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Abstract

This study examines to what extent travel information can be used to direct travelers to
system-optimal routes that may be sub-optimal for them personally, but contribute to net-
work efficiency. This is done by empirically examining determinants of travelers’ compli-
ance with social routing advice. To that end, we conducted both a stated choice experiment
and a revealed choice experiment (which also collected stated intentions and motivations
for revealed behavior). Results from the stated choice experiment indicate a significant dif-
ference in compliance behavior across different information frames, societal goals, sizes of
travel time sacrifices and personality. These findings are less evident from results based on
analysis of revealed choices; i.e., the main motivation for revealed compliance seems to be
an intrinsic motivation to contribute to improved throughput, while the main motivation
for non-compliance relates to perceived traffic conditions. Moreover, the size of the travel
time sacrifice seems not that important as expected. Nonetheless, comparing stated inten-
tions with real-world behavior suggests that a relation between intention and compliance
frequency does exist.
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Introduction

Travel information is expected by many scholars and practitioners alike to be successful in
improving road network efficiency by directing the network state from a user equilibrium
towards a system optimum. Yet, conventional (personalized) travel information aims at the
individual’s benefit, stimulating travelers’ personal optimization of their own route choices
(so-called selfish routing behavior); this may lead to an inefficient user equilibrium (e.g.,
Ben-Akiva et al. 1991). Note that the road network might even more than ever before be
approaching a perfect user equilibrium due to the rapid increase of real-time community-
based routing applications on smartphones (such as Waze 2018), as properly pinpointed by
Klein et al. (2018). As selfish routing tends to result in severe congestion at certain loca-
tions in the road network and slow down overall traffic movement, traffic authorities tend
to pursue system (or social) optimal network conditions in which the total travel time—and
therewith congestion—within the network is minimized. Examples on network efficiency,
such as Pigou’s example (Pigou, as cited by Roughgarden 2006) and Braess’s Paradox
(Braess et al. 2005), have shown that in order to achieve system optimal network condi-
tions, some travelers need to act socially and choose route alternatives possibly at their
own expense (i.e., they might need to take a detour), referred to as social routing behavior.
See Levy et al. (2017) and Klein et al. (2018) for two recent theoretical and simulation-
based expositions of how different behaviors at the micro-level may lead to system-optimal
outcomes.

Several steering approaches in order to direct travelers towards these social routes
exist; examples are road pricing and the use of personalized incentives (e.g., discounts or
rewards). These conventional steering approaches have shown to be successful in changing
behavior (e.g., Anas and Lindsey 2011; Ettema et al. 2010), although their social desir-
ability is questioned (e.g., Te Brommelstroet 2014; Verhoef et al. 1997). The provision of
travel information and social routing advice is another approach that is receiving increas-
ingly attention recently (e.g., Jahn Mohring et al. 2005; Van den Bosch et al. 2011; Xu and
Gonzalez 2017; Colak et al. 2016). However, those studies mainly build upon theoretical
assumptions rather than empirical findings. As such, a crucial and unanswered empirical
research question in this regard is whether travelers comply with received route advice—or
can be motivated to—when the advised route implies a personal travel time sacrifice for the
benefit of others (i.e., the system as a whole). To that end, we empirically assess travelers’
compliance with social routing advice. Note that we define compliance as a route choice in
accordance with received route advice.

We collect empirical data on social route choices in response to social travel informa-
tion strategies using both a stated choice experiment (SP) and a revealed choice experiment
(RP). In order to enrich the information obtained from revealed choices, we combine the
RP experiment with the experience-based sampling (ES) method; asking a subject about
its behavior and motivations in a certain situation directly after that particular situation has
revealed itself. This method is not often used in travel behavior research yet, although it is
highly useful in assessing route choice behavior in response to social routing advice in real-
world daily-life context. A review of the applied methods and their limitations is provided
in “Literature review” section. Moreover, we develop and test several information framing
strategies that aim to stimulate social route choice behavior. In line with a recent literature
review on the role of social choice behavior, bounded rationality and travel information in
improving road network efficiency (Van Essen et al. 2016), we take into account the degree
of rationality in travelers’ decision strategy and their intrinsic inclination towards choosing
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the social route. In addition to this focus on the framing of travel information and personal
characteristics, we pay attention to both the size of the travel time sacrifice and the societal
goal underlying the information; i.e. we go beyond existing research by not only looking
into information messages pursuing a system optimum, but also into messages aiming at
other societal benefits, such as traffic safety and environmental sustainability.

In sum, our study contributes to the existing literature by (1) the development of sev-
eral information framing strategies taking into account personal characteristics, (2) the
extended focus on the size of the travel time sacrifice and the societal goal underlying the
information, and (3) the collection and use of empirical data on social route choices using
both SP and RP in combination with ES. The remainder of this paper is structured as fol-
lows. “Literature review” section provides the research background, whereas “Methodol-
ogy” section introduces the developed information strategies and describes the experimen-
tal set-ups and methodologies. Subsequently, “Results” section shows results and findings
from the data analysis. Finally, this paper discusses the results in “Discussion” section and
presents key conclusions in “Conclusion” section.

Literature review

Neoclassical choice theories largely build upon two behavioral assumptions, i.e., individu-
als are rational in how they choose and selfish in what they choose. This concept is widely
criticized by behavioral economists who build upon psychology, social sciences and eco-
nomics in order to explain deviations from this rational selfish choice behavior. Main line
of criticism is that individuals have cognitive limitations, make errors, have biases or emo-
tions influencing their decision making (e.g., Simon 1955; Tversky and Kahneman 1991;
Zajonc 1980), i.e., they are boundedly rational. Moreover, individuals can choose to sim-
plify their decision strategy and seek a satisfactory alternative rather than the optimal alter-
native, often called satisficing (e.g., Simon 1955), or make their decisions in a habitual way
and just use the alternative that provided the most positive experience in the past (e.g., Ver-
planken et al. 1997). One potential explanation for such behavior is that individuals tend
to minimize their (cognitive) efforts at the cost of the accuracy of their choice outcome
according to some sort of effort-accuracy trade-off framework (Johnson and Payne 1985).
In line with this, several studies found that travelers choose a short travel time alternative,
although not necessarily the shortest travel time alternative (e.g., Ciscal-Terry et al. 2016;
Vreeswijk et al. 2015; Zhu and Levinson 2010). These findings indicate that individuals do
not necessarily want to use the route alternatives that benefit them the most, are not able
to correctly identify these or are not particularly interested in this. Building upon princi-
ples of bounded rationality, Avineri (2009a) provides travel-related examples that illustrate
how small adaptations to the presentation of travel information could direct travelers to
social choice options without them even realizing it. Moreover, many studies found evi-
dence that individuals do not exclusively behave in selfish ways, but that they do care about
others’ welfare as well (e.g., Georgescu-Roegen 1954; Ostrom and Walker 2003; Poteete
et al. 2010; Sen 1977). A traffic-related example of this behavior is that car drivers often
give right of way to others at intersections, merges, or lane changes, accepting a (very)
short delay to avoid delay for others (although often imposed by regulations). Although
studies within various fields continued this line of research, researchers within the field of
transportation started to consider social choice behavior only more recently, and mostly
related to sustainable transportation (e.g., Nilsson and Kiiller 2000; Van Vugt et al. 1996).
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A few recent studies examine the impacts of social choice behavior on road network effi-
ciency and found that when all travelers start to value social outcomes only slightly, up to
60% of potential travel time savings could be attained (Avineri 2009b; Levy et al. 2017;
Colak et al. 2016), although lower results are obtained when only a minority of travelers
choose their routes (fully) socially; i.e., about 7% (Van den Bosch et al. 2011). Moreover,
Djavadian et al. (2014) provide some initial evidence that travelers are willing to comply
with social routing advice, especially when incentives are provided. Besides the study by
Djavadian et al. (2014), little empirical evidence and knowledge of social choice behavior
related to specifically route choices exist. Hence, further research on this topic is necessary.

In order to engage in certain behavior—such as making social route choices—indi-
viduals have to evaluate that behavior positively. It has been suggested that one’s attitude
towards social choice behavior is related to the individual’s social value orientation, which
represents his or her preference for certain outcomes for him- or herself as well as for oth-
ers (Knight and Dubro 1984; Platow 1993). Multiple orientations have been identified
although most studies use a three-category typology focusing on cooperative, individual-
istic and competitive orientations (Platow 1993). Cooperatives tend to maximize outcomes
for both themselves and others, often combined with minimization of the relative differ-
ences between those outcomes (i.e., equity/equality); individualists tend to maximize their
own outcome, regardless of others’ outcome; and competitors tend to maximize the differ-
ence between their own outcomes and those of others (e.g., Van Lange et al. 1997). How-
ever, these personality traits do not tell the entire story: in order to make social choices,
individuals need not only to be ‘cooperatively oriented’, they need to believe that others
make social choices as well (Pruitt and Kimmel 1977). That is, social choice behavior
depends on the individual’s belief of the extent to which the collective goal can be achieved
(often referred to as ‘trust’, e.g., Van Lange et al. 1998; Yamagishi 1988). Moreover, the
opinion of peers and society, as well as the feeling of moral obligations, play an important
role (e.g., Ajzen 1991; Schwartz 1977). These moral obligations stem from individuals’
awareness of the consequences of certain behavior (e.g. traffic congestion or environmental
damage caused by car and road use) and the extent to which they feel responsible for these
consequences (Schwartz 1977).

Findings and examples on non-selfish non-rational choice behavior lead to increased
expectations that travelers might comply with travel information and routing advice that
directs them towards a particular route alternative, not for their own sake, but to benefit
the road network as a whole. Note that we do not regard bounded rationality as a prereq-
uisite for social choice behavior. We only want to point out that its existence provides the
opportunity to direct travelers towards social routes, especially when they are individually
oriented, and that we might want to build upon this.

Several valid methods exist in order to assess travelers’ compliance; i.e., stated choice
experiments, laboratory experiments (including gamified experiments and experimental
economics) or field experiments. Stated choice experiments and laboratory experiments are
flexible and low-cost, attribute values can be easily controlled and behavioral responses
can be easily observed (Kroes and Sheldon 1988; Verhoef and Franses 2003). However,
it is debated how well findings from such studies can be extrapolated to the real world
(Kroes and Sheldon 1988), especially when social choices are involved (Levitt and List
2007). Field experiments tend to have higher external validity, although they often suf-
fer from smaller sample sizes—resulting in lower statistical power—and attribute values
which cannot be properly controlled for, potentially even prohibiting statistical inference
due to e.g., serial correlation. Because field experiments take place in a dynamic context in
which behavior can change from day-to-day, qualitative data about motivations for certain
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choice behavior would be quite useful. To that end, researchers within the field of travel
behavior collect travel diaries or have an observer present during the experiment (e.g.,
Hoogendoorn-Lanser et al. 2015; Tawfik and Rakha 2012). Another method, that is not
often applied within this field of research, is the experience-based sampling method (Hek-
tner et al. 2007); participants are asked about their behavior and motivations in a certain
situation, directly after this situation revealed itself in daily-life. As such, the behavior of
participants is not influenced by the presence of an observer, while more accurate data can
be obtained compared to the use of diaries (i.e., answers are less dependent upon memory).
In order to exploit the strengths and mitigate the weaknesses of each approach, we con-
duct both a stated choice experiment and revealed choice experiment in combination with
experience-based sampling; and we compare their results.

Methodology
Design of system-optimal information strategies

Four system-optimal information strategies have been developed; these strategies aim to
influence individuals’ route choice behavior without restricting their freedom of choice,
each with the objective to improve network efficiency. Strategies range from low informa-
tion content (i.e., providing almost no contextual information) to high information content
(i.e., providing detailed information on context as well as the importance and consequences
of certain choices). Moreover, some strategies capitalize on travelers’ bounded rational-
ity, whereas others focus on influencing or reinforcing their attitude towards the social
route alternative. Table 1 provides an overview of this classification. Each strategy com-
bines several principles that are, according to literature, potentially successful in changing
(travel) behavior. This is done in such a manner that the strategies are distinct from each
other, while remaining realistic, credible and practical (this is the reason why some cells in
Table 1 are empty).

Now, a short description of each strategy will be provided. The fully detailed opera-
tionalization of each strategy will follow in “Operationalization of information strategies”
section.

e STRATEGY | ‘REcCOMMENDATION’: This strategy provides plain advice on the route
alternative that the specific individual should choose to the desire of the traffic man-

Table 1 Overview of strategy classification

Low information Moderate information ~ High information
content content content
Capitalize on existing bounded  Strategy 1 ‘Recom- Strategy 2 ‘Nudge’ -
rationality mendation’
Focus on influencing attitude - Strategy 3 ‘Social Strategy 4 ‘Educate’
towards behavioral change Reinforcement’
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ager or road authority without any contextual information. Thereby, this strategy
capitalizes on individuals’ potential perception errors (Carrion 2013) or disinter-
est in choosing the shortest travel time alternative. Moreover, it reduces individu-
als’ cognitive effort as it allows them to simply follow the provided recommendation
(inspired by the effort-accuracy trade-off framework by (Johnson and Payne 1985).

e STRATEGY 2 ‘NupGe’: This strategy presents information about the choice situation,
and each choice option, in such a manner that individuals are somewhat directed
towards the desired choice option without realizing it. The social route alternative
is both presented first and emphasized as such, creating awareness of its existence.
This is in line with the theory of default settings (e.g. Pichert and Katsikopolous
2007; Sunstein and Thaler 2003). Additionally, positive aspects of the social alter-
native, as well as negative aspects of the non-social alternatives are highlighted to
make these salient (Avineri 2009a) and anticipate on potential loss aversion among
travelers (Kahneman and Tversky 1979). Positive aspects are also emphasized in the
label of the social route.

e STRATEGY 3 ‘SociaL REINFORCEMENT : This strategy provides objective information about
the choice situation and each choice option. Additionally, it provides information on the
choices of others by showing the (in our experiment hypothetical) percentage of travel-
ers that choose the social routing option (inspired by Araghi, Kroesen, Molin, and Van
Wee (2014) who applied this principle in the context of carbon footprint offsetting). As
a result, this strategy creates awareness about existing social norms regarding certain
travel behavior and it reinforces trust or belief in a successful collective outcome or
achievement (i.e., system optimum). Moreover, it puts their sacrifices (e.g., travel time,
cost and effort) into perspective as they will know they are not the only ones making
these sacrifices. Consequently, both an individual’s normative belief and his or her atti-
tude towards the desired social choice are potentially influenced.

e STRATEGY 4 ‘Epucate’: This strategy explains the context and importance of the indi-
vidual’s choice behavior for the desired collective outcome of achieving a system opti-
mum. Moreover, it informs the traveler about each route alternative providing objective
information on their characteristics. Finally, it instructs the traveler about the desired
behavior by recommending the social alternative. As a result, this strategy creates con-
sciousness about the context in which route choices take place and raises awareness
of the consequences of individual’s own behavior regarding the desired collective out-
come.

Stated choice experiment (SP): questionnaire
Participants

211 respondents were recruited based on voluntary participation and self-assessment of
eligibility; they were asked to only complete the questionnaire if they use a car for their
commute at least every now and then. Links to the questionnaire were published on the
employee portal of the University of Twente (Enschede, The Netherlands) and through
social media (Facebook and Twitter). The survey was online from May to August, 2016.
Respondents who completed the questionnaire could participate in a prize draw in which
they could win a voucher—three vouchers were available—at the worth of €50,—which
could be used at a well-known online shopping platform.
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Materials

The online questionnaire consisted of four parts; the first part collected stated choices
through hypothetical situations, the second part assessed respondents’ decision-making
styles in line with dual-process theories developed within the field of cognitive psychology
(e.g., Stanovich and West 2000), the third part assessed respondents’ social value orienta-
tion and the final part of the questionnaire collected information about respondents’ actual
mobility pattern, both in general and related to their commute trip. Moreover, demographic
information (i.e., age, gender, and education) was obtained. Validated questionnaires from
the field of social psychology are used to assess respondents’ decision-making styles and
social value orientation.

A decision style which encompasses processes that are ‘automatic, largely unconscious,
and relatively undemanding of computation capacity’ (Stanovich and West 2000, p. 658)
is often associated with habitual behavior (e.g., Jakobssen 2003; Verplanken et al. 1997).
We measure a habit-driven decision style by means of the decisional involvement scale that
was developed by Verplanken et al. (1994) to examine habit in mode choice for shopping
trips. This measure consists of eight statements using 5-point Likert-scales (Cronbach’s
a=.82). A high score on the aggregate decisional involvement scale suggests that travel-
ers made their route choices deliberately; no habit is involved. As decisional involvement
is known to be highly dependent on the context, statements were presented with the stem
‘When I commute by car...” and words related to mode choice were replaced with words
related to route choice.

A decision style which ‘encompasses the processes of analytic intelligence’ (Stanovich
and West 2000, p. 658) is often associated with maximizing behavior, as opposed to satis-
ficing behavior. We measure maximizing versus satisficing decision-making by the con-
text-free maximizing tendency scale that was developed by Lai (2010). This measure con-
sists of five statements using a 5-point Likert-scale (Cronbach’s a=.69). A high score on
this scale implies that the respondent has an intrinsic tendency to maximize, while a low
score is associated with the intrinsic tendency to satisfice and choose the option that is
‘good’ enough.

We measure social value orientation using the canonical SVO-slider measure developed
by Murphy et al. (2011). This measure provides respondents with six carefully designed
choice situations in which they have to allocate a hypothetical money-budget to themselves
and someone else. Importantly, the ‘other person’ is hypothetical and anonymous, and
there is no follow-up in terms of the other person accepting or rejecting the offer (as in the
ultimatum game). This SVO-measure has been found to be more reliable than previously
used SVO constructs, such as the Ring Measure (Liebrand 1984) and the Triple-Domi-
nance Measure (Van Lange et al. 1997), and is compatible with a route choice context, in
the sense that road users are anonymous and in the sense that reciprocity does not play a
role.

Procedure
In collecting stated choices, respondents were asked to picture a hypothetical com-
mute trip. They were provided with travel information with respect to this commute trip

according to one of the information strategies from “Methodology” section (i.e., there
were four versions of the questionnaire—each containing only one of four information
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strategies—and each respondent received only one version of the questionnaire, which was
randomly assigned). Respondents were told that the information message was received on
their smartphone and was sent by their local road authority. They were asked to choose
between two route alternatives: their (hypothetical) usual route that takes 28 min and some
‘similar route’ with a slightly higher travel time that contributes to a certain societal goal.
The assumed timing of the information message is at trip departure.

Design

For the stated choice, a 2x3 full factorial design was used that considers travel time sac-
rifices imposed on the respondent (i.e., small versus large) and societal goals (i.e., con-
gestion alleviation, traffic safety and environmental sustainability) that are aimed for by
the information message; hence, respondents generally made six choices. Note that only
three choices were made when the recommend-strategy was applied; this strategy did not
provide travel time information and as such the travel time sacrifice did not vary. Travel
time sacrifices of 3 min and 7 min are applied. These sacrifices originate from findings of
a field study by Zhu and Levinson (2010) who found that many travelers who did not use
their shortest travel time alternative, used alternatives that were less than 5 min longer than
this shortest travel time alternative. The reason for distinguishing between different societal
goals is that it allows us to study whether travelers’ inclination to comply with the social
routing advice depends on the goal which the government aims to achieve with the advice.

Revealed choice experiment (RP): field experiment
Participants

28 participants were voluntarily recruited among employees of companies located at the
Business and Science Park Twente and the neighboring University of Twente in Enschede,
The Netherlands. To that end, an advertisement was published on the employee portal of
the University of Twente and an email was sent to the secretaries of companies and facul-
ties. Employees were only eligible for participation if they made at least 3 commute trips
per week by car during morning peak hour. It was ensured that their usual route to work
passed certain predefined locations covering the main inbound routes to the destination
area, guaranteeing the existence of an acceptable and realistic detour for their commute
trip. The experiment took place during 5 consecutive weeks (January 16th until 17th Feb-
ruary 2017).

Participants who completed the experiment could participate in a prize draw in which
they could win an Ipad or a voucher—three vouchers were available—at the worth of €50,-
and €20,-, which could be used at a well-known online shopping platform.

Materials

Data was collected using the smartphone application ‘SMART Mobility” (SMART in
Twente 2016). This application automatically collects trip-data, i.e., origin, destination,
departure time, arrival time, route and mode (-chain) for each trip. Further, the app can
send messages to specific users and it can send specific questions to certain users which
are triggered by the occurrence of a certain event or activity, according to the principle
of Experience-based Sampling (Hektner et al. 2007). Moreover, participants filled out a
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short questionnaire in order to assess to what extent certain personality traits influenced
their actual behavior. The exact same questionnaires and scales applied in the stated choice
experiment were included in order to assess participants’ decision styles and attitudes
towards social behavior as well as the extent to which their route choices are deliberate or
habit-driven.

Procedure

Participants installed the application ‘SMART Mobility’ on their personal smartphone. On
working days, this application sends tailor-made information messages containing route
advice for the morning commute to its users. The timing of the information message is set
to 15 min before the user’s average commute departure time to ensure that users receive
the message before they depart. Participants were randomly assigned to one of two infor-
mation strategies; i.e., the ‘Recommend’-strategy or the ‘Educate’-strategy. For two days
every working week the social route was advised to each participant, while on the remain-
ing days of the working week their usual route was advised. This is to avoid that partici-
pants feel that they themselves have to sacrifice all the time, while never reaping the ben-
efits, and therefore might stop complying with the advice or do not comply at all. Note that
the behavior of drivers who do not participate in the experiment does not change. Hence,
actual benefits will not be experienced by participants. However, as demonstrated by Colak
et al. (2016), travel time benefits will be marginal (ranging from 1 to 3 min) and might
be imperceptible for the majority of travellers due to the natural variability in travel time
caused by events, weather conditions and traffic lights. After a commute trip was made,
app-users automatically received two questions about the main reason for choosing a par-
ticular route and the role that the information message played in that decision using expe-
rience-based sampling. Finally, actual travel times on both the usual and social routes were
collected from Google Maps at a 5-min interval in order to monitor the road network and
quantify the actual travel time sacrifices that have been made by the participants.

Design

Due to small sample size, only two out of four information strategies were applied; i.e.,
the ‘Recommend’-strategy and the ‘Educate’-strategy. These strategies were most dis-
tinctly classified regarding information content and focus. Moreover, only the commonly
used goal to alleviate congestion was implemented. In order to enable within-subject com-
parison between stated choice and revealed choice, participants answered a question on
their intended behavior at least 1 month before the start of the experiment; i.e., a choice
situation, tailored to the participants’ choice context as would be experienced during the
field experiment, was provided. This 1 month time period was applied in order to limit the
influence of the stated intention on participants’ subsequent revealed behavior during the
experiment.

Datasets

From this field experiment, we obtained two datasets; Stated Intention (SI) and Revealed
Preference (RP). The Sl-dataset contains the intended behavior before the start of the
experiment provided by 22 participants. Note that these stated intentions are actually stated
preferences; we use the term intentions in order to make a clear distinction between this
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dataset and the SP-dataset obtained from the questionnaire in “Stated choice experiment
(SP)—questionnaire” section. The RP-dataset contains the actual behavior of 28 partici-
pants (including the 22 participants from the SI-dataset). We obtained 269 route choice
observations in which the information message was read before reaching the passage point
where the decision whether or not to comply should be made. In 116 of these 269 obser-
vations (43%) the social route was advised. Since 3 participants either did not read the
information message or did not undertake a commute trip on days that the social route was
advised, the number of participants reduces to 25 for analyses that only consider these spe-
cific days.

Operationalization of information strategies

Table 2 provides an overview of our operationalization of each information strategy. In the
SP-experiment, each message was embedded in a picture of a smartphone screen in order
to increase realism.

Outline of empirical analysis

Our analysis consists of four parts. First, we provide compliance rates for each dataset
to gain some initial insights and understanding. Note that compliance is measured as the
event where the respondent or participant chooses the social route in line with received
advice. As such, compliance might occur for some other reason than the received advice
as well (we elaborate further on this in section “Analysis of motivations”). Subsequently,
we compare findings between the SP, SI and RP datasets. Wardman (1988) identified two
approaches to test the external validity of stated preferences that are mainly used in trans-
portation contexts. The first approach is to compare stated intentions regarding a certain
event with the actual behavior after the event has occurred; these are so-called ‘before
and after’ studies. A second approach is the comparison of travel behavior models based
on stated preferences and revealed preferences. We apply both approaches. For the first
approach, SI and RP choices are compared in a descriptive way. For the second approach,
choices made in SP and RP are analyzed by means of estimating discrete choice models on
information compliance. Finally, we conduct qualitative analyses of motivations to comply
with the received route advice to obtain insights into the reasons behind observed behavior.
We use a 5% significance level for all statistical tests.

Model specification

We estimated Mixed Logit models accounting for panel effects, taking into account that
respondents and participants (in both experiments) made multiple choices and hence might
carry some of their preferences across choice tasks.

Three models were estimated; one model based on the SP-dataset, one model based on
the RP-dataset and one joint SP/RP-model based on both datasets. In the joint SP/RP-model
both datasets are combined by scaling the utilities in one dataset in order to allow for dif-
ferences in error term variance across datasets. We included three attributes in each model,
i.e., the information strategy that was provided (4 levels in SP: Recommendation, Nudge,
Social reinforcement, Education—2 levels in RP: Recommendation, Education), the soci-
etal goal that was pursued by the information content (3 levels in SP: alleviate congestion,
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Table 2 Overview of operationalization of information strategies

Strategy 1 ‘Recommendation’ in SP

Introduction: Imagine that you are about to undertake a trip to your work location by car. In the
following message the information service on your smartphone advises you to take another route
than usual today:

Map shown: Message content:

“The route shown contributes to congestion alleviation
within the road network in your region. Consequently, we
advise you to take this route.

@ _/;imilar The advised route might result in a slightly longer travel time

”
route compared to your usual route.

Map

Strategy 1 ‘Recommendation’ in Sl and RP

No introduction

Map shown (Tailor-made map): Message content:
At Delden e “If you are driving to work today, we advise you to take the
2edom 7 Lt route following below. This route contributes to congestion
alleviation within the road network in your region.”
rspel Goor g =] perv® Er:s
i & osko LLS‘

Strategy 2 ‘Nudge’ in SP (not included in Sl or RP)
Introduction: Imagine that you are about to undertake a trip to your work location by car. Your usual
route takes 28 minutes. You receive the following message concerning your usual route and some
similar alternative by the information service on your smartphone:

Map shown: Message content:

Map “Social route: your travel time is 31 minutes and you
contribute to congestion alleviation in your region.

Usual
route - o )
Your usual route: your travel time is 28 minutes, however,
_Acial you add to congestion. This results in additional delays
10 e

experienced by other users of this route.”
route

Strategy 3 ‘Social Reinforcement’ in SP (not included in Si or RP)

Introduction identical to Strategy 2.
Map shown: Message content:

Map “Your usual route takes 28 minutes. The similar alternative
takes 31 minutes, however, when you take this route, you

Usual g
rotits /ﬂ X contribute to congestion alleviation in your region. For that

-/\ reason, we ask you to take the similar alternative.
Similar

In other regions, we have asked travelers to choose a
route : .
particular route alternative for the same reason. On average,
72%* of travelers complied with our request. This had a big
effect on the throughput in these regions. Do you take part
to achieve this in your region as well?”
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Table 2 (continued)

Strategy 4 ‘Education’ in SP

Introduction identical to Strategy 2.

Map shown:

Map
Usual
route

f,bﬁ e ‘%\milar

route

Message content:

“When everybody chooses the fastest route alternative (your
usual route), this could lead to delays and congestion on this
route. Consequently, everyone ends up with additional travel
time. When part of the travelers take a short detour using a
similar alternative (social route), the remaining travelers on
this route could drive on faster. As a result, we expect to
reduce congestion and improve throughput significantly. You
can contribute by complying with our advice:”

Your usual route
(fastest route)

Similar route
(social route)

Estimated travel

28 minutes

31 minutes

time

“We advise you to take the similar route today. This is the
social alternative.”

Strategy 4 ‘Education’ in Sl and RP

No introduction

Map shown (Tailor-made map using
‘Route 1’ and ‘Route 2’):

Ambt Delden Klein Driene

Zeldam

Bentelo

Kerspel Goor Beckum

Message content:

“When everybody chooses the fastest route alternative (your
usual route), this could lead to delays and congestion on this
route. Consequently, everyone ends up with additional travel
time. When part of the travelers take a short detour using a
similar alternative (social route), the remaining travelers on
this route could drive on faster. As a result, we expect to
reduce congestion and improve throughput significantly. You
can contribute by complying with our advice:”

Route 2
(social route)
39 minutes**

Route 1
(usual route)
35 minutes**

Estimated travel
time

“If you drive to work today, we advise you to take route 2.
This is the social alternative.”

*This number is fixed throughout the experiment.
**Provided travel times are tailored to the participant’s choice context and are obtained from Google Maps.

increase safety, reduce emissions—1 level in RP: alleviate congestion) and the travel time
sacrifice that was needed in order to comply with the information (continuous). Moreo-
ver, we included three two-level attributes related to personality traits (i.e., Social Value
Orientation (individualist versus cooperator), Maximizing Tendency (maximizer versus
satisficer), Decisional Involvement (habit executioner versus non-habit executioner)), and
three attributes related to socio-demographics (i.e., Age <34 year, 35-54 year, >55 year),
Education (professional education versus lower or vocational education) and Gender (male
versus female). Note that these are all dummy coded, except for the continuous travel time
sacrifice. As not all strategies included information on travel times—in such cases, no
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explicit sacrifice was provided—travel time sacrifice was interacted with a dummy for the
presence of travel time information.

The utility function of compliance for the SP-model and the RP-model (note that the
utility of the non-compliance option is fixed at zero for normalization purposes):

Uy =ASC+ Y B, + v, + £, 0

In which U,,, denotes the total utility associated with compliance by individual 7 in context
t. b, denotes the parameter to be estimated that is associated with the m ™ attribute x,,. ASC
denotes an intrinsic willingness to comply with the advice. Finally, v, and ¢,, are random
errors. The former is Normally distributed with a mean of zero and an estimated standard
deviation. This error only varies across individuals; it is constant within individuals and
across tasks, reflecting a stable inclination of the individual (not) to comply with the infor-
mation. The latter error is distributed i.i.d. Extreme Value type 1 across both individuals
and choice tasks, reflecting additional variation in unobserved utility (‘white noise’).

Note that the societal goal attribute is not included in the RP-utility function, because
only one goal was applied in the RP-experiment.

The applied utility function of compliance for the joint SP/RP-model:

U, = WP x (ASC + ) By v, + s,,,) )

In which u represents the scale factor that is applied to the SP-dataset in order to obtain the
same variance in both datasets. SP indicates to which dataset the observation belongs (i.e.,
it equals 1 for SP and O for RP). Note that u equals zero when there is no difference in vari-
ance of unobserved utility between the two datasets. The models are estimated using the
Biogeme software package (Bierlaire 2003) with the ‘donlp2’-algorithm (Spellucci 1993)
using at least 1000 Halton draws. Experiments with less draws indicated that 1000 draws
were sufficient to obtain stable parameter estimates.

Results
Descriptive characteristics of samples

Table 3 describes the samples from both the stated choice and revealed choice experiment
and provides information on segmentation of measured personality traits. That is, each per-
sonality trait is described by its extremes, resulting in two categories per trait. As the social
value orientation measure specifies three categories of which competitors are rarely present
in a route choice context, this category is combined with individualists; i.e., they both aim
to enhance outcomes for themselves (either absolute or relative). This two-category typol-
ogy is used by other studies as well (e.g. Van Lange et al. 2011).

There is no evidence that samples are different regarding gender
()(2 =0.0,DF = 1,p = .978), social value orientation ()(2 =24,DF =2,p = .295),
decision-making strategy (y>=1.4,DF = 1,p =.243) or decisional involvement
(y?> =0.1,DF = 1,p = .756). However, participants in the RP-experiment seem slightly
older (y>=4.9,DF =2,p=.088) and higher educated (y>=7.8,DF =2,p = .020)
compared to respondents in the SP-experiment.
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Table 3 Descriptive characteristics of samples

Stated choice

Revealed choice

(N=211) [%] (N=28) [%]

Assigned to information strategy

1: Recommendation 25 50

2: Nudge 25 n/a

3: Social Reinforcement 24 n/a

4: Education 26 50
Gender

Female 43 43

Male 57 57
Age

16-34 50 32

35-54 39 61

>55 11 7
Education

Lower education 1 0

Secondary school or vocational 27 4

education

Professional education 72 96
Staff category

University: academic n/a 39

University: supportive n/a 43

Company employee n/a 14

No answer n/a 4

Social value orientation

Individualist
Competitor

Cooperator

based on SVO-slider measure by
Murphy et al. (2011)

36 21
1 0
63 79

Segmentation:

Non-cooperator
Non-cooperator

Cooperator

Decision-making strategy

Maximizer

Satisficer

Decisional involvement

Habit executioner
Non-habit executioner

Based on context-free maximizing
tendency scale by Lai (2010)

76 86
24 14

Based on decision involvement scale
by Verplanken et al. (1994)

46 43
54 57

Segmentation: Average score
on statements... (1-5)

>3

<3

Segmentation: Average score
on statements... (1-5)

<3

>3

Compliance rates

Compliance rates for SP, SI and RP-samples are provided and compared (see Table 4). To
enable comparison, the SP-dataset is reduced to only those observations that are similar to
the RP-observations; i.e., only observations that contain a ‘recommendation’-strategy or
‘education’-strategy and involve the congestion alleviation goal are included.
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Table 4 Compliance rates

Usual route chosen  Social route chosen Some other route Total [#]

chosen
SP (reduced dataset)
Advice ‘Social route’ Non-compliance Compliance
Total 43% (70) 57% (93) 163
Overall (full dataset) 54% (601) 46% (506) 1107
SI
Advice ‘Social route’ Non-compliance Compliance
Total 59% (13) 41% (9) 22
RP
Advice ‘Social route’ Non-compliance Compliance Non-compliance
Total 59% (68) 31% (36) 10% (12) 116
Advice ‘Usual route’ Compliance Non-compliance Non-compliance
Total 88% (135) 3% (5) 8% (13) 153

For the RP-experiment, we observe higher compliance rates when the usual route is
advised (88%) compared to when the social detour was advised (31%); this is as expected.
When we compare compliance rates for the social detour for SP and RP, we observe sig-
nificant differences; compliance in RP (31%) is significantly lower than compliance in the
reduced SP (57%) (y? = 12.8, DF = 1, p = .000). Nonetheless, compliance rates for taking
the detour are similar between SI (41%) and RP (31%) (y? = 0.313,DF = 1,p = .576).
This suggests a correspondence between what individuals say they would do and what
individuals actually do in the context of the field experiment, although this could also be
the result of the small sample sizes of the SI and RP datasets.

Note that Djavadian et al. (2014) obtained slightly lower compliance rates (21-28%) in
their laboratory study using strategies based on information and incentives.

Stated intention (SI) versus actual behavior (RP)

Figure 1 shows to what extent participants behaved in line with their intention during the
field-experiment; note that, since SI entails one choice, while RP contains multiple choices,
these cannot be compared one to one. 41% stated to choose the social route. Of these, 89%
actually chose the social route at least once when they faced this situation in reality; 56%
did this even 3 times or more. On the other hand, 59% stated to stick to their usual route.
38% of them did indeed not choose the social route alternative in real-life, whereas 46%
chose the social route only once. Overall, participants who intended to take the social
route, did this in 56% of the cases, while others chose the social route in only 17% of the
cases. These findings indicate that there exists a relation between intention and compliance
frequency.

Modeling results

Table 5 shows the estimation results for the SP-model, RP-model and joint SP/RP-model in
order to identify explanatory factors for compliance. The SP-model suggests that travelers

@ Springer



1062 Transportation (2020) 47:1047-1070

i with social route advice:

: eas | SI="Social route': 56%
Vsual route’ (39%) I D : SI="'Usual route": 17%

Stated intention (SI)

0% 20% 40% 60% 80% 100% !
Used social route (RP): ©Ox @ix mE2x m3xormore |

Fig. 1 Stated intention versus actual behavior

have an intrinsic preference for either compliance or non-compliance, which strongly var-
ies among respondents (see the estimate for sigma of v,). Information strategies based
on nudging, social reinforcement and education significantly and positively contribute to
information compliance compared to a ‘recommend’-strategy. Apparently, travelers need
moderate to high information content in order to choose the social route. Moreover, travel-
ers are found to be more likely to comply with the information when information mes-
sages pursue the goal of alleviating congestion compared to the goals of increasing safety
or reducing emissions. This might be explained by the fact that congestion and travel time
are—in the traveler’s perception—directly related and therefore alleviating congestion
could be perceived as a more meaningful and achievable goal by travelers. Furthermore,
the higher the travel time sacrifice, the lower the likelihood of information compliance.
This is in line with intuition and findings reported in literature (e.g. Fehr and Fishbacher
2003). Finally, travellers are most likely to comply with the received advice when they are
cooperatively oriented and when they make their route choices in a deliberate manner (i.e.,
non-habitual). Again, this is in line with expectations; cooperators are willing to contrib-
ute, while habits are hard to break. Note that the decision-making strategy (i.e., maximizer
versus satisficer) was excluded from the final model as it seems to have no significant effect
on information compliance. This might be explained by the fact that the maximizing ten-
dency is a quite general personality trait; a person could be in general a maximizer, but
when it comes to his route choice specifically, he might be a satisficer. Moreover, one could
argue that the combination of maximizing tendency with decision involvement or social
value orientation might result in opposite behavior. That is, a cooperative maximizer is pre-
sumed to maximize collective outcome and is therefore likely to comply, whereas an indi-
vidualistic maximizer is presumed to maximize his own outcome and is therefore not likely
to comply. Similarly, a habitual satisficer is presumed to stick to his habitual route and
therefore not likely to comply, whereas a non-habitual satisficer is presumed to be more
willing to switch routes and therefore is more likely to comply. Finally, older travelers seem
to be more willing to comply compared to younger travelers, while education and gender
do not seem to have any significant effect on information compliance (these were therefore
excluded from the final model).

The RP-model suggests information compliance is explained by individuals’ intrin-
sic inclination to (not) comply, which shows strong variation among participants. Other
aspects do not seem to significantly influence travelers’ compliance; no difference between
the ‘recommend’-strategy and the ‘education’-strategy can be observed and the size of
the travel time sacrifice and personality traits do not show any effect. The obtained model
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fit is not significantly better than that of a model containing only individuals’ intrinsic
inclination (likelihood ratio test: X2(4)= 1.228, p>.100). Note that the ‘age’ attribute is
not included in the model due to insufficient variability in the obtained data. We refrain
from drawing too strong conclusions regarding the difference between responses in the two
experiments; due to the small sample size of the RP-experiment, the RP-parameters have
such large standard errors that differences between parameters (across experiments) cannot
be established statistically.

The joint SP/RP-model shows results similar to the abovementioned findings. Note that
the scale factor is not significantly different from zero; this suggests that the variance of
unobserved utility or random noise within both the SP-dataset and RP-dataset are simi-
lar. f-estimates are lower than the f-estimates of the SP-model, while they are higher than
the f-estimates of the RP-model; this is as expected. Moreover, attributes related to the
societal goal, social value orientation (i.e., cooperator vs non-cooperator) and age become
insignificant.

Analysis of motivations

Using experience-based sampling, we explore reasons for (non-)compliance with provided
route advice. A total of 21 participants, in 153 cases, provided a motivation for (not) fol-
lowing the received advice or, in case of following the advice to use their usual route,
whether or not the advice played a role in the decision. Participants could select an answer
from a pre-determined list—pre-determined answers were tailored to the experienced situ-
ation based on the advice (social route vs usual route) and revealed behavior (follow advice
versus not follow advice)—or select ‘other’ and provide their own answer (note that this
option was not often chosen). Each set of pre-determined answers was designed in such a
way to be as complete as possible and none of the pre-determined answers overlap. More-
over, each pre-determined answer was formulated quite detailed and specific in order to
avoid confusion and misinterpretation. Although multiple answers might be valid in a cer-
tain case, participants could only provide one answer; i.e., their most important motivation.
Results are shown in Fig. 2.

When the usual route was advised, travelers to an equal degree ignored the advice or felt
strengthened in their choice. The main stated reason for not following this advice related
to avoiding heavy traffic on that route. These findings indicate that participants did not
always fully trust the advice provided by the information system. When the social route
was advised, travelers mainly followed this advice because they (stated that they) wanted to
contribute to improved network conditions. However, various motivations are provided for
not following social route advice; none of them is clearly standing out. First, note that only
3 out of 13 travelers mentioned a too large travel time sacrifice, while the same number of
travelers dislikes the social route based on other aspects than travel time. This suggests that
travel time sacrifice is not that important in motivating travelers to take the social route
as one might expect, at least within the bounds in our experiment (sacrifices: 2—7 min).
Moreover, people do not seem to divert to the social route when there is no heavy traffic
on their usual route or if they believe the social route will be congested. This supports the
earlier mentioned trust issue and indicates that people need to perceive that their effort of
switching routes will contribute. This is emphasized by the number of travelers stating that
they do not think their choice would influence traffic conditions. Finally, none of the travel-
ers indicated that they did not want to contribute to improved road network conditions.
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Cases [#] / Individuals [#]
0 5 10 15 20 25 30 35

Answered by 13 individuals in 24 cases - Advice: 'Social route' - Followed
| wanted to use another route than usual °
| wanted to contribute to improved throughput. Y
| already intended to take this route anyway. wmg
Other: | wanted to avoid heavy traffic on my usual route. wg

Answered by 13 individuals in 37 cases - Advice: 'Social route' - Did not follow

I was in a hurry today.

| consider the difference in travel time with my usual route too big.

| am not satisfied with the advised route based on other aspects than travel time.

I've got the feeling that my choice does not influence traffic conditions.
I don't want to contribute to improved throughput
Other: The advised route is too busy. Y
Other: My usual route is not busy at all. meg
Other: | had to make a stop on another route. [
Other: | adjusted my departure time. =@

Answered by 19 individuals in 59 cases - Advice: 'Usual route’ - Followed
The advice didn't play a role in my route choice. )
Without the advice, | would have chosen a different route. meg
| was already planning to take this route and the advice strengthend this. )

Answered by 4 individuals in 7 cases - Advice: 'Usual route' - Did not follow
| had to make a stop on another route. @
| wanted to avoid heavy traffic on my usual route. [ )

cases @individuals

Fig.2 Analysis of motivations—frequency of answers provided for cases and for individuals

Discussion

Studies on the topic of compliance behavior in response to social routing advice are scarce.
This makes it difficult to draw comparisons between our findings and findings from exist-
ing studies. Hence, we include studies on other topics that use similar principles or research
methods.

Observed compliance rates in response to social routing advice are similar to compli-
ance rates found in the laboratory study by Djavadian et al. (2014), while they provided
incentives (i.e., points) in addition to social routing advice as well. This suggests that
incentives might not be that beneficial in stimulating social choice behavior. This is in line
with findings by Heyman and Ariely (2004), who found that people are sometimes will-
ing to spend more effort when receiving no payment compared to when receiving a low
payment.

Results from the revealed choice experiment suggest that in daily-life people comply
less with the advice than would be expected based on stated choice. Hence, our findings
between SP and RP appear to be to some extent inconsistent. Note that such inconsisten-
cies between lab- and field experiments have been reported in other studies as well, espe-
cially when social preferences are involved (see Levitt and List (2007) for an overview).
Nonetheless, compliance rates from stated intentions and revealed choices do bare similar-
ity, and a relation between intention and compliance frequency does appear to exist. Simi-
lar results have been obtained by studies that do not involve social choice behavior, such
as investigating ridership of new transit services (e.g., Chatterjee et al. 1983) and Couture
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and Dooley (as cited in Chatterjee et al. 1983). A reason for this combination of empirical
findings might be that context-related aspects, such as familiarity with routes or trust in the
information system, are present in both SI and RP, while absent in SP. This is underpinned
by findings from the analysis of motivations in the RP experiment; perceived traffic con-
ditions are the main reason for non-compliance. Abovementioned emphasizes the impor-
tance of the application of a field experiment and the usefulness of motivations provided by
experience-based sampling.

Sample size remains a major challenge in revealed choice experiments as these are often
quite labor-intensive. In our case, the tailored information messages had to be send manu-
ally for each participant each day. Our experiment entailed 28 participants, which is com-
parable to other studies based on revealed route choices; the experiment by Djavadian et al.
(2014) has a sample size of 25, the experiment by Tawfik and Rakha (2012) has a sample
size of 20, while the experiment by Shiftan, Bekhor, and Albert (2011) has a sample size
of only 14. A future solution to this challenge might be found in the set-up of a large-scale
living lab integrating research in real-life communities and settings, and the use of a smart-
phone application that automatically creates tailored messages based on some algorithm.

Conclusion

This paper contributes to literature on social routing by empirically studying determinants
of travelers’ compliance with system-optimal travel information and social routing advice.
To that end, four distinct information strategies were developed and tested by conducting
both a stated choice experiment and a revealed choice experiment in combination with
experience-based sampling. We use different societal goals underlying the information and
focus on various latent personality characteristics.

Based on the stated choice experiment, we find that travelers sometimes agree to choose
the social route over their usual route when they are being advised or asked to do so. A
large variation was found in terms of travelers’ intrinsic inclination to comply with social
routing information. Overall, it seems that travelers’ compliance with received information
significantly depends on the framing of the information message, its societal goal and the
size of the travel time sacrifice. More specifically, we find that travelers are most likely to
choose the social alternative when small travel time sacrifices are involved, when informa-
tion messages are aiming at alleviating congestion, and when these messages are framed
according to the ‘Nudge’-strategy, ‘Social Reinforcement’-strategy or ‘Education’-strat-
egy. Moreover, travelers are most likely to comply with the received advice when they are
cooperatively oriented and when they make their choices in a non-habitual manner. Results
from the revealed choice experiment suggest that in daily-life people comply less with the
advice than would be expected based on stated choice. The main motivation for revealed
compliance seems to be an intrinsic motivation to contribute to improved throughput and,
as such, the applied social information strategies seem to have their intended effect. Finally,
analysis of motivations reveals that travel time sacrifice is not that important as expected,
while perceived traffic conditions seem to be key. More specifically, compliance rates were
low when (perceived) traffic conditions on route alternatives give the impression that there
is no need to take a detour (i.e., both alternatives are believed to be busy or both alterna-
tives are believed to be not busy at all).

Whether or not our findings are general, or are partly explained by particularities of our
data collection efforts, is an important topic for further research. For example, the small
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sample size might obscure significant findings, while the differences in age and education
between both samples might influence observed compliance tendency. Finally, traffic itself
did not change according to the choice behavior of the participants. Hence, there was no
reward for complying other than experiencing less congestion on the detour route com-
pared to the shortest route. As travel time sacrifices were small, one might argue whether
compliance could be attributed to the ‘warm glow’-effect (Andreoni 1990) of doing good
when the costs for doing so are rather low.

The findings reported in this paper result from a unique combination of a stated choice
experiment and a revealed choice experiment that included the collection of motivations
using experience-based sampling. Insights from both methods complement each other and
provide a more rich understanding of compliance behavior in response to social routing
advice. Future research could implement the principles of social routing in a large-scale
living lab integrating research in real-life communities and settings in which participants
are not aware of taking part in an experiment. Additionally, the use of real-time advice
accompanied by navigation instructions might result in higher compliance rates, especially
among travelers who are unfamiliar with the surrounding road network. Moreover, dynam-
ics in compliance behavior over a longer time span would provide valuable insights on the
long-term effects. Finally, future research should translate the observed (daily-life) compli-
ance rates to the network level in order to indicate to what extent network efficiency could
be improved. Overall, with this work we can identify the potential of applying travel infor-
mation as a travel demand management measure in order to improve network efficiency.
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