate t-ratio(0) estimate t-ratio(0) estimate t-ratio(0)

µ -1.37 -17.13 -1.37 -17.13 -1.25 -14.00
µfTCR 1552 0.00 NA 0.00 NA 0.00 NA
µpTCR 2168 0.00 NA 0.00 NA 0.22 2.19
µnTCR 2120 0.00 NA 0.00 NA 0.12 1.20
λTµ -1.03 -11.37 -1.03 -11.40 -1.01 -11.07
λCµ -0.11 -1.79 -0.11 -1.80 -0.12 -1.92
V TT (mean lognormal dist.) 14.82 16.99 17.06
V TTµ 2.16 12.90 2.30 13.27 2.30 13.28
V TTσ 1.04 25.08 1.03 24.91 1.03 25.00
δfTCR 1552 0.00 NA 0.00 NA 0.00 NA
δpTCR 2168 0.00 NA -0.25 -2.99 -0.25 -3.05
δnTCR 2120 0.00 NA -0.26 -2.85 -0.26 -2.87
λT 0.28 2.18 0.25 1.93 0.25 1.94
λC 0.46 5.21 0.47 5.25 0.47 5.27
δinc,1 848 -0.19 -1.40 -0.18 -1.27 -0.18 -1.25
δinc,2 1496 -0.18 -1.58 -0.15 -1.28 -0.15 -1.24
δinc,3 744 -0.36 -3.24 -0.35 -3.15 -0.35 -3.15
δinc,4 1288 0.00 NA 0.00 NA 0.00 NA
δinc,5 472 -0.01 -0.06 -0.02 -0.12 -0.03 -0.13
δinc,6 992 -0.23 -1.90 -0.23 -1.85 -0.23 -1.86
δmale 3408 0.00 NA 0.00 NA 0.00 NA
δfemale 2432 0.01 0.07 0.05 0.45 0.05 0.45
δfreq,1 216 0.10 0.34 0.06 0.21 0.06 0.21
δfreq,2 480 -0.27 -1.90 -0.29 -2.04 -0.29 -2.05
δfreq,3 688 -0.01 -0.06 -0.01 -0.05 -0.00 -0.02
δfreq,4 1368 0.00 NA 0.00 NA 0.00 NA
δfreq,5 1816 -0.13 -1.08 -0.12 -1.01 -0.12 -1.00
δfreq,6 1272 0.28 1.47 0.28 1.45 0.28 1.45
δedu,1 680 -0.18 -1.26 -0.20 -1.45 -0.20 -1.44
δedu,2 1792 -0.18 -1.91 -0.21 -2.28 -0.21 -2.31
δedu,3 712 -0.09 -0.66 -0.10 -0.75 -0.10 -0.74
δedu,4 2624 0.00 NA 0.00 NA 0.00 NA
δedu,5 32 0.45 0.52 0.59 0.62 0.59 0.62
δpanel 5120 0.00 NA 0.00 NA 0.00 NA
δintercept 720 0.27 1.46 0.31 1.58 0.30 1.57
δage,1 1752 0.01 0.10 0.03 0.22 0.03 0.21
δage,2 2120 0.00 NA 0.00 NA 0.00 NA
δage,3 1848 -0.14 -1.33 -0.12 -1.16 -0.12 -1.18
δage,4 120 -0.21 -0.93 -0.16 -0.71 -0.17 -0.74
δzzp 288 0.41 1.38 0.43 1.40 0.42 1.39
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The Impact of Travel Cost Reimbursement on the
Value of Travel Time

Levi Mulder

Abstract

To determine whether the investment in an infrastructure project, e.g. a new train track, is worthwhile often a cost-benefit
analysis is used. This cost-benefit analysis (CBA) is used to determine whether the benefits of a particular investment outweigh
the costs. In the context of infrastructure projects, the largest benefits are often the travel time savings as a result of a shorter
travel time for the (new) users of that piece of infrastructure. To trade off the monetary costs required to build e.g. the railroad and
the travel time savings one needs a ”conversion factor”. This factor is referred to in practice as the value of travel time (V TT ).
Since governments have limited resources for infrastructure projects, accurately determining the V TT helps prioritize projects
that deliver the greatest societal benefits.

In practice, this V TT is often determined through discrete choice experiments (DCE). In a DCE a respondents are asked to
make trade-offs between time, money and other attributes. Through the estimation of a mathematical model, one can extract the
V TT . However one can imagine that making this tradeoff is somewhat different for respondents who are normally reimbursed for
their travel cost. These respondents normally do not have to consider costs, or part of them, in their day-to-day travel decisions.
Therefore their value of travel time might be different. If such a difference exists one would want to take this into account when
calculating national V TT averages.

Thus the research question posed is; To what extent does a travel cost reimbursement in a stated choice experiment affect the
value of travel time?

We investigated the impact of travel cost reimbursement (TCR) on the value of travel time (V TT ) using both the NL2022
(Netherlands) and UK2014 (United Kingdom) datasets. We hypothesized three mechanisms through which a V TT difference
could appear: whether TCR influenced the V TT directly, if respondents with a TCR made less consistent choices, and if these
respondents exhibited a higher willingness to accept (WTA) compared to those without TCR. Utilizing Multinomial Logit (MNL)
and Mixed Logit (ML) models, we analysed the effect of receiving TCR on the V TT while allowing for discrete scale heterogeneity.
Furthermore, by considering the respondents’ reference situation, we separated a TCR interaction on the V TT into willingness to
accept (WTA) and willingness to pay (WTP) components. The models developed for this research accounted for socio-economic
interactions and ensured that the findings were robust across different experimental setups.

The results indicated that commuter respondents, in the NL2022 dataset, with a full Travel Cost Reimbursement had a V TT
which was approximately 29% - 45% higher compared to respondents who did not receive a reimbursement. The same type of
respondents in the UK2014 dataset reported a V TT which was approximately 58% - 143% higher. This effect was significant
and consistent for experiments in which only time and cost were presented as attributes of the alternatives. However, as the
number of attributes in the choice task increased the difference in V TT was no longer significant. Furthermore, we were unable
to discover any consistent patterns regarding scale heterogeneity between the V TT for nTCR and TCR respondents. Therefore we
cannot accept our hypothesis that respondents who receive a travel cost reimbursement make less consistent choices. Moreover,
the interaction with the V TT was more predominant in the WTA domain compared to the WTP domain. However, the model
which took this into account did not perform statistically better in terms of model fit compared to a model which only allowed
for equal TCR interaction on both the WTA and the WTP quadrant.

We concluded that the V TT is significantly different for respondents receiving and not receiving a travel cost reimbursement,
but that these changes cannot be explained through scale heterogeneity or a WTA, WTP disparity. We argue that national V TT
values should take travel cost reimbursement into account as national V TT values are in practice based on the 2-attribute time-cost
experiments.

Index Terms

Choice Modelling, Heteroskedasticty, MNL, Mixed Logit, Scale heterogenetiy, Travel Cost Reimbursement, VTT.

Levi Mulder is a graduate student from the Technical University of Delft
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I. INTRODUCTION

TO determine whether the investment in an infrastructure project, e.g. a new train track, is worthwhile, governments often
use a cost-benefit analysis. This cost-benefit analysis (CBA), as conceived by [1] is used to determine whether the benefits

of a particular investment outweigh the costs. In the context of infrastructure projects, the largest benefits are often the travel
time savings as a result of a shorter travel time for the (new) users of that piece of infrastructure. [2] To trade off the monetary
costs required to build e.g. a railroad and the travel time savings one needs a ”conversion factor”. This factor is referred to as
the value of travel time (VTT). Since governments have limited resources for infrastructure projects, accurately determining
the VTT helps prioritize projects that deliver the greatest societal benefits.

The trivial way to determine this VTT would be to ask people directly, ”What are you willing to pay to shorten your journey
by 15 minutes?”. However, people are not ”programmed” to explicate the way we make choices. This is also empirically proven
in for example location research into refugee camps [3]. When people are asked whether to explicate their choices they tend
to give socially desirable answers. In this example by [3] respondents told that they would be willing to welcome refugees,
but whenever they were able to actually choose the extent to which their neighbourhood would welcome refugees, they were
not so welcoming anymore. Thus when observing their actual choice behaviour their underlying preferences tell a different
story. Furthermore, economic theory [4] is based on what people do, thus what choices they make, not on their judgements.
Therefore, in practice and academics one often uses stated preference as introduced by [5], [6] to determine the VTT.

In stated preference, respondents (people who answer the questionnaire) are presented with hypothetical choice situations
which can be fully controlled by the researcher. Respondents are asked to make a tradeoff between travel cost and travel time.
One of the options is cheaper but slower, the other one is quicker but more expensive. Furthermore, contrary to RP, in SP the
alternatives (choice options) and the number of attributes (characteristics) can be fully controlled by design. It is thus possible
to present respondents with choices which they normally are not able to make in real life. These characteristics make SP a
popular method to determine the VTT and are one of the reasons this method is used in the Netherlands [7].

To calculate the VTT, from an SP study, one needs to present respondents with variations in the time and cost attribute in
a choice task. Thereafter, the researcher can calculate the value of travel time by analysing the choices using a mathematical
model.

One can imagine that making this tradeoff could potentially be somewhat distanced for respondents who receive a travel
cost reimbursement (TCR). These respondents suddenly have to take costs into account, which they normally might not or only
partially. Travel costs might not show up in their bank account and it often does not impact their monthly expenses. Therefore,
if such a respondent bases their choices on their usual day-to-day travel decisions, their VTT could be significantly higher as
compared to respondents who have to normally pay for the travel costs themselves. It would be relevant to evaluate whether
the VTT for respondents with and without a travel cost reimbursement differs indeed, as An impressive 80% of employees
in the Netherlands receive some form of travel cost reimbursement. Thus the number of people in the population to whom a
different VTT might apply is extensive [8]. This relationship is, to the author’s knowledge, not yet covered in the scientific
literature, as will be elaborated on in subsection I-A.

As the value of travel time is important in allocating money to projects which yield the greatest societal benefits, it is
important to investigate to what extent and for which choice tasks a travel cost reimbursement impacts the VTT.

A. Research Gap

As was stipulated above the focus of this paper is to investigate whether respondent travel cost reimbursement impacts the
value of travel time. In this section, this aim is analysed by synthesising the body of scientific knowledge.

Many different forms of reimbursement have been examined. Some are incentivizing travel through a financial bonus, [9],
[10] others penalizing some form of travel through a financial penalty. [11], [10], [12] All aim to quantify the effects of some
policy on respondent preferences. A good example is provided by [9] who investigated the relationship between commuter
benefits and transportation mode choice. They found that benefit programs designed to encourage walking, cycling, and using
public transport were effective in increasing the use of these modes of transportation. One interesting finding is that all studies
focus on some form of reimbursement scheme and mode-choice behaviour. None of these articles review to what extent a
travel cost reimbursement could impact the VTT.

If respondents with a TCR base their choices on their reference situation we would expect them to more frequently choose
the more expensive option because cost is of less, or no, importance in their reference situation, therefore increasing their
VTT. The size of the potential difference will thus be dependent on the extent to which these respondents base their choices
on their “normal reimbursed” situation. Why respondents would base their decisions on their reimbursed situation is discussed
in subsection I-C.

This culminates in the first hypothesis; We hypothesise that respondents with a travel cost reimbursement will have a
significantly higher VTT as compared to respondents who do not receive a travel cost reimbursement.

Additionally, there might be other behavioural mechanisms which could cause respondents with a travel cost reimbursement
to alter their choice behaviour and therefore indirectly affect the VTT. Respondents with a travel cost reimbursement might
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have a lower choice task motivation because their choices normally have no direct consequences in real life. This is called
lack of payment consequentiality [13] or lack of budget constraints [14]. From the point of view of the respondent, this in
essence means that they feel like; ”I don’t really care about these choices as my travel costs are reimbursement anyhow.”
Therefore they could exert less cognitive effort when making choices. It has been shown that less cognitive effort and choice
task motivation could lead to a lower choice consistency [15], [16]. Choice consistency in its turn can bias model parameters
[17]. The reasoning is that a higher degree of randomness in the choices can be captured as a lesser degree of importance
of the model parameters, therefore lowering the VTT. As such, a lower degree of choice consistency for respondents with a
travel cost reimbursement could indirectly lower the VTT, whilst in essence, the VTT might actually be higher. This effect
could therefore also dampen the direct effect postulated in Hypothesis 1. The exact workings of how choice consistency can
bias model parameters is left to subsection I-C. Furthermore, other potential behavioural mechanisms are also discussed in
subsection I-C. This culminates in our second hypothesis; We hypothesise that respondents with a travel cost reimbursement
make less consistent choices as compared to respondents without a travel cost reimbursement.

There is a third way, a third hypothesis, through which travel cost reimbursement could impact the VTT. It might be possible
that respondents with a travel cost reimbursement reasonably assume that cost levels up to their reference costs are reimbursed
and costs above their reference level are not. This assumption is not unreasonable when one considers that there are many
forms of travel cost reimbursement which are fixed at a certain limit. If this assumption echoes through in their choices, they
will opt more often for the more faster but expensive route if the costs are below their reference, and they will more often
choose the cheaper but slower route whenever the costs are above their reference costs. This would thus imply two different
values for the VTT. We provide a visual interpretation in Figure 1.

Fig. 1: Visual representation of Hypotheses 3. Indifference curves for a two-attribute time, money trade-off. The graph is
centred on the reference travel time and travel costs of the respondents. ∆T and ∆C respectively denote the time and the cost
difference relative to the respondent’s reference time and cost levels.

Do observe that the discontinuity in Figure 1 as described above is also present for respondents without a reimbursement.
This discontinuity at ∆T = 0,∆C = 0 is referred to as a sign effect in the choice modelling literature[18]. It is often explained
through the behavioural phenomena known as loss aversion[19]. This sign-effect is well documented and it appears in both
scientific [20] and applied work [7]. However, as also visualised Figure 1 we argue this well-known discontinuity might very
well be more prominent for respondents with a reimbursement as compared to respondents without. To summarise our third
hypothesis; We hypothesise that respondents with a travel cost reimbursement have a significantly higher willingness to accept
(WTA) as compared to respondents without a travel cost reimbursement.
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B. Goal & Research Question

Thus to further understand the relationship between travel cost reimbursement and the value of travel time the author aims
to answer the following research question:

”To what extent does a travel cost reimbursement in a stated choice experiment affect the value of travel time?”
The sub-questions are presented below following the previously stated hypotheses. subsection I-C further elaborates on the
necessary theory and relevant literature for each of these sub-questions.

1) When does a travel cost reimbursement impact the V TT ?
2) Do respondents with a travel cost reimbursement make less consistent choices?
3) Does a travel cost reimbursement impact the WTP and the WTA differently?
4) To what extent do sign effects and choice consistency explain an effect of TCR on the V TT ?
5) What is the impact of the findings on national cost-benefit analysis?
By answering this research question and its subquestions the contribution to the literature is threefold: It will potentially

provide analysts tasked with calculating value of travel time metrics grips on how to take travel cost reimbursement effects into
account. Secondly, it will provide researchers insight into the choice behaviour of respondents with a travel cost reimbursement.
Lastly, it could further inform policymakers about the effects of travel cost reimbursement and how it changes people’s
preferences.

We tested our hypotheses on the Dutch national [7] value of travel time study and the UK national [21] value of travel
time study. These studies both documented whether or not a respondent received a travel cost reimbursement. As we a priori
expected potential effects to be small, the large sample sizes of these studies were deemed to be of use. Secondly, these studies
can both be subdivided into multiple sub-studies, which varied the number of attributes. This enabled us to test the hypotheses
across these sub-studies and therefore allow for a more varied analysis and generalize the results to a greater extent.

Furthermore, these two datasets enabled us to evaluate the hypotheses for two different types of instructions. Respondents
for the NL2022 dataset were instructed to ignore their reimbursement and make choices as if they had to pay out of their own
pocket. The UK2014 survey instructed respondents to take a travel cost reimbursement into account if applicable.

To generalize the results as much as possible we aimed to develop both Multinomial- [4] and Mixed Logit models [22].
Furthermore, non-parametric and parametric analyses had to be performed to ensure that the travel cost reimbursement
parameters did not capture any other socioeconomic effects. Testing the statistical significance of the final model parameters,
enabled the evaluation of possible reimbursement effects. The specifics of the methods are elaborated in section III.

This paper structured as follows; In subsection I-C the necessary literature and theory are presented to fully understand the
hypotheses which are formalized in section II. Subsequently, in section III the method to test these hypotheses is discussed.
This Method chapter covers the model development process, the data samples used, model estimation and finally model
application on a case study. Thereafter section IV discusses the results structured around the hypotheses and ends with the
model application results on the case study. The findings are discussed and summarized in section VI and discusses subsequently
the; methodological implications, policy implications, limitations and suggestions for further research.

C. Choice Consistency and Error Heterogeneity

Linking choice consistency to error heterogeneity was done by several papers [23], [24], [16], [25], [15], [26], [27] all related
a some form of choice consistency to the scale parameter. However, scale parameter variations are often directly linked with
choice task complexity. [26] is one of the few who formally links error heterogeneity to the notion of choice consistency. This
is arguably a better definition as the actual observation in the choice data is a variation in choice consistency which is captured
by a heterogeneous error term. In many papers, the link with choice task complexity is the main research objective and the
link with error heterogeneity is made without mentioning choice consistency. We therefore adopt the definition of [26], who
states that:

”Choice consistency is measured as the variance of the random error component in the consumer utility function:
the smaller this variance, the higher choice consistency.” [26]

We can thus relate choice consistency to the magnitude of the scale parameter µ. However, we must stress that we can only
talk about choice consistency relative to the observed utility. Thus conceptually, choice consistency is in essence the degree
to which respondents ”follow” the utility function defined by the researcher. In other words, how well the utility function can
explain the observed choices.

D. Modelling Scale Parameter Variations

There are several options available to model scale parameter variations. These scale parameter variations are sometimes
referred to as, error heterogeneity, scale heterogeneity or heteroskedasticty [26]. These terms are used interchangeably in the
scientific literature. [28] were one of the first to provide a model for (discrete) error heterogeneity. It was employed to be
able to account for error heterogeneity across datasets to be able to estimate a combined RP, and SP model. It involves a
nesting structure where respondents are assigned to nests based on whether they were part of the RP or the SP dataset. They
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estimated a parameter which denoted the difference in scale across the two datasets. [29] further developed this to what they
call a Generalized Mixed Multinomial Logit Model, to be able to account for both taste and scale heterogeneity. This approach
enabled [29] to model a continuous form of heteroskedasticity. He based his approach on the idea that the degree of randomness
in choices has a certain distribution in the population. The work by [29] work was criticised by [20]. They argue that the
G-MNL model is not a generalisation of the Mixed Logit Model but instead a more restrictive version. This argument is
based on the fact that mixed-logit when specified properly can accommodate a full covariance matrix between the randomly
distributed attributes. In the standard G-MNL specification, this covariance matrix in essence collapses to a single parameter.
As we aim to model heteroskedasticity across, what we assume are homoskedastic subsets, the more discrete approach provided
by [28] provides the best framework.
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II. HYPOTHESES

The goal of this chapter is to formalize the hypothesis stated in the Introduction. The method to test the hypotheses is
not discussed in this chapter but left to section III. Thus coding of variables, sample information, data suitability and model
development are all discussed there.

Hypothesis 1, The Value of Travel Time

Our hypothesis stated in section I stated that respondents with a TCR might have a higher V TT compared to respondents
not receiving a travel cost reimbursement. The hypothesis stated in the introduction is as follows; In the context of a stated
choice experiment, we can formalize this hypothesis and its corresponding null hypothesis as Equation 1

H0 :
βtime,reimb

βcost,reimb
=

βtime,non-reimb

βcost,non-reimb
(1)

H1 :
βtime,reimb

βcost,reimb
>

βtime,non-reimb

βcost,non-reimb
(2)

The same hypothesis but now presented in willingness to pay space is given in equations Equation 3 and Equation 4.

H0 : VTTreimb = VTTnon-reimb (3)
H1 : VTTreimb > VTTnon-reimb (4)

Several behavioural arguments and one microeconomic argument can be made to support Equation 1. Firstly, from a
behavioural viewpoint, lack of payment consequentiality [13] for respondents with a TCR could increase the V TT . In the
context of discrete choice experiments, payment consequentiality ensures that respondents treat the hypothetical choices as if
they were real decisions involving actual financial costs or benefits. Respondents accustomed to reimbursements may struggle
to internalize the hypothetical scenario where they bear the travel costs themselves. This discrepancy is primarily because their
real-world decisions involve no direct financial consequences, leading to less careful consideration of cost implications in a
hypothetical context such as a discrete choice experiment.

Secondly, also from a behavioural viewpoint, budget constraints [14] could also cause an increase in the V TT for respondents
receiving a TCR. The argument is quite simple, whenever a respondent does not receive a travel cost reimbursement, a change
in the cost of their day-to-day commute could significantly impact their monthly finances. Therefore, their actual real-life
budget for travel expenses could constrain how much they are willing to spend on travel costs. Respondents who do receive a
fTCR or a pTCR do not have to consider these budget constraints.

Thirdly, Thaler’s concept of mental accounting [30] explains how individuals separate their finances into different accounts
for various purposes. The ”mental account” out of which travel expenses are paid is quite small for respondents who receive
a fTCR or a pTCR. Whereas for respondents not receiving a TCR the ”mental account” out of which travel expenses are
paid naturally has to be larger. Therefore, the psychological cost associated with more expensive choices could be lower for
respondents receiving a TCR and consequentially increase their V TT compared to their non-reimbursed counterparts.

Lastly, from a microeconomic perspective, the actual disutility of costs in real-life decisions is lower whenever travel costs
are reimbursed. Therefore time is relatively more important than costs which consequentially increases the V TT [4].

These behavioural phenomena are not new to practitioners, therefore what is often done in practice is to instruct respondents
to, either take or not take their TCR into account. The purpose of such an instruction is to reduce the likelihood that respondents
make assumptions about the choice situation. In our case, respondents in the NL2022 survey were instructed to; make decisions
as if they were travelling in their own time and that they have to pay for the costs themselves. Respondents in the UK2014
survey were instructed to; take into account who normally pays for their journey when making choices. However, as is also
widely established, respondents do not read instructions meticulously [31]. Thus the behavioural phenomena as described
earlier can still play a role in the decision-making process. The fact that respondents in the UK2014 and the NL2022 surveys
got different instructions might even increase the extent to which our results are generalisable.

Hypothesis 2, Scale Heterogeneity

The second hypothesis stated in the introduction is as follows: ”We hypothesise that respondents with a travel cost
reimbursement make less consistent choices as compared to respondents without a travel cost reimbursement. In we can
formalize this hypothesis and its corresponding null hypothesis as Equation 5.

H0 : µreimb = µnon-reimb (5)
H1 : µreimb > µnon-reimb (6)
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To understand Equation 5 we again ought to define a few concepts, starting with the interpretation of the scale parameter.
Thereafter, we explain, with the body of scientific literature and with a synthetic example, why the scale parameter is relevant
for the VTT.

We now argue why travel cost reimbursement could impact choice consistency based on several behavioural notions. Firstly,
respondents without reimbursement might be prone to start calculating what an alternative means for their monthly expenses.
Respondents with a travel cost reimbursement might not feel the need to make such calculations, again related to lack of
payment consequentiality [13]. Therefore the respondents without a travel cost reimbursement could potentially put in more
cognitive effort when making choices because they are making actual calculations or inferences about what an alternative would
mean for their actual expenses. [32] has shown, in a series of now-famous experiments, that cognitive effort could activate
analytic reasoning. The idea by [32] was such, that when faced with cognitive strain, individuals are more likely to reject
intuitive answers and engage more thoroughly with the task to solve problems accurately. [33] described this as; cognitive
strain activating analytic reasoning and cognitive effort. An increase in cognitive effort in its turn increases choice consistency.

Secondly, as indicated by [15], the significance of a product class —measured by factors like the proportion of an individual’s
income— is related to the amount of cognitive effort people put into a decision. The significance of costs in proportion to
an individual’s income is naturally lower whenever an individual receives a TCR. Consequentially, respondents with a TCR
could be less motivated to exert a substantial amount of cognitive effort when making choices, increasing randomness and
therefore decreasing the magnitude of the scale parameter.

Note that these three behavioural theories are analogous and are all able to explain a potential effect on choice consistency.

Hypothesis 3, Sign Effects

Our third hypothesis stated that a difference in the V TT might be explained through an asymmetry in the preferences of
respondents with a TCR. We can mathematically formalize the hypothesis per Equation 7.

(WTATCR −WTAnTCR)

WTAnTCR
>

(WTPTCR −WTPnTCR)

WTPnTCR
(7)

Where
WTATCR is the willingness to accept a deterioration in travel time for respondents receiving a travel cost reimbursement,
WTAnTCR is the willingness to accept a deterioration in travel time for respondents not receiving a travel cost reimburse-

ment,
WTPTCR is the willingness to pay for an improvement in travel time for respondents receiving a travel cost reimbursement,
WTPnTCR is the willingness to pay for an improvement in travel time for respondents not receiving a travel cost

reimbursement.
The reasoning is simple; as stated in the introduction a respondent who receives a travel cost reimbursement might very

well assume that their costs are reimbursed up to their normal travel costs. Therefore, costs which are below the respondents’
reference might be of less importance to them, causing an increase in the V TT . However, this increase in the V TT will thus
not be constant across all cost levels since cost levels above the respondent reference might normally not be reimbursed for
that respondent. To understand Equation 7 we thus first ought to discuss; what an asymmetry in preferences entails, where it
usually refers to, what the behavioural notion is and why it is relevant for the overall V TT .

Now that we established what the sign effect is and where it comes from we argue why a TCR could have an asymmetric
impact on the V TT . There are two behavioural reasons which motivate the hypothesis in Equation 7.

Firstly, respondents with a TCR could potentially assume that up to their reference costs level is reimbursed. As their
willingness to accept, WTATCR, is determined based on choices with travel costs below their reference travel costs, the
WTATCR could be higher as compared to respondents who do not receive a TCR. Along the same line of reasoning, we
can argue that, under the assumption that respondents receive a TCR up to their reference level, the WTPTCR should not be
much different as compared to the willingness to pay for respondents not receive a travel cost reimbursement WTPnTCR.

The second reason which motivates the hypothesis in Equation 7, is that there are types of travel cost reimbursement which
are limited to a fixed amount. Applying microeconomic reasoning, the disutility of the travel costs is, therefore, lower below this
fixed amount and higher above this fixed amount. Thus creating a discontinuity in the V TT at that fixed amount. Regardless
of the limit of the travel cost reimbursement, this will always result in a larger difference between the WTATCR and the
WTPTCR as compared to respondents who do not receive a TCR.
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III. METHOD

This chapter is devoted to the method applied to be able to answer the research question and the sub-research questions. Do
note that the first sub-research question has been the topic of section subsection I-C. We first present the details of the datasets
and methodology used in the research. It begins with a description of the dataset, including the choice tasks, reimbursement
information retrieval, and filtering criteria for respondent instructions. We present a summary table, a table of reimbursement
categories, and a reimbursement percentage distribution graph. Next, we assess data suitability and discuss limitations. The
operationalization section covers coding of travel cost reimbursement variables, defining reimbursement bins, and presenting
distribution tables and figures. The models applied include Multinomial Logit (MNL), MNL with heteroskedasticity, and Mixed
Logit (ML). We describe the model development process, from initial analysis to evaluating reimbursement effects and adding
interactions. We end this chapter by describing how we applied the developed model to assess policy implications. But, we
begin this chapter with a general overview of model development.

A. Coding and Definition of TCR

We now define the DTCR variables as denoted in Equation 8 and Equation 9. To do so we discuss how TCR information
is measured, how respondents were instructed to deal with an eventual TCR and the corresponding model parameters.

Respondents self-reported whether they received a TCR. The options which were presented to the respondents are presented
in Table I. In the NL2022 dataset, respondents were first instructed to think of a journey they recently made and to state e.g. with
what type of mode and for what purpose they made this journey. Thereafter, respondents were told that the entire questionnaire
would be about this journey they just described. Respondents were eventually asked to state if they received some form of
reimbursement for this reference journey. Respondents could choose amongst the options presented in Table I. The UK2014
approach is, apart from specific wording, the same. Travel cost reimbursement information was retrieved similarly, by asking
respondents to self-report the travel cost reimbursement of their reference trip, subsequently, it was stated that the questions
in the survey would be about that reference trip. The descriptions are matched to those in the NL2022 dataset in Table I.

TABLE I: Options for travel expense reimbursement

Option NL2022 UK2014

1 Yes, in full Employer/company paid
2 Yes, partially -
3 Yes, travel costs were shared with fellow passengers Shared with other travellers
4 No, no reimbursement I paid all costs
5 There were no travel expenses for me All paid by other travellers, Colleague /partner/family member paid
6 Other, namely: Other (please specify)

In the NL2022 dataset, when respondents reported receiving a partial travel cost reimbursement a subsequent question was
asked; ”What percentage of the travel costs was reimbursed?” Which again is thus a self-reported metric. However one can argue
that a respondent with a reimbursement of e.g. 10% has in fact paid most of the trip out of their own pocket. We therefore opted
to redistribute the categorical reimbursement statuses. Respondents with a partial reimbursement were redistributed according
to Table III. Thus respondents who reported receiving a partial travel cost reimbursement of e.g. 9% were added to the No
reimbursement category.

In the NL2022 dataset, only respondents with reimbursement options 1,2 and 4, in Table III, were selected for the analysis.
This was done since for these options the reimbursement status is unambiguous and the number of observations was satisfactory.
In the UK2014 dataset, only respondents with reimbursement options 1 and 4 were selected for the analysis. This was done
based on the number of observations. Furthermore, respondents were also filtered based on several rules. For example, whenever
the self-reported travel cost was unrealistic, respondents were removed from the dataset. It is outside the scope of this study to
cover all these filtering procedures. Instead, we provide Table II with an overview of the final selection of observations. Thus
denoting the number of completed choice tasks, not the number of respondents.

The meaning of the TCR variables differs slightly between the NL2022 and the UK2014 datasets as the respondents got
different instructions on how to deal with their TCR.

For the UK2014 dataset, the respondents were instructed to:
”Please imagine that each situation is exactly the same as for the actual #MODE# journey at the time you made
the journey, except for the travel costs and travel time. Choose the one you prefer, keeping in mind all of the
circumstances of the #MODE# journey at the time you made the journey and assuming that the only things that
vary are the costs and times shown. For each of the following pairs of options, carefully compare the two options,
bearing in mind who paid for the actual journey and who else is travelling with you.”[21]

For the NL2022 dataset respondents were instructed to:
”Imagine that you can choose between two different routes. The travel time can vary, for example, because one trip
is shorter or less congested, and not because you accelerate more quickly. The costs can also vary, for example,



REPOSITORY TU DELFT 2024 9

TABLE II: NL2022 and UK2014, Observations distributed per mode

Mode Commute (1) Business (2) Total

Car (1) 11680 5008 16688
Train (2) 7832 2456 10288
BTM (3) 6848 2024 8872

Total (NL2022) 26360 9488 35848

Car (1) 4835 8650 13485
Train (2) 4585 8790 13375
LRT (3) 2900 2300 5200
Bus (UK2014, 4) 1675 200 1875

Total (UK2014) 13995 19940 33935

because one trip requires less fuel. Each time, we ask which trip you prefer. For each choice, assume that both trips
are feasible (even if they seem unrealistic), you travel in your own time, all costs are for your account, and all other
characteristics are equal for both trips (equally safe, equally pretty, parking costs are equal, etc.). Additionally, all
other circumstances, such as the weather and your appointments and activities that day, are the same as during the
journey you have described.”[7]

Note that the respondents of the UK2014 dataset were instructed not to ignore their travel cost reimbursement. We argue
that this is an advantage because this difference might explain differences in the TCR interactions.

To include the TCR in the model specification, dummy coding was applied. The reason for applying dummy coding instead
of effects coding has to do with the way the parameters can be interpreted. In effects coding the parameters should be interpreted
relative to the sample average V TT , when dummy coding we interpret the parameters as absolute values for every subgroup.
The absolute values for these subgroups are important in the calculation of national averages. Therefore dummy coding is
preferred over effects coding.

TABLE III: Coding for reimbursement levels, DnTCR, DpTCR and DfTCR

Variable Coding

Reimbursement DnTCR DpTCR DfTCR

0 to 15% No 1 0 0
15 to 85% Partial 0 1 0
85 to 100% Full 0 0 1

Quadrants DWTP DWTA
WTP quadrant 1 0
WTA quadrant 0 1

with this definition of the DTCR variables, the corresponding parameters have to be interpreted accordingly. To illustrate;
a δfTCR value of 0.09 and a t-ratio of 2.05, would indicate a 9% increase in the V TT compared to the category which is
fixed, (0.09 · 100% = 9%). The t-ratio of 2.05 would indicate that we can reject the null hypothesis that the V TT is equal
between groups with 95% certainty.
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B. Model Development

a) H1: As we hypothesised that with an increase in travel cost reimbursement the V TT would also increase we added
an interaction with the V TT and TCR, which is denoted by δTCR. The definition and coding of the TCR variable were
discussed in subsection III-A. Furthermore, we added the δTCR parameters as relative interactions. The magnitude of the δTCR

parameter must thus be interpreted as a relative change to the reference V TT . This specification allows for easy interpretation
and quick comparison with different magnitudes for the V TT itself. The interaction as described above is shown below in
Equation 8

Vij = µ · {Cij + [V TT · Tij · (1 + δTCR ·DTCR)]} ∀i ∈ I, j ∈ J (8)

Where parameters to be estimated are denoted in blue, and Cij and Tij are respectively the cost and time for alternative j
for respondent i. Furthermore, DTCR denotes the variable which corresponds with the TCR. Further definition of this variable
and the subsequent interpretation of the δTCR parameter is discussed in subsection III-A. We opted to use a significance level
of 95% throughout this study, consequentially whenever the t-ratio ≥ 1.96 1 we can reject the Null hypothesis that the V TT
is not dependent on TCR, and therefore supporting the alternative hypothesis that the V TT is dependent on TCR. This
hypothesis can naturally only be tested for experiments where a V TT can be accurately estimated, thus experiments which
include a cost and a time attribute, and where the number of respondents is sufficient.

b) H2: We expected an increase in travel cost reimbursement would lead to more random choice behaviour which can
be subsequently captured in the scale of the utility function as was discussed in subsection I-C. Hence, we incorporate TCR
interactions with the scale of the utility similarly to [26], [17], denoted in Equation 9

Vij = µ · (1 + µTCR ·DTCR) {Cij + [V TT · Tij · (1 + δTCR ·DTCR)]} ∀i ∈ I, j ∈ J (9)

Where again, the parameters to be estimated are denoted in blue, As preliminary estimates indicated significant interactions
between the V TT and TCR we opted to not solely add the µTCR but instead also add the δTCR interactions as previously
denoted in Equation 8.

Following the warnings given by [34], [35], simultaneously allowing for V TT interaction circumvents the scale parameter
from capturing differences in the V TT . With the specification as in Equation 5, this scale parameter interaction with TCR was
evaluated on experiments with two attributes, where only the V TT is allowed to be a random variable. This again circumvents
capturing other sources of correlation in the scale parameter [34], [35] This approach is very similar to the one applied in
[17], where they aimed to explain scale heterogeneity through respondent-experienced time pressure. To explicate; the scale
parameter µ is thus not specified as a random variable, again to circumvent capturing other sources of correlation.

This approach enabled us to evaluate the first and the second hypothesis with this specification since we allow for
differences in the V TT (Hypothesis 1) and differences in scale (Hypothesis 2). By comparing the estimates resulting from
both specifications we can evaluate to what extent allowing for scale heterogeneity changes the V TT estimates.

c) H3: Lastly, we hypothesised that a travel cost reimbursement effect on the V TT would be more profound in the
willingness-to-accept (WTA) compared to the willingness-to-pay (WTP ). To test this hypothesis we could only make use of
quadrant type questions. These are questions where one of the alternatives is exactly the same as the reference journey described
by the respondent, and the other alternative is either an increase in time but a decrease in costs or vice-versa. Consequentially,
the only sub-experiment which had these types of questions was the SP1A sub-experiment of the NL2022 dataset. These types
of questions enabled estimating two separate values for the V TT , denoted by the WTA and the WTP .[7] To evaluate our
third hypothesis we added a similar interaction as denoted in Equation 8 but now separated on the WTA and the WTP
parameters. This approach yielded the specification in Equation 10

Vij = µ ·
{
Cij +

[
WTP · Tij ·DWTP · (1 + δTCR,WTP ·DTCR)

]
+

[
WTA · Tij ·DWTA · (1 + δTCR,WTA ·DTCR)

]}
∀i ∈ I, j ∈ J

(10)

Where; DTCR,WTA, DTCR,WTP are dummy variables to denote whether a choice set belongs to either the WTA or the WTP
quadrant and δTCR,WTA, δTCR,WTP are the corresponding parameters. These parameters should again be interpreted as a relative
change to the reference WTA and WTP . Testing the third hypothesis was done by comparing the magnitudes of the δTCR,WTA,
δTCR,WTP parameters. A higher δTCR,WTA than δTCR,WTP would support our hypothesis. We tested whether this difference was
statistically different by (1), comparing it to a utility specification which allowed for WTA and WTP differences but restricted
the TCR interaction to be equal for both quadrants and evaluating whether the likelihood ratio statistic [36] yielded a significant
improvement in model fit (2), evaluating whether the 95% confidence intervals of the δTCR,WTA, δTCR,WTP parameters overlapped.
The utility specification which assumes a homogenous interaction on both the WTA and the WTP is specified in Equation 11.

1Naturally under the condition that the degrees of freedom are sufficient.
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Vij = µ ·
{
Cij +

([
WTP · Tij ·DWTP

]
+

[
WTA · Tij ·DWTA

])
·(1 + δTCR ·DTCR)

}
∀i ∈ I, j ∈ J

(11)

Where the δTCR parameter interacts equally on both the WTP and the WTA in a relative sense, as it is defined as a
multiplicative interaction. This specification is thus purely meant to provide a baseline where we do allow differences in the
WTA and the WTP , and subsequently evaluate what the average interaction is over the WTA and the WTP quadrants.

The limitations as discussed above defined the types of choice experiments which were eligible for testing. A summary is
provided in Table V.

1) Isolating TCR Effects: We ensured that the parameters which interact with TCR only capture V TT differences due to a
change in travel cost reimbursement. This was done because respondents with e.g. a high income are known to generally have
a higher V TT . We observed in our sample that respondents with a high income also had a higher likelihood of receiving a
full Travel Cost Reimbursement. Therefore we examined whether the distribution of TCR was related to other socioeconomic
or design-specific variables of which we a-priori knew from practical experience and or the body of scientific literature that
they interacted with either the V TT or the scale parameter (µ).

Examining whether there was a significant association between receiving a TCR and other variables, was done by performing
either a Chi-square test of association for categorical variables or a KrusKal-Wallis test for non-categorical variables [37], [38].
Whenever the Chi-Square test or the Kruskal-Wallis test indicated a statistically significant relation the variable was added as
an interaction. Instead of discussing all the test results we opted to provide them in Table IV. Do note that contrary to our
a-priori expectations all of the variables tested yielded significant differences between receiving or not receiving a TCR.

Furthermore, whenever an association between the variable and the TCR was significant we calculated the Cramers-V for
the Chi-Squared test or the η2 for the Kruskal-Wallis test to indicate the size of the effect. 2

TABLE IV: Results of Chi-square and Kruskal-Wallis tests, to test whether a different number of reimbursed respondents
across groups is statistically significant.

Variable Test Statistic p-value D.O.F. Cramér’s V / η2 Effect Size

Gender Chi-Square 245.252*** < 0.001 2 0.078 Negligible
Income class Chi-Square 404.114*** < 0.001 10 0.071 Negligible
Age class Chi-Square 462.796*** < 0.001 6 0.076 Negligible
Education class Chi-Square 73.312*** < 0.001 8 0.030 Negligible
Reference time Kruskal-Wallis 1965.548*** < 0.001 - 0.049 Small
Reference costs Kruskal-Wallis 2186.181*** < 0.001 - 0.055 Small
Travel frequency Kruskal-Wallis 1863.306*** < 0.001 - 0.047 Small
Work situation Chi-Square 529.627*** < 0.001 8 0.081 Negligible
ZZP class Chi-Square 1000.340*** < 0.001 2 0.158 Small
Recruitment-type Chi-Square 155.648*** < 0.001 2 0.062 Negligible
Employment class Chi-Square 1959.111*** < 0.001 4 0.157 Small

Note. *** p ¡ 0.001.

Subsequently, to ensure that there were no other respondent characteristics or survey-related aspects associated with a
respondent receiving a TCR or not, a correlation analysis was performed. Based on the outcome of this correlation analysis,
employment status and ZZP were added as interaction variables with the V TT . Employment status refers to whether a
respondent is currently in between jobs or not. ZZP refers to a variable which indicates whether a respondent is self-employed
or not.

2) Final Model Specification: The model development procedure as discussed above yielded the utility specification in
Equation 12. This utility specification was used for the SP1A experiment in the NL2022 dataset presented in Table V. This
specification was adopted where necessary to accommodate experiments with more attributes. We did this by simply adding
the extra attribute multiplied by a parameter to the utility function. To accommodate the choice data from the UK2014 dataset
only minor adjustments were made in the number of categories for socioeconomic interactions with the V TT .

2Effect size was not considered in the decision whether to include it as an interaction in the model, this decision was purely based on the statistical tests
itself.
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Vij = µ (12)
· (1 + µnTCR ·DnTCR + µpTCR ·DpTCR + µfTCR ·DfTCR) (13)

·

((
T ref
i

60

)λTµ

·
(
C ref

i

5

)λCµ
)

(14)

· {Cij + [V TT · Tij (15)
· (1 + δnTCR ·DnTCR + δpTCR ·DpTCR + δfTCR ·DfTCR) (16)

·

(
1 +

2∑
k=1

δemployment,k ·Demployment,k

)
(17)

·

(
1 +

2∑
k=1

δpaidEmployment,k ·DpaidEmployment,k

)
(18)

· (1 + δzzp ·Dzzp) (19)

·

(
1 +

4∑
k=1

δageClass,k ·DageClass,k

)
(20)

· (1 + δpanel ·Dpanel + δintercept ·Dintercept) (21)

·

(
1 +

5∑
k=1

δedu,k ·Dedu,k

)
(22)

· (1 + δmale ·Dmale + δfemale ·Dfemale) (23)

·

(
1 +

6∑
k=1

δfreq,k ·Dfreq,k

)
(24)

·
(
T ref
i

T ref
0

)λT

·
(
C ref

i

C ref
0

)λC

(25)

·

(
1 +

6∑
k=1

δinc,k ·Dinc,k

)]}
(26)

As mentioned earlier, the interactions added in Equation 12 were based on whether; (1) the variable of which was a-priori
known to impact the V TT or the scale had a statistically significant association with TCR or (2) no a-priori interaction
with the V TT or the scale parameter was expected but the variable correlated with TCR. These variables were added as
multiplicative interactions. Categorical variables were dummy-coded. The interactions with the respondent’s reference time and
reference costs were added as power law interactions since [7] found that these explained the data the best.

As denoted in Equation 14 this power law interaction was also added to the scale parameter. This was done because (1)
respondents with different levels of TCR also had statistically significant different levels of reference time and reference costs
and (2), we knew a-priori that reference time and costs impact the scale parameter due to the use of a pivot type design. 3

In a pivot-type design, respondents are presented with tradeoffs which are based on their reference time and costs to ensure
that they are faced with realistic choices. However, this thus changes the attribute levels which are presented to respondents
and therefore induces scale differences. To accommodate these scale differences interactions with the reference time, reference
costs and the scale parameter were added.

C. The Sample

Both national stated preference surveys subdivided their experiments into sub-experiments. Not all of these sub-experiments
are relevant to this study. For example, respondents who travelled by boat have by definition the travel purpose other, as this
is typically a leisure activity. Only sub-experiments which were used to test the hypothesis are presented in Table V.

The relevant sub-experiments were all presented as unlabeled route-choice experiments, where respondents had to choose
between two hypothetical alternatives, each described by the attributes as in Table V. Every respondent had to make 9 of these
route choice decisions. One of these choice situations contained an alternative which dominated the other alternative. This was
to ensure respondents were not randomly making decisions or e.g. always choosing the left option. During model estimation,
this check question was not considered as it does not provide any information on the trade-offs respondents had to make.

3The reference time and the reference costs, denoted by T ref
i and Cref

i respectively, reflect the time and the cost of the self-reported reference journey.
Respondents were instructed to assume that all conditions, except the journey time and the journey costs, were the same as their reference journey.
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TABLE V: Overview of datasets, attributes, modes and hypotheses

Dataset Name Attributes Modes Hypotheses

NL2022 SP1A time, cost Car, Train, BTM H1, H2, H3

SP2A time, cost, reliability Car, Train, BTM H1

SP3A time, cost, access/egress time,
transfer time, number of transfers

Train, BTM H1

SP4A time, cost, crowding, ability to sit,
frequency

Train, BTM H1

UK2014 SP1 time, cost Car, Train, LRT, Bus H1, H2

SP2 time, cost, reliability Car, Train, LRT, Bus H1

We now discuss to what extent the datasets are suitable to answer the research question and suitable to test the hypotheses.
We do so by discussing a-priori limitations.

Firstly, the datasets from the 2022 Dutch VTT study and the 2014 UK VTT study are from different periods. Economic
conditions, travel behaviours, and policies may have changed between these periods, potentially affecting the comparability of
the datasets. However, as we are investigating a relative difference as compared to the VTT, absolute changes in the VTT can
safely be ignored.

Secondly, the 2022 Dutch VTT study and the 2014 UK VTT study did not record the same socioeconomic data. Therefore, not
all socioeconomic interactions were applied consistently. However, the most important socioeconomic interactions, interactions
which could have explained away a potential reimbursement effect, are included across both datasets

Thirdly, as was mentioned earlier, the UK2014 respondents were not able to specify whether they received a partial travel
cost reimbursement. Therefore it might have been possible that respondents with a partial travel cost reimbursement chose
either the option; ”Employer/company paid” or ”I paid all costs.” However, we expect that whenever a respondent receives
some form of travel cost reimbursement they are more likely to opt for the ”Employer/company paid” option.

D. Model Estimation

The developed model was estimated using Apollo Choice modelling software [39]. For the Mixed Logit specifications, halton
draws were used to simulate the randomly distributed V TT [40]. Sufficiently stable parameters were retrieved for 500 draws.
The V TT was given a lognormal distribution, as [7] found that after extensive testing this fitted the data the best. Furthermore,
using the lognormal distribution ensures that the V TT can only attain positive values in line with microeconomic theory.

The developed model was estimated on the other choice tasks with minimal adjustments to prevent confirmation bias. This
approach was taken to ensure that the model’s performance was assessed objectively across different choice tasks, without being
influenced by prior expectations. By limiting adjustments, we aimed to validate the model’s generalizability and robustness
based on the data itself, rather than fitting it to preconceived outcomes. Consequently, this philosophy was also used when
estimating the TCR interaction effects on the UK2014 data. Only necessary adjustments in, for example, the number of income
classes and the number of age classes were accommodated. As a result, the model fit was not as good as it might have been
able to, but we argue this approach increases the validity of the results.

E. Model application

After the model was developed we applied it to the societal cost-benefit analysis (SCBA) for the Ring Utrecht project [41],
aiming to give an example of how incorporating or neglecting TCR can impact a SCBA. This provides a tangible example of
policy implications. In order words; by applying our findings we aimed to assess whether it actually matters, in the context of
an SCBA, if travel cost reimbursement is taken into account or neglected.
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IV. RESULTS

The goal of this chapter is to present the results and test the hypotheses. First, the effects on the VTT are analysed for models
both including and excluding scale heterogeneity, thereafter we discuss the results regarding the scale parameter itself. Next,
we discuss the results regarding the model which incorporates sign-effects and we end the results chapter with the findings
from the Ring Utrecht SCBA.

A. Hypothesis 1, VTT

We first hypothesised that respondents with any travel cost reimbursement have a higher V TT as compared to respondents
who do not receive any travel cost reimbursement. As described in the method section we added dummy coded multiplicative
interactions with the V TT to test this hypothesis. We can thus evaluate the first hypothesis by observing the statistical
significance of these interaction parameters, a t-ratio greater than 1.96 means that we can reject the Null hypothesis that the
V TT is the same as the reference group, in our case the nTCR respondents. As was already mentioned in the method chapter,
we also included V TT interactions for the heteroskedastic model. This enables us to (1) evaluate the first hypothesis for
the heteroscedastic model, and (2) observe to what extent incorporating scale heterogeneity affects the evaluation of the first
Hypothesis. In this first section, we focus on the first Hypothesis and evaluate it on the models including and excluding scale
heterogeneity. The results regarding the degree of scale heterogeneity, thus the results regarding the second hypothesis are
discussed in the next section.

As mentioned above, we can reject the first Null hypothesis whenever the TCR interaction parameters can be estimated
with a t-ratio exceeding 1.96. This reflects a significance level of α = 5%. This is equivalent to rejecting the Null hypothesis
whenever the 95% confidence interval does not overlap with the VTT of respondents who do not receive any travel cost
reimbursement. These equivalent methods are shown in Figure 2a, Figure 2b Figure 2c, Figure 2d. The coloured t-ratios
correspond with the colours of the projected confidence intervals. The values correspond with the magnitude of the relative
difference in V TT and are both plotted graphically and presented in the table below the graph. All the values are presented
as relative increases/decreases to the reference V TT , in our case the V TT of respondents who did not receive any travel cost
reimbursement. The values in the table below the graphs are the actual estimated values, thus they are reported as fractions.
An increase in the V TT of e.g. 31% is therefore reported in the table as 0.31. The figures for the NL2022 data report both
the estimates for respondents receiving a full Travel Cost Reimbursement (fTCR) and a partial Travel Cost Reimbursement
(pTCR). As the UK2014 data did not provide any information on what portion of the reference journey was reimbursed, the
UK2014 figures only provide one reimbursement interaction per estimation. We added the number of observations to allow
for a more nuanced interpretation of the results because an insignificant difference can sometimes be attributed to a lack of
observations.

As shown in Figure 2a and in Figure 2b the results are mixed. We found that for a simple time-money tradeoff, denoted by
SP1A in Figure 2a and in Figure 2b commuter respondents with a full Travel Cost Reimbursement (fTCR) had a significantly
higher VTT as compared to respondents with no Travel Cost reimbursement (nTCR) thus supporting our first Hypothesis
that respondents with a travel cost reimbursement have a higher V TT than respondents who do not receive a travel cost
reimbursement. This is the case for models with and without scale heterogeneity. The only exception is the Light Rail Transit
(LRT) commute estimation in Figure 2b. However, do observe that the number of observed choices for respondents with a
fTCR was 180. Therefore a likely explanation is that these respondents coincidentally had a VTT which closely matched that
of the nTCR respondents.

The business estimates of the time-money tradeoff (Figure 2a & Figure 2b) were less convincing than the commute estimates.
Three out of the six business estimates across the NL2022 and the UK2014 datasets showed statistically significant fTCR
interactions at a 5% confidence level. Interestingly, the estimates for Business Light Rail Transit (LRT) in and for Business
Bus Tram Metro (BTM) do indicate statistically significant differences in VTT compared to the reference situation of not
receiving a Travel Cost Reimbursement.

For the more complex choice experiments to obtain plausible and significant results, the estimates for the more complex
experiments, SP3A & SP4A, were not disaggregated across modes and purposes. Instead, we opted to create a model which
included a mode- and purpose-specific constant to account for potential VTT differences. None of the results yielded significant
effects. The only exceptions are Car Business and Car Commute for SP2A, where respondents receiving a full Travel Cost
Reimbursement (fTCR) had a significantly higher VTT as compared to respondents who received no Travel Cost Reimbursement
(nTCR).

The mixed Logit specification generally widened the confidence intervals of the TCR interaction. However, this deterioration
in statistical significance did not cause any fTCR interactions to become insignificant at a 95% confidence level. Conversely,
when examining the Commute estimates in Figure 2a and Figure 2c, we can observe that the mixed logit specification did
cause the interactions with the V TT and the partial travel cost reimbursement, denoted by pTCR, to decrease in magnitude
and as a consequence, the difference in V TT for pTCR respondents is no longer statistically significant w.r.t. respondents not
receiving a travel cost reimbursement.



REPOSITORY TU DELFT 2024 15

Interestingly, when comparing the Mixed Logit and the MNL estimates for Train Commute (Figure 2a, Figure 2c) we can
observe that the magnitude of the δfTCR parameter increased when comparing the MNL and the Mixed Logit specifications.
For the model excluding scale heterogeneity, this was an increase from 32% (t-ratio, 4.36) to 45% (t-ratio, 4.04) and for the
heteroscedastic model, this was an increase from 32% (t-ratio, 4.11) to 43% (t-ratio, 3.79).

The findings, for commuter respondents with a full Travel Cost Reimbursement across the UK2014 and the NL2022 datasets,
between incorporating and neglecting scale heterogeneity and for Mixed- and Multinomial Logit, supported our hypothesis
that respondents with a travel cost reimbursement have a higher V TT . The results indicated that the difference in V TT is
somewhere between 29% and 143%. The lowest reported t-ratio was 2.48 whenever we excluded the LRT commute estimation
since it lacked observations.

The other findings strongly suggested that TCR affects the V TT but were either inconsistent or insignificant.

(a) NL2022, time-money tradeoff results. (b) UK2014, time-money tradeoff results.

(c) NL2022, time-money tradeoff results. (d) UK2014, time-money tradeoff results.

Fig. 2: Time-money tradeoff results, including 95% confidence intervals for both NL2022 and UK2014 data. ∆(µ) estimates
are reported as fractional differences with respect to the nTCR observations including their t-statistic in parentheses.

B. Hypothesis 2, Scale Heterogeneity

As a second hypothesis, we expected that respondents with a travel cost reimbursement make less consistent choices as
compared to respondents who did not receive any travel cost reimbursement. We tested this hypothesis by incorporating
interactions with the scale of the utility function. Our findings did generally not support our hypothesis at a significance level
of 95%. In other words; we did not find convincing evidence which supported our hypothesis that respondents with a travel
cost reimbursement make less consistent choices.

The way we reported our results is similar to the style of reporting for the first hypothesis, only now we report the difference
in scale as opposed to the difference in V TT . The results are presented in Figure 3a and Figure 3b. The colours in the table
again match those in the graph. In contrast to the figures for the first hypothesis we now included both the Mixed Logit
and the MNL estimates in one figure. Whenever a ∆(µ) estimate is lower than 0, it indicates that respondents with a travel
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cost reimbursement had a lower scale than respondents without a travel cost reimbursement. A ∆(µ) estimate higher than 0
naturally implies the opposite. Whenever the t-ratio ¿ 1.96 or similarly whenever the 95% confidence interval does not overlap
with the horizontal 0% line, we reject the Null hypothesis for the respective estimate at α = 0.05, therefore supporting our
hypothesis that the scale for TCR respondents is lower than for nTCR respondents.

(a) NL2022 time-money tradeoff results. (b) UK2014 time-money tradeoff results.

Fig. 3: Time-money tradeoff results for NL2022 and UK2014 models with scale heterogeneity. The difference in scale is
presented in the graph and reported in the table. The graph includes the 95% confidence interval whilst the table includes the
t-statistic in parentheses.

Examining Figure 3a, we found that, across respondents with a full Travel Cost Reimbursement for both the Mixed- and
Multinomial Logit models the ∆(µ) estimates are of the expected sign, except for the car business estimate, hinting that
respondents with a fTCR might have a lower scale parameter as compared to respondents without a TCR. However, none of
these interactions were statistically significant at α = 0.05, except for the Mixed Logit estimation for Train Commute.

Interestingly for the MNL Car Commute estimate and the Mixed Logit BTM commute estimate the interactions regarding
a partial Travel Cost Reimbursement indicated a higher scale compared to nTCR respondents. This is not in line with our
second hypothesis which stated that an increase in TCR would lead to a decrease in scale. These estimations thus indicate
that respondents with a partial travel cost reimbursement make more consistent choices compared to nTCR respondents.

The scale interaction estimates, denoted by ∆(µ)fTCR, for UK2014 in Figure 2b are quite similar. All of the interactions
are of the expected sign, hinting that respondents with a full Travel Cost Reimbursement (fTCR) had on average a higher
scale compared to respondents who had to pay for the travel costs themselves but again these interactions were not significant.
The only estimates with significant scale interactions were Car Commute and Train Commute; -0.62 t-ratio (7.34) and -0.26
t-ratio (2.9) respectively. The ∆(µ)fTCR UK2014 Car Commute estimate was the largest in magnitude indicating a scale
reduction of 62% compared to respondents who received no Travel Cost Reimbursement. Additionally, this relatively large
difference in scale also reduced the VTT interaction for this particular estimate as can be observed in Figure 2b. Whenever scale
heterogeneity was not taken into account the VTT difference was 61% (t-ratio, 4.97). Conversely, taking scale heterogeneity
into account yielded a VTT difference of, on average, 143% (t-ratio, 3.75).

The difference in scales for the Car Commute estimate as was observed in the MNL specification, was not as apparent in
the Mixed Logit specification, as can be observed in Figure 3b. In the MNL specification, the scale of the utility for fTCR
respondents was 62% lower relative to nTCR respondents, whereas for the Mixed Logit specification the difference in scale
was reduced to just 35%, (t-ratio, 3.98). Simultaneously, the indirect effect of the scale difference on the V TT is also greatly
reduced as can be observed by revisiting Figure 2d

Generally speaking, the differences in scales when comparing MNL and Mixed Logit related to scale heterogeneity do not
seem to follow a particular pattern. The Mixed Logit specification, does not cause scale heterogeneity between nTCR and
fTCR respondents to increase or decrease.

C. Hypothesis 3, Sign Effects

To achieve statistically significant parameters and test whether or not there is a disparity between the willingness to pay and
the willingness to accept, the model incorporated all modes and purposes in one estimation. This was a necessary aggregation
to achieve significant results. However, the model did include parameters to account for apriori known differences between
the VTT across modes and purposes. The results of this estimation are presented in Table VI. Interpretation of these results is
less trivial than before. Firstly, both models, including a TCR sign effect and excluding a TCR sign effect both, allowed us to
estimate a VTT in the WTP quadrant and the WTA quadrant. We can observe that for both estimations, the VTT in the WTP
quadrant is higher as compared to the VTT in the WTA quadrant, denoted by the VTT(WTP) and the VTT(WTA) parameters.
Conceptually this means respondents were willing to pay more to avert a deterioration in travel time than they were willing to
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pay to improve their travel time. This aligns with empirical evidence [7], [18] and with the behavioural notion of loss aversion
[42]. The fact that these were different from one another thus implies that the iso-utility curve is no longer a straight line,
but has a discontinuity at the reference time and cost of the respondent. We originally hypothesised that this difference in
willingness to accept (WTA) and willingness to pay (WTP) might be the sole reason that there is a difference in the VTT to
begin with. To test this we estimated a travel cost reimbursement (TCR) interaction on both sides of the discontinuity, on the
VTT(WTP) and the VTT(WTA), denoted by the estimate on the left in Table VI. We expected that the TCR interaction with
the VTT would be explained solely by the interaction with the VTT(WTA). Our results supported this hypothesis. The nTCR
interaction with the VTT(WTA), denoted by nTCR(WTA), indicated a significant decrease of 25% in the VTT (t-ratio, 3.23),
whilst the nTCR(WTP) parameter indicated an insignificant decrease of 10% (t-ratio, 1.01). This indicated that, in this sample,
the VTT difference can be mostly attributed to a difference in the WTA quadrant. However, when comparing both models in
terms of their LogLikelyhood the Ben-Akiva and Swait test indicated that the model improvement is not statistically significant
at a 5% level. Thus, the model including a TCR sign effect did not outperform the model excluding a TCR sign effect in
terms of model fit. Therefore, it could be due to random chance that we observed a slight improvement in LogLikelihood.

TABLE VI: Estimation results Including and Excluding TCR Sign Effect. Both models account for a discontinuity in the VTT
at the reference time and costs of every individual respondent.

(1) Including TCR sign effect (2) Excluding TCR sign-effect

Modelled outcomes 3690 3690
LL(final) -1653.62 -1654.28
Adj.Rho-square (C) 0.3404 0.3405

Parameters Unit Estimate t-ratio(0) Estimate t-ratio(0)

µ - -0.89 -21.88 -0.89 -21.95
VTT(wtp) AC/h 8.77 8.61 8.97 8.77
VTT(WTA) AC/h 11.79 9.04 11.62 9.07
fTCR(WTP) % 0.00 NA - -
nTCR(WTP) % -10% -1.01 - -
fTCR(WTA) % 0.00 NA - -
nTCR(WTA) % -25% -3.23 - -
fTCR VTT % - - 0.00 NA
nTCR VTT % - - -19% -3.05
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V. APPLICATION: RING UTRECHT SCBA
This section describes the results regarding the calculation of the weighted average as denoted in subsection III-E and the

application to the SCBA of the Ring Utrecht project.
a) Amenability: As we were unable to prove that travel cost reimbursement has a significant effect on the V TT for

business respondents using the car, we evaluated the Ring Utrecht SCBA assuming that the V TT for business travellers is
unaffected by travel cost reimbursement. For Car Commute, significant effects were found for both the MNL- and the Mixed
Logit models. In the NL2022 dataset estimated V TT differences were significant for both model specifications; without scale
effects δTCR = 36%, t-ratio (2.85) and with scale effects δTCR = 36%, t-ratio (2.87) for the Mixed-Logit estimates. Therefore
we opted to only vary the V TT in the Ring Utrecht SCBA for commuters. We opted for the Mixed-Logit estimations as these
fitted the data significantly better than the MNL estimations.

b) Interpretation: We present our findings in Table VII. It should be interpreted as follows; the five scenarios as described
in the procedure of subsection III-E are listed as the columns of the table. The base scenario, where travel cost reimbursement
interactions are not taken into account, is included in the first column. The other columns present the scenarios where TCR
is taken into account, with and without scale heterogeneity and with either using δfTCR or δpTCR as inputs for the sample
enumeration.

Going from top to bottom in the table; model estimates are presented first, they are the same as the model estimates presented
earlier in Figure 2a. These model estimates were used as input for the sample enumeration procedure. The complete model
estimations used in the Ring Utrecht case study can be found in ??. Further down, the weighted values of travel time as
calculated through the sample enumeration procedure are presented. These weighted values are denoted by V TT .

Lastly, the different cases of the Ring Utrecht SCBA are presented. The cases are defined by; (1) different road layouts
denoted by Selecteren and Compact and (2) under different economic scenarios, denoted by GE* for Global Economies and
RC* for Regional Communities. The economic scenarios are similar to the Dutch WLO scenarios, which are defined by the
CPB, the Netherlands Bureau for Economic Policy Analysis, and the PBL, the Netherlands Environmental Assessment Agency.
A recent version of these scenarios can be found at [43]. The cases and their background are discussed in detail in the SCBA
itself [41]. The Value of Travel Time Savings in the first scenario (presented in the first column) are exactly the same as in the
Ring Utrecht SCBA [41]. For every scenario the Travel Time Savings in terms of the number of hours is constant. However,
the monetary valuation of these hours differs according to the increase of the V TT compared to the V TT of the Baseline
scenario. Table VII ends with the monetary impact on respectively the yearly and the perpetually discounted commuter and
total values of travel time savings.

c) Synthesis: The V TT effects correspond with the model estimations which were presented earlier in Figure 2c. The
presented t-ratios correspond with the confidence intervals presented earlier in Figure 2d. The VTT values are very similar
between neglecting and including scale heterogeneity. Both indicated a significant difference of approximately 36% in V TT
between receiving- and not receiving a travel cost reimbursement. Incorporating TCR caused the V TT nTCR and the V TT pTCR
to reduce and the V TT fTCR to increase relative to the baseline scenario. This is to be expected as when we do not consider
travel cost reimbursement the V TT is estimated on respondents who receive a fTCR, on respondents who receive a pTCR
and on respondents who do not receive a travel cost reimbursement.

Next, the average weights are presented. They are simply calculated as;

vTCR =

 ∑
i∈ITCR

∑
t∈Ti

vit

 /

(∑
i∈I

|Ti|

)
(27)

Where, ITCR denotes the set of respondents who receive any Travel Cost Reimbursement, |Ti| denotes the number of trips in
the set of trips for respondent i and vit denotes the weight for trip j made by respondent i. Thus in the ODIN2023 survey, 78%
of Car Commute trips were made by respondents who reported receiving some form of travel cost reimbursement, whereas
22% of trips were made without any form of travel cost reimbursement. This distribution is very similar to the 80% reported
by [8]. A small difference was to be expected as [8] did not only cover the car as a mode of transportation.

Thereafter, the V TT ’s resulting from the sample enumeration procedure are presented. They are approximately AC1.42/hour
(+15%) higher and AC0.95/hour (-10%) lower than the baseline V TT for models using the fTCR and the pTCR estimates
respectively. There were negligible differences between the models including and excluding scale heterogeneity. Thus accounting
for travel cost reimbursement does change the V TT , also after applying representative weights for the Dutch population.
However, we can observe that the impact on the V TT is heavily dependent on whether we adopt the fTCR or the pTCR
estimates. The actual effect will be somewhere in between as a portion of the population receives a fTCR and another portion
a pTCR.

Evaluating the commute V TTS with the increases to the baseline sketches the impact on the Ring Utrecht SCBA. For
instance, in the ”RC Selecteren” case, the baseline value of travel time savings was AC5.20M, which increased to AC6.00M with
the V TT fTCR estimate adopted and reduced to AC4.67M with the V TT pTCR estimate adopted. Similarly, the ”GE Compact” case
showed an increase and decrease from AC9.0M baseline to AC10.38M and AC8.07M. Which in turn reflects a value of +AC32.32M
and −AC21.61M on the total travel time benefits of the Ring Utrecht project.
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TABLE VII: Comparison of VTT with and without accounting for TCR. The Baseline is the model which does not take TCR
into account. V TT is the weighted VTT as calculated through the sample enumeration procedure. VTTS denotes the Value
of Travel Time Savings. The grey VTT values are not used in the sample enumeration.

Scenario (1) (2) (3) (4) (5)
Excl. heterskedasticty Incl. heterskedasticty

Baseline fTCR pTCR fTCR pTCR

Mixed Logit Model Estimations

V TT fTCR (AC/hour) 14.82 16.99 16.99 17.06 17.06
V TT pTCR (AC/hour) 14.82 12.74 12.74 12.75 12.75
V TT nTCR (AC/hour) 14.82 12.53 12.53 12.55 12.55

Sample Enumeration on ODIN2023

ODIN weight vTCR 0.78
ODIN weight vnTCR 0.22
V TT (AC/hour) 9.24 10.66 8.29 10.69 8.28
V TT increase 0.00% 15.38% -10.28% 15.65% -10.40%

Ring Utrecht SCBA

RC* selecteren
Yearly
TTS Car commute 454k [hours]
VTTS car commute C5.20M C6.00M C4.67M C6.01M C4.66M

15.38% -10.28% 15.65% -10.40%
VTTS total C16.90M C17.70M C16.37M C17.71M C16.36M

4.73% -3.16% 4.82% -3.20%
Absolute Increase C- C0.80M -C0.53M C0.81M -C0.54M
Discounted perpetuity
VTTS total C187.00M C195.85M C181.08M C196.00M C181.01M

4.73% -3.16% 4.82% -3.20%
All benefits − All costs -C485.00M -C476.15M -C490.92M -C475.99M -C490.99M

1.82% -1.22% 1.86% -1.23%
Absolute Increase C- C8.85M -C5.92M C9.00M -C5.99M

GE* Selecteren Compact
Yearly
TTS Car commute 712k [hours]
VTTS car commute C9.00M C10.38M C8.07M C10.41M C8.06M

15.38% -10.28% 15.65% -10.40%
VTTS total C37.90M C39.28M C36.97M C39.31M C36.96M

3.65% -2.44% 3.72% -2.47%
Absolute Increase C- C1.38M -C0.93M C1.41M -C0.94M
Discounted perpetuity
VTTS total C885.00M C917.32M C863.39M C917.89M C863.13M

3.65% -2.44% 3.72% -2.47%
All benefits − All costs C589.00M C621.32M C567.39M C621.89M C567.13M

5.49% -3.67% 5.58% -3.71%
Absolute Increase C- C32.32M -C21.61M C32.89M -C21.87M



REPOSITORY TU DELFT 2024 20

VI. CONCLUSION & DISCUSSION

Method Summary

The method applied in this study investigated the impact of full- and partial travel cost reimbursement (TCR) on the value
of travel time (V TT ) using both the NL2022 (Netherlands) and UK2014 (United Kingdom) datasets [7], [21]. We tested
three hypotheses: whether TCR influenced the V TT , if respondents with TCR made less consistent choices, and if these
respondents exhibited a higher willingness to accept (WTA) compared to those without TCR. Utilising Multinomial Logit
(MNL) and Mixed Logit (ML) models, the analysis incorporated evaluating the interaction terms between TCR and V TT ,
while allowing for discrete scale heterogeneity. Furthermore, by considering the respondents’ reference situation, we separated
a TCR interaction with V TT into willingness to accept (WTA) and willingness to pay (WTP ) components. Lastly, we
evaluated to what extent accounting for TCR impacted the Ring Utrecht case study.

Evaluation Hypotheses

a) When does a travel cost reimbursement impact the VTT?: Our 2-attribute results indicated that for a 2-attribute choice
experiment commuter respondents with a full Travel Cost Reimbursement (fTCR) had a significantly higher V TT compared
to those without a TCR, supported by; (1) data from both the UK2014 and the NL2022 national value of travel time study,
(2) MNL and Mixed Logit models, (3) including and excluding scale heterogeneity. This effect was significant and consistent
for five out of six 2-attribute experiments. The likely cause for the insignificant effect of this one estimation was likely due
to the lack of the number of respondents receiving a TCR. The Mixed Logit specifications reduced the statistical significance
of the difference in V TT between the fTCR and the nTCR groups, but this did not result in any of the abovementioned
observations becoming statistically insignificant at a 5% significance level. This might be attributed to the Mixed Logit model’s
ability to account for unobserved heterogeneity in respondents’ preferences. Unlike the Multinomial Logit (MNL) model, which
only allows for observed heterogeneity in the VTT, the Mixed Logit model allows for inter-individual variations in the V TT .
Thus some of the reimbursement effects captured in the interaction parameters for the MNL specificion might now have been
captured in the distribution of the VTT.

Interestingly, as the number of attributes in the experiments increased the difference in V TT between the nTCR group and
the fTCR group was no longer significant. In practice, this is similar to what happens to interactions with socioeconomic
variables, whenever the number of attributes in the experiment increases, these interactions typically also become less significant.

We thus found a difference in the V TT between commuter respondents who receive a full travel cost reimbursement (fTCR)
and those who do not receive a TCR in a 2-attribute discrete choice experiment. The difference ranged from 30% to 50% for
the NL2022 data and from 80% to 140% for the UK2014 data. This supports our hypothesis that respondents who receive a
TCR have a higher value of travel time.

The estimates for business respondents were generally not significant enough to support our hypothesis that respondents
receiving a fTCR have a higher V TT . Only the 2-attribute estimates for the closely related Bus, Tram & Metro (BTM) and
Light Rail Transit (LRT) modes showed significant and consistent differences in V TT between respondents who receive a full
travel cost reimbursement fTCR and those who do not receive a TCR. These effects were consistent for the MNL and Mixed
Logit models both excluding and including scale heterogeneity. The differences in V TT for BTM and LRT were between
65% & 70% for the NL2022 dataset and between 80% & 85% for the UK2014 dataset.

The interaction between the V TT and partial Travel Cost Reimbursement (pTCR) was generally lower in magnitude and
results were more often than not insignificant. Thus the observed difference in V TT between respondents not receiving a
TCR and respondents receiving a pTCR was lower as compared to the effects observed for respondents receiving a fTCR. The
signs of the effects were generally in line with our hypothesis that travel cost reimbursement increases the V TT . However,
we cannot formally prove a relationship between pTCR and the V TT at a satisfactory significance level.

Thus to answer the first research question; a full travel cost reimbursement significantly increased the V TT for commute
respondents in a 2-attribute discrete choice experiment supported by data from both the Dutch national V TT study and the
UK national V TT study. It did not significantly affect the V TT for 3 or more attribute experiments or business respondents.

b) Do respondents with a travel cost reimbursement make less consistent choices?: The direction of the scale interaction
effects is as expected for respondents receiving a full Travel Cost Reimbursement (fTCR), their scale parameter estimate is
generally lower compared to respondents not receiving a travel cost reimbursement. The signs of the scale parameter interactions
for pTCR respondents were not as expected, 8/12 estimations yielded higher scale parameters for the pTCR group compared to
the nTCR group. However, these abovementioned scale interactions were only significant in 5/24 estimations. In other words;
we were unable to find convincing evidence which supports the notion that the scale parameter might be statistically different
for respondents receiving any form of TCR. Thus we were unable to find convincing evidence to support our hypothesis that
respondents who receive a travel cost reimbursement make less consistent choices.

c) Does a travel cost reimbursement impact the WTP and the WTA differently?: We were able to find evidence which
supports our third hypothesis. Namely, the interaction with the V TT was more predominant in the WTA quadrant compared
to the WTP quadrant. However, the model which took this into account did not perform statistically better in terms of model
fit compared to a model which only allowed for equal TCR interaction on both the WTA and the WTP quadrant. This
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suggests that, although there may be a nuanced difference in how TCR influences WTA and WTP, this distinction might not
be substantial enough to justify a more complex model that separately accounts for these interactions. Therefore, for practical
purposes and model simplicity, treating the TCR effect as uniform across both WTA and WTP might be sufficient, without
sacrificing the accuracy or predictive power of the model.

d) To what extent do sign effects and choice consistency explain an effect of TCR on the VTT?: Our results generally
indicated that taking scale differences into account between respondents receiving a TCR and not receiving a TCR did not
significantly alter the V TT estimates. This is probably because the scale differences were not too large between groups.

Only one estimation yielded greatly different V TT estimates due to a scale decrease of approximately 62% for TCR
observations as compared to nTCR observations. However, the confidence intervals of the V TT taking scale heterogeneity
into account and the V TT when neglecting scale heterogeneity still overlapped. Thus stating that the scale for this estimation
was indeed statistically different cannot be concluded. When we assumed the V TT to be randomly distributed following a
lognormal distribution, the scale difference was reduced, and simultaneously the V TT difference was no longer apparent. We
are unsure about the exact underlying mechanism, but it might be possible that the randomly distributed V TT in the Mixed
Logit specification captures effects which were previously captured in the scale parameter in the MNL specification.

Nonetheless, we did observe hints of what we refer to as a dampening effect. Thus whenever the scale for the TCR group
was lower than for the nTCR group, incorporating scale heterogeneity slightly increased the V TT difference between the two
groups. This was in line with our theory, as a decrease in the scale of the overall utility might be misattributed to a reduction
in the V TT .

e) What is the impact of the findings on cost-benefit analysis?: We evaluated this research question by applying our
findings to the Ring Utrecht societal cost-benefit analysis (SCBA) and assessed the extent to which accounting for TCR
impacted the travel time reduction benefits of this project. Based on the conclusions of the other research questions, we
considered TCR effects only for commuters. Given that the time benefits for the Ring Utrecht project are primarily associated
with car transportation, we approximated the time benefits if TCR for car-using commuters had been incorporated in the
calculation for national averages. When calculating these national averages we separately adopted the pTCR and the fTCR
estimates as the ODIN2023 database used for these calculations did not include any information on the magnitude of the travel
cost reimbursement. We also opted to evaluate the Ring Utrecht SCBA for the model which accounts for scale heterogeneity
even though we concluded earlier that there are no significant scale effects. By applying this more sophisticated model, we
aimed to confirm that the conclusions drawn from the SCBA are robust across different modelling approaches. We however
found no substantial differences in the total travel time benefits when using the model which allows for scale heterogeneity.

We did find that adopting the models which account for travel cost reimbursement significantly affect the national V TT ,
with this value for car commuters increasing by approximately 15.38% to 15.65% when using the V TT fTCR estimate, and
decreasing by 10.28% to 10.40% when using the V TT pTCR estimate. After mapping these changes onto the travel time savings
for commuting traffic in the Ring Utrecht SCBA, the total travel time savings of the entire project either increased by up to
5.58% or decreased by up to 3.71%, corresponding to a monetary impact ranging from an increase of C32.32M to a decrease
of C21.61M in the total travel time benefits of the project. These findings underscore the importance of considering travel cost
reimbursement when calculating the value of travel time, as its impact on an SCBA can be substantial. Other SCBAs might
be affected to an even greater extent whenever the share of commuters is larger.

Discussion

We made a distinct contribution by focusing on the interaction between the V TT and TCR within the context of stated
preference experiments. While prior research, including studies by [10], [9], [12] investigated the effects of financial incentives
and penalties on travel decisions, they did not specifically address how TCR impacts the V TT . Furthermore, our method
of incorporating discrete scale heterogeneity to assess choice consistency provided a nuanced understanding of how TCR
influences decision-making processes. In contrast to a large body of scientific literature, who conclude that marginal willingness
to pay can be significantly distorted when not taking scale heterogeneity into account, [32], [25], [44], [15], [23], [29] our
results generally indicated that discrete scale differences between mutually exclusive and assumed homoskedastic subsets did
not significantly alter the V TT . Significant effects on the V TT were observed only in one case where the scale of the observed
utility for respondents who received a travel cost reimbursement was reduced by as much as 62% compared to the nTCR
group. The reason that other studies have found more sizable differences whenever allowing for scale heterogeneity might be
because it is very easy to confound scale heterogeneity with other sources of correlation. Scale heterogeneity is in essence
a special form of correlation where the parameters for all the attributes increase or decrease simultaneously in magnitude
across subsets. This is exactly the reason why we only allowed for scale heterogeneity in 2-attribute experiments, as the only
correlation is the correlation between the parameters of the 2-attributes. Otherwise, an increase in the correlation between for
example the parameter for the number of transfers and the V TT can be misattributed to an increase in the scale parameter.

Furthermore, a potential limitation in the interpretation of travel cost reimbursement among business respondents, particularly
those using a car, should be considered. It is possible that some business respondents who indicated that they do not receive a
travel cost reimbursement might actually be driving a company car. These respondents may have interpreted the term ”travel
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cost reimbursement” differently, potentially excluding the value of having a company car from their response. This could
have led to an underestimation of the true impact of travel cost reimbursement on their VTT, as the benefit of a company
car effectively reduces their out-of-pocket travel costs, even if they do not receive a direct monetary reimbursement. Such a
mechanism could explain the reduced effects we observed for business respondents using the car. Future research could address
this by clarifying the definition of travel cost reimbursement in surveys or by specifically asking about the use of company
cars to ensure that all forms of cost compensation are adequately captured.

For future research, we suggest a methodological improvement regarding the evaluation of socioeconomic interactions.
In this study, we added and evaluated each socioeconomic interaction step by step, assessing them individually before
incorporating them into the model. In hindsight, it may have been more efficient to include all potential socioeconomic
interactions simultaneously and then evaluate whether the TCR interactions remain significant.

On a last note; we had two options for the sample enumeration procedure; either enumerate over trips which were made
by car for commuting purposes or over respondents who frequently commute by car. Travel cost reimbursement information
is stored as a personal characteristic, thus not as a trip characteristic. Therefore enumerating based on persons would perhaps
make sense. However, we do not know whether the TCR effect on the V TT also applies to trips which the employer does not
reimburse. We therefore opted to enumerate over the trips, thus assuming the reimbursement effects only apply to commuting
trips.

Methodological Implications
The car commute estimate for the UK2014 dataset was the only estimate which showed a sizeable change in V TT whenever

we allowed for scale heterogeneity between reimbursed and non-reimbursed respondents. This showed that it is worthwhile
to check the homoscedasticity assumption for MNL models to ensure unbiased parameter estimates. However one must do so
very carefully because it is very easy to misattribute taste heterogeneity to scale heterogeneity.

On another note, as we found significant differences in the V TT for reimbursed and non-reimbursed respondents in the
UK2014 dataset, future V TT studies might want to incorporate this effect when calculating national averages. However, the
UK National Travel Survey (NTS), the UK counterpart of the ODIN2023 dataset does not include information on travel
cost reimbursement. Therefore, if the British authorities wish to incorporate travel cost reimbursement in the calculation of
national averages, they must (1) ensure that their NTS includes travel cost reimbursement data, and (2) integrate travel cost
reimbursement into their models.

A similar but slightly different argument can be made for the ODIN2023 database. This national travel survey does collect
information on travel cost reimbursement and even asks respondents what type of reimbursement they receive, for example;
fixed amount, distance-based or any other type. However the magnitude of the reimbursement is not documented, thus to what
extent this reimbursement covers their trip expenses is not known. Conversely, in the choice experiments information on the
magnitude of the reimbursement was collected, but information on the type of reimbursement was lacking. Thus for future V TT
studies, we recommend aligning the travel cost reimbursement questions with the questions asked for the ODIN2023 survey.
As for the ODIN2023 survey itself, we recommend also asking respondents about what portion of their trip is reimbursed. We
would advise making this a trip-specific characteristic as a reimbursement of a fixed amount means that the proportion of the
trip which is reimbursement changes with the trip costs.

One last methodological implication is related to the type of instructions respondents are given, recall; in the NL2022 dataset
commuting respondents were generally instructed to make decisions as if they have to pay for the travel costs themselves and
in the UK2014 dataset commuting respondents were instructed to make choices taking into account who paid for their actual
reference journey. As there are more differences between the studies other than the type of instructions we cannot claim that
any difference in the extent to which TCR affects the V TT can be attributed to the instruction. Nonetheless, our results do
indicate that the V TT was affected more radically in the UK2014 dataset than in the NL2022 dataset. Future V TT studies
could validate this by assigning for example half of the sample with a UK2014-type instruction and the other half of the sample
with a NL2022-type instruction. Through such an approach one would be able to make more thorough claims on the impact of
the instruction as the instruction would be the only variable which is varied. Any differences in the results aside; As we want
to know what choices respondents would make in real life it is arguably better to follow the UK2014 approach, as in real life
people presumably do take TCR into account when making choices. However, an approach like that could potentially lead to
more lexicographic choice behaviour as more people could be prone to always choose the fastest alternative. As lexicographic
choice behaviour does not provide any information on the time-cost tradeoff a respondent makes, common practice is to discard
these observations from the sample. Therefore instructing respondents with a UK2014-type instruction could effectively reduce
the number of usable observations and therefore reduce the statistical significance of the model estimates. But whether a TCR
causes lexicographic choice behaviour was not the topic of our study, thus this is purely speculative.

Policy Implications
We found that respondents with a TCR have a higher V TT in 2-attribute choice experiments, particularly among commuters.

If the goal is to ascertain what individuals are willing to pay out-of-pocket for travel time, it is more appropriate to base the
V TT on respondents who paid for their reference journey themselves.
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However, when using the V TT in national cost-benefit analysis or when determining network effects as a result of an
infrastructural change we argue that travel cost reimbursement should be taken into account as in practice the national average
V TT is often based on 2-attribute experiments. Thus one should weigh the V TT according to the number of people who
receive a TCR in the general population. The reason is, that the utilisation of e.g. a new piece of road is also dependent on
people who receive a travel cost reimbursement. In real life, these respondents are not instructed to ignore the fact that they
receive a reimbursement, and their subsequent choices will thus be made under the influence of them receiving a travel cost
reimbursement.

We evaluated such a cost-benefit analysis by approximating to what extent the SCBA of the Ring Utrecht project would
change as a consequence of taking travel cost reimbursement into account. We found substantial differences in this specific
case where the total travel time benefits could differ as much as 3.72%, and we found a heavy dependence on whether the
estimates for a partial- or a full Travel Cost Reimbursement were adopted. This further strengthens the argument that future
cost-benefit analysis should be based on models which incorporate travel cost reimbursement effects on the V TT as the results
could be even more dramatic for other projects due to; (1) the ratio of commuters to other road users changing, (2) the mode
of transportation not being limited to cars.

When further zooming out, we observed in our samples that the number of commuter respondents who received a travel cost
reimbursement is substantially higher in the NL2022 dataset compared to the UK2014 dataset (73% versus 19% respectively
for Car Commute). We argue that this difference in the number of reimbursement respondents across both datasets is probably
because there is no tax-free travel cost reimbursement in the UK as we were unable to find any other reasonable explanations.
Uncovering to what extent a tax-free travel cost reimbursement impacts the number of employers who receive a TCR was
naturally not the goal of either the Dutch [7] or the UK [21] study but it does provide an interesting perspective. Since the
V TT is significantly higher for reimbursed respondents, increasing the number of people in the population who receive a travel
cost reimbursement also increases the average V TT in the population. Which in turn tips the scale of cost-benefit analysis
more often to the benefit side as travel time savings are valued more. This subsequently increases the overall efficiency of a
transport network as for more projects the benefits outweigh the costs. This is an interesting policy effect as a consequence of
the number of people who receive a travel cost reimbursement in the population, which is likely determined by there being
any tax benefits.

One another note; as TCR seems to affect the V TT predominantly for commuters, evaluating a SCBA in which the share
of commuters is larger than that of the Ring Utrecht SCBA will make the impact of TCR even greater. A typical policy where
the ratio of commuters in proportion to the total traffic flow is very high is during rush hour. Thus an SCBA to evaluate a
policy aimed at for example reducing traffic flow during rush hour can be affected to a great extent. A controversial policy
idea focussed on exactly that is that of congestion charging or ”rekeningrijden” in Dutch. It aims to reduce the number of
vehicles in congested areas or congested periods by imposing time or location-based fees on drivers. As we found that TCR
significantly affects the VTT for commuters the perceived benefits of congestion charging (e.g., reduced travel times) might
be heavily undervalued if TCR is not considered. Policymakers should therefore adjust weighted V TT ’s in such an SCBA
to reflect the proportion of reimbursed commuters, ensuring that the benefits of congestion charging are accurately assessed.
When we assess the congestion charging policy from a more broader perspective we can uncover more mechanisms where
our results are relevant. If a substantial portion of drivers are reimbursed for their travel costs, their higher VTT might make
them less sensitive to congestion charges, as they perceive their time as more valuable and may be willing to pay the charge.
Thus we might see less reduction in traffic volumes from congestion charging than anticipated as the effectiveness of the
policy could be moderated by the extent to which commuters receive TCR. Besides, employers might opt to also reimburse
the congestion charge further reducing the effectiveness of the policy. Policymakers could consider varying congestion charges
based on whether or not drivers are reimbursed for their travel costs or implement complementary measures to ensure that
commuters with a travel cost reimbursement also ”feel” the financial stimulus to change their travel behaviour. Our findings
also suggest a potential approach to ensuring fairness in congestion charging. By offering a form of travel cost reimbursement
from the government to low-income road users, we could increase their V TT to align more closely with that of high-income
road users. This adjustment would effectively level the playing field, ensuring that all individuals experience the congestion
charging stimulus on equal terms, thereby enhancing the policy’s equity.

Limitations

One limitation of the study was the definition of reimbursement categories, where the percentages were chosen through
reasoning semantically about what percentage of reimbursement can be defined as a full Travel Cost Reimbursement. To
recall; respondents with a reimbursement of [0%, 15%] were set as respondents receiving no travel cost reimbursement, (15%,
85%) were set as respondents receiving a partial travel cost reimbursement and [85%, 100%] was defined as a full travel
cost reimbursement. It would be interesting to explore how the results might have changed as a function of these definitions,
potentially providing more nuanced insights. One such alteration was briefly evaluated where a comparison was made between
the bin as defined in this study and the bins defined in a more trivial manner, where any fraction of reimbursement other
than 0% or 100% is denoted as a partial travel cost reimbursement. We observed that the estimated interactions did not differ
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dramatically. Nonetheless, a robustness analysis which evaluates the reimbursement effect on the V TT whilst varying the
reimbursement categories would be a valuable contribution.

Furthermore, as our research question was about the difference in V TT between nTCR and TCR respondents, we focused on
the relative difference in V TT between the two groups. However, we later observed that when allowing for scale heterogeneity
the reference V TT , thus the V TT for the nTCR group sometimes also changed slightly. This effect was implicitly taken into
account for the sample enumeration procedure as the estimated V TT values themselves are used and not solely the difference
thus it will not have affected the results for the Ring Utrecht SCBA. Nonetheless, it would be an interesting avenue for further
analysis from a methodological viewpoint.

Moreover, as mentioned earlier ODIN2023 does not provide information on the magnitude of the travel cost reimbursement.
Thus for the evaluation of the textitRing Utrecht project, we used the parameter estimates for a full Travel Cost Reimbursement
and applied the corresponding V TT values to the respondents who reported receiving any travel cost reimbursement in
ODIN2023. Whenever the yearly ODIN survey also reports on the magnitude of the reimbursement it will be possible to
distinguish between a partial and a full travel cost reimbursement which might alter the impact on the Ring Utrecht SCBA.

Further Research

This study opens several avenues for further research, all aimed at deepening our understanding of how travel cost reim-
bursement (TCR) influences the Value of Travel Time (VTT) across different contexts and populations.

An intriguing yet unanswered question is whether a travel cost reimbursement increases the V TT to the same extent for low-
income individuals as it does for high-income individuals. This could be studied through a similar analysis as was performed
in this study, only now allowing for a heterogeneous interaction across income groups. This also leads to the methodological
implication listed earlier; namely that for future national V TT surveys it could be beneficial to retrieve more specific information
on what type of travel cost reimbursement respondents receive. One can imagine that reimbursement effects on the V TT might
be very similar for low- and high-income respondents whenever their travel costs are directly and in full paid by the employer.
However, when people first have to pay for the travel cost themselves and are only thereafter compensated a fixed amount, a
financial incentive to make cheaper choices remains, and a different interaction for low- and high-income groups might show.

Another avenue for further research would be to ensure whether the observed difference in the V TT is a reflection of true
preferences and not limited to a stated preference study, we suggest performing a revealed preference study with the same
goal as this study. This might even be possible on existing data, e.g. by exploring smart-card data. However, we expect that
finding a significant interaction between the V TT and travel cost reimbursement will be very difficult if not impossible due to
multicollinearity. In other words; the number of occurrences in real life where one can choose between a slower but cheaper
route is very limited.

Furthermore, another avenue could be to confirm whether partial travel cost reimbursement indeed affects the V TT to a
lesser extent than a full travel cost reimbursement. To do so in a future study it would be very valuable to also record the type
of reimbursement respondents receive to ensure the difference between a partial- and a full travel cost reimbursement is not
due to another confounding variable; the type of travel cost reimbursement.

Additionally, further research could be to ask respondents whether they usually receive a travel cost reimbursement for their
day-to-day commute but ask them to keep a trip in mind which is not reimbursed. Thus asking respondents with a reference
journey which is not reimbursed if they receive a TCR for commuting. This approach would enable us to evaluate whether
usually receiving a TCR affects the V TT even if the respondent thinks of another reference journey. In other words; this
would enable us to evaluate whether a travel cost reimbursement changes a person’s V TT for all trips or if a person’s V TT
is only affected for the commute trip to which the reimbursement applies. Because even if respondents are thinking of a
non-reimbursed trip, the habit of receiving reimbursement could influence their perception of costs and benefits, potentially
altering their VTT.

An additional evaluation could consider whether a reference-based design impacts the extent to which travel cost reimburse-
ment effects occur. 4 Specifically, it is plausible that a choice set which is based on the reference (reimbursed) trip influences
the extent to which individuals with travel cost reimbursement take their reimbursement into account as such a choice set more
closely resembles their reimbursed reference trip.

Another interesting avenue for further research would be to investigate whether respondents with a lower-scale parameter
are also respondents who make faster choices. Put simply; does scale correlate with response time? Such a relation was
already found by [17] for externally imposed response time limitations but to our knowledge not yet for response time
without externally imposed limits. If a strong and consistent relation is found this could be a nice check for researchers when
assuming homoscedasticity of their data. A strong correlation between the two would also be in line with our expectation that
task motivation might be one of the causes of scale differences as we would expect lower motivated respondents to make
choices more quickly. Furthermore, following the same arguments, respondents with a TCR could also show more non-trading

4A reference-based design in short, is where the reference cost- and time values of the respondent are included in either one or both of the alternatives.
Thus there is always some value in the choice set which is the same as the reference journey which was described by the respondent.
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behaviour. Non-trading behaviour in this case would mean that respondents always choose the alternative with the lowest travel
time.

One last potential avenue for further research is the exploration of the interaction parameters between reimbursement bins
and the V TT by assigning them a random distribution and estimating a mixed Logit Model. This approach may allow for the
analysis of heterogeneity within these interaction parameters since it might be possible that some respondents assume that their
reimbursement may not apply to the tradeoffs presented and therefore do not show an increased V TT . However, applying this
procedure is guaranteed to result in a higher model fit, as a more flexible utility specification is set. Thus evaluating whether
this method yields greater predictive power will be difficult.
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