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ABSTRACT
Travel information continues to receive significant attention in the
field of travel behaviour research, as it is expected to help reduce
congestion by directing the network state from a user equilibrium
towards a more efficient system optimum. This literature review
contributes to the existing literature in at least two ways. First, it
considers both the individual perspective and the network
perspective when assessing the potential effects of travel
information, in contrast to earlier studies. Secondly, it highlights
the role of bounded rationality as well as that of non-selfish
behaviour in route choice and in response to information,
complementing earlier reviews that mostly focused on bounded
rationality only. It is concluded that information strategies should
be tailor-made to an individual’s level of rationality as well as level
of selfishness in order to approach system-optimal conditions on
the network level. Moreover, initial ideas and future research
directions are provided for assessing the potential of travel
information in order to improve network efficiency of existing
road networks.
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1. Introduction

Travel information continues to receive significant attention within the field of travel
behaviour research, which is mostly driven by the expectations that the provision of
travel information may help reduce congestion by directing the network state from the
well-known user equilibrium towards a more efficient system optimum. This paper pro-
vides an in-depth literature review on route choice behaviour and the potential and limit-
ations of travel information. It contributes to the literature in general, and to previously
published literature reviews in particular, in at least two ways. First, it considers both
the individual perspective and the network perspective when assessing the potential
effects of travel information. This contrasts with earlier studies which adopted only one
of these perspectives, either by ignoring the effects on the network level (e.g. Chorus,
Molin, & van Wee, 2006a, 2006b; Lyons, Avineri, Farag, & Harman, 2007; Shiftan, Bekhor,
& Albert, 2011; Tanaka, Uno, Shiomi, & Ahn, 2014), or making very simplified assumptions
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on individuals’ choice behaviour (e.g. Ben-Akiva, de Palma, & Isam, 1991; Emmerink,
Axhausen, Nijkamp, & Rietveld, 1995; Yang, 1998). Secondly, it highlights the role of
bounded rationality as well as that of non-selfish behaviour in route choice behaviour
and in response to information. Herewith, this review complements previous reviews
that mostly focused on bounded rationality only (e.g. Szeto, Wang, & Han, 2015). Note
that recent studies, such as that of Ben-Elia and Avineri (2015), called for a stronger
focus on studying social choice behaviours as they may play an important role in establish-
ing cooperative and efficient network use; this paper answers to that call.

From the above-mentioned, it is hypothesized that the conceptual model as presented
in Figure 1 applies, that is, in order to understand the potential of specific travel infor-
mation in terms of directing the transport system towards a system optimum on the
network level, one needs to understand how bounded rationality and non-selfish behav-
iour interact at the individual level. After all, bounded rationality and non-selfish behaviour
may influence an individual’s response to travel information and should therefore be
incorporated in the information strategy that is used to change individual choice behav-
iour in order to improve network efficiency. Thereby, these might be essential in improv-
ing current travel demand management strategies.

This conceptual framework is followed throughout this review. First, general theories on
choice behaviour will be introduced (Section 2) focusing on individual choice behaviour
(Section 2.1) as well as interacting choice behaviour (Section 2.2). These general theories
are subsequently applied within the field of transportation (Section 3), specifically regard-
ing route choice behaviour (Section 3.1) and network equilibria (Section 3.2). This is fol-
lowed by the introduction of travel information (Section 4) and its effects on
individuals’ choice behaviour (Section 4.1) and the network state (Section 4.2). Lastly,
this review concludes on the lessons learnt from literature (Section 5).

2. General theories on choice behaviour

Classical economic theories developed in the eighteenth century and nineteenth century
provided a conceptual framework of human choice behaviour based on hypotheses and
philosophies in order to understand the economic developments of that time. During the

Figure 1. Conceptual framework.
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twentieth century, the perspective on economics shifted from the somewhat theoretical
approach towards a more mathematical approach. Neoclassical theories largely build
upon two behavioural assumptions, that is, individuals are rational in how they choose
and selfish in what they choose (e.g. Kestemont, 2011).

2.1. Perspective on individual choice theory

Neoclassical theory introduced the concept of the ‘Homo Economicus’, which characterizes
humans as being selfish, rational maximizers of personal utility (e.g. Schneider, 2010). It
assumes that individuals are rational decision-makerswhooversee all available choice alterna-
tives andhaveperfect knowledgeabout the implicationsof eachpotential choice.Asa result, it
is expected that an individual is able to identify the optimal alternative, evenwhen conditions
change, and will actually choose this optimal alternative. This concept is widely criticized by
behavioural economists who build upon psychology, social sciences and economics in
order to explain deviations from this rational selfish choice behaviour.Many of these econom-
ists have evenwonNobel Prizes in Economics for their critical work, emphasizing the strength
and legitimacy of their critiques. Now, the main line of criticism will be elaborated.

Simon (1955) was one of the first to criticize the assumption of rationality within the
concept of the ‘Homo Economicus’. He thought that this assumption is not consistent
with reality because individuals are limited by their available knowledge, computational
capacities and the finite amount of time to make a decision (Simon, 1955, 1956). This
notion is referred to as bounded rationality.

In line with these cognitive limitations, Kahneman and Tversky identified several cognitive
errors and biases. First of all, they state that individuals are loss-aversive and therefore tend to
weigh losses associated with a certain alternative heavier than gains of similar magnitude
(Tversky & Kahneman, 1991). Secondly, they found that individuals rely their estimates or per-
ceptions on information or initial values thatmight not evenbe related to the choice problem,
referred to as the anchoring effect (Tversky & Kahneman, 1974). Additionally, they noted that
individuals overweight small probabilities, that is, the probabilities of rare events are per-
ceived to be higher than they actually are (Kahneman & Tversky, 1979).

Well-known examples that violate the rationality assumption in situations under risk are
the Allais paradox and the Ellsberg paradox. The Allais paradox (Allais, 1953) shows that
two similar choice situations in which the probabilities of all choice options are equally
reduced, could result in completely opposite choice behaviour. That is, individuals
prefer options with the highest utility in low-probability cases, while they will choose
the most certain option in high-probability cases, even if this results in a lower utility.
This effect contributes to risk-aversive choice behaviour towards choices containing
sure gains and risk-seeking behaviour towards choices containing sure losses (Kahneman
& Tversky, 1979). The Ellsberg paradox (Ellsberg, 1961) shows that individuals are aversive
to ambiguity and uncertainty and therefore prefer the alternative for which the probabil-
ities of success are known for sure over an alternative with unknown probabilities.

Other studies suggest that feelings and emotions influence our decision-making.
Zajonc (1980) was one of the first to promote emotions in decision-making. He stated
that individuals often make decisions based on what they ‘like’ and justify these choices
by rational considerations. Moreover, when some chosen option ends up being worse
than expected or worse than the rejected options, individuals will feel negative emotions,
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such as regret or disappointment (e.g. Zeelenberg, Van Dijk, Manstead, & Van der Pligt, 2000).
Individuals tend to avoid these negative emotions, and instead strive for positive emotions.
Consequently, prospects of fun and excitement associated with choice alternatives might
result in risk-seeking choice behaviour (Slovic, Finucane, Peters, & MacGregor, 2007).

It is believed that due to these cognitive limitations, errors, biases and emotions, indi-
viduals are often not capable to identify their own interests correctly and choose alterna-
tives that conflict with their rational objectives.

In the early 1950s, Georgescu-Roegen (1954) already criticized the assumption of selfishness
within the concept of the ‘Homo Economicus’, by arguing that an individual’s experienced
utility not only depends on individual factors, but include social factors as well. More rudi-
mentary, Fehr and Fishbacher (2003) and Godbout (2000) state that actions and choices are
mainly driven by the notions of gift and reciprocity. That is, a gift creates a sense of obli-
gation to respond in kind. In other words, if I do something for you, you do something
for me. Thereby, this principle is partly motivated by self-interest, although the welfare of
others is important as well. Ostrom (e.g. Ostrom & Walker, 2003; Poteete, Janssen, &
Ostrom, 2010) observed motivations for reciprocity and collaboration related to a large
range of public goods and commons within different societies. Furthermore, Sen (1977)
believes that individuals make choices based on sympathy or commitment. In this, sympa-
thy refers to “the case in which concern for others directly affects one’s own welfare” (Sen,
1977, p. 326), while commitment refers to the case in which actions are performed out of
some kind of duty. As opposed to sympathy, which is partly motivated by self-interest, an
individual would still make a choice out of commitment even if this does not maximize
his personal utility. Additionally, it is believed that individuals might dislike outcomes
that are perceived unfair (i.e. they are inequity aversive) and sacrifice their own pay-off in
order to obtain more fair outcomes (Fehr & Schmidt, 1999). Lastly, several researchers (e.
g. Liebrand&McClintock, 1988) argue that individuals have a certain social value orientation
(i.e. individualistic, competitive, cooperative or altruistic) that determines the extent to
which an individual acts selfishly or selflessly.

Experimental evidence conflicting the notion of exclusive self-interest within the
concept of the ‘Homo Economicus’ is provided by Henrich et al. (2005), among others.
They found that individuals care about fairness and reciprocity, are willing to sacrifice
their own gains in order to change the outcomes of others and sometimes reward
those who act socially and punish those who do not (e.g. by rejection, exclusion, or
gossip), even if these actions come at a cost.

These critiques imply that certain individuals are not purely selfish, but under certain
circumstances take other people’s welfare into consideration when making their decisions.
Moreover, these are only a small part of extensive literature stating that individuals do not
exclusively behave in selfish ways, but that they care about others to some extent and that
their choice behaviour can be affected by motives, such as fairness, commitment, morality
and social responsibility. These notions should therefore not be ignored when examining
individual’s choice behaviour.

2.2. Perspective on interacting choice theory

Choice theory on the interacting network level is mainly studied by two theories; that is,
Social choice theory and Game theory. Social choice theory studies the collective decision
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processes and procedures by aggregating individuals’ preferences, interests or welfares
into a collective decision or social welfare (List, 2013). In this, the main theme is how a
group of individuals can choose an optimal outcome from their available set of alterna-
tives. Arrow (1963) considered several social welfare functions based on ordinal prefer-
ences and found that there is no rational way to aggregate individual preferences into
a scheme of social priorities or collective preferences (i.e. Arrow’s Impossibility
Theorem). Others (e.g. Sen, 1982) proposed to use additional information, such as interper-
sonally comparable welfare measurements.

Game theory (Von Neumann & Morgenstern, 1944) studies interacting choices in which
each individual considers the possible strategies used by other individuals in order to
determine his own strategy. These games often assume rational decision-makers,
although several researchers have argued to incorporate bounded rationality, for instance,
through constrained maximization, evolution or inductive reasoning (e.g. Matsushima,
1997; Rubinstein, 1998).

Furthermore, these games often contain social dilemmas consisting of conflicts between
self-interests and collective interests that highly challenge the functioning of a group or
society. After all, if each individual acts in his own interest, everyone might end up
being worse off. A discipline that deals with this notion is non-cooperative game
theory, in which individuals act independently (e.g. the prisoner’s dilemma). Nash (1951)
has shown that the optimal solution to non-cooperative games is an equilibrium point
in which “each player’s strategy maximizes his pay-off if the strategies of the others are
held fixed. Thus each player’s strategy is optimal against those of the others” (Nash,
1951, p. 287). On the other hand, if individuals would be able to cooperate by negotiating
and making agreements about their choices, this could lead to better and more efficient
outcomes than when acting independently and in their own interests (i.e. collective
success instead of individual gain) as shown by cooperative games (e.g. the common
goods dilemma and the tragedy of the commons). Solutions to cooperative games are
provided by, among others, the Core and the Shapley Value (Serrano, 2009). The core
(Gillies, 1959) is a collection of possible stable pay-offs that no coalition of players can
improve or hinder, while the Shapley value (Shapley, 1953) provides the pay-off that
each player reasonably can expect, resulting from their contribution to the overall
cooperation.

From this, a system’s efficiency depends clearly on the outcomes resulting from individ-
ual’s choice behaviour. The degradation in a system’s efficiency due to selfish non-coop-
erative behaviour is called the ‘Price of Anarchy’ (Koutsoupias & Papadimitriou, 1999).
Thereby, this is often regarded as a measure of social welfare.

3. Route choice behaviour

In general, route choice behaviour concerns the selection of routes between origins and
destinations in a road network. In selecting their route, individuals usually like to obtain
the highest benefits of their choice. Hence, they behave according the concept of the
‘Homo Economicus’, that is, rationally choosing a route alternative in their own interest.
However, if many individuals like to use the same low-cost roads at the same time, this
may lead to severe congestion at certain locations in the road network and slow down
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overall traffic movement. Thus, individuals who are trying to minimize their own travel
cost, may (unintentionally) produce high travel cost for all road users. This can be charac-
terized as a ‘Tragedy of the Commons’ in which the public road network represents the
common good. One method, among others, that might reduce or even prevent conges-
tion and increase throughput of the whole network is spreading these individuals more
efficiently over the existing road network. In order to do so, individuals need to behave
socially in choosing their routes by accepting possibly higher travel cost in favour of
others. Thereby, route choice behaviour can be seen as a social phenomenon.

3.1. Perspective on individual route choice behaviour

The main perspective on how individuals choose their route is the theory of utility maxi-
mization (Ben-Akiva & Lerman, 1985), which builds upon the concept of ‘Homo Econom-
icus’. The idea is that each route in the network performs differently on certain attributes
that contribute to route choice (e.g. travel time, distance, reliability, etc. [e.g. Chen, Chang,
& Tzeng, 2001]). Some of these attributes are considered more important than others. Each
route alternative in the choice set receives a certain utility based on the sum of the differ-
ent attribute values and their weights. An individual chooses the route that provides him
with the highest utility. This approach assumes that the decision-maker knows the travel
conditions (i.e. riskless). Nonetheless, individuals might make random errors in assessing
these travel conditions. Therefore, random utility theory (Ben-Akiva & Lerman, 1985)
adds a stochastic error term to the utility function providing an individual’s perceived
utility. However, due to day-to-day dynamics and incidents, travel conditions might be
uncertain (i.e. risky). A natural extension to the utility theory, taking this risk into
account is the expected utility theory (Von Neumann & Morgenstern, 1944). This theory
assumes that the different possible outcomes resulting from the uncertain travel con-
ditions follow a certain probability distribution that is known to the decision-maker. The
expected utility of the different alternatives is then calculated by the weighted average
of the utilities associated with these different outcomes.

Over the years, several other perspectives on decision rules are proposed which may
provide a more realistic representation of actual choice behaviour as they build upon criti-
cisms on rational choice behaviour accounting for systematic biases such as loss aversion,
risk aversion and regret aversion. These are, for instance, based on the idea that individuals
evaluate alternatives in terms of gains and losses relative to certain reference points, such
as the prospect theory (Kahneman & Tversky, 1979), or in riskless contexts, the reference-
dependency theory (Tversky & Kahneman, 1991). Others are based on the notion of
emotions in decision-making assuming that choices are determined by the desire to mini-
mize regret rather than to maximize utility, such as regret theory (Loomes & Sugden, 1982),
or in riskless contexts, the random regret minimization theory (Chorus, 2010). Applications
of these principles within a travel choice context can be found in Hess, Rose, and Hensher
(2008), De Borger and Fosgerau (2008), Van de Kaa (2008) and Bekhor, Chorus, and Toledo
(2012). Nonetheless, these decision rules still assume an optimizing strategy.

Johnson and Payne (1985) stated that an individual bases his decision strategy on an
effort/accuracy framework. The individual makes a trade-off of both the perceived effort
and perceived accuracy of the different decision rules. Maximization strategies such as
introduced by the concept of the ‘Homo Economicus’ are only used when an individual
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needs highly accurate choice outcomes, because exploring and testing travel options con-
sumes time, effort and attention, which are scarce resources. In order to simplify their
decision strategy and minimize cognitive efforts, individuals tend to use other decision
rules in which the individual rather seeks for a satisfactory solution instead of seeking
for the optimal solution using thresholds or aspiration levels. Examples are elimination-
by-aspects (Tversky, 1972), lexicographic choice (e.g. Saelensminde, 2006) and the satisfi-
cing principle (Simon, 1955). These decision rules are part of a growing body of literature
on attribute-processing strategies and choice set-processing strategies (Bovy, 2009; Van de
Kaa, 2010) and efforts are made to build in risk and uncertainty as well (e.g. Li & Hensher,
2013). Applications of these principles within a route choice context can be found in Hess,
Stathopoulos, and Daly (2012), Hess, Rose, and Polak (2010) and Takao and Asakura (2005).
Furthermore, if travel choices become highly repetitive, individuals start to make their
route choices in a habitual manner (e.g. Garling & Axhausen, 2003; Van der Mede & Van
Berkum, 1993). That is, automated cognitive processes take control and individuals will
repeatedly use the route alternative that provided them with the most positive experience
in the past, without even thinking about it (e.g. Verplanken, Aarts, & Van Knippenberg,
1997). Since none of the available route alternatives needs to be assessed, habitual
decision-making does not need any cognitive effort at all (Chorus, Molin, & Van Wee,
2006b). Note that the effort/accuracy framework assumes rational optimization of the
trade-off, although it can be argued that cognitive limitations force individuals to use
certain heuristics (Gigerenzer, 2015).

An overview of these rules and strategies can be found in Chorus (2014), Leong and
Hensher (2012) and Van de Kaa (2010). The use of a certain rule or strategy influences
an individual’s route choice. Individuals might use different rules or strategies in the
same choice situation. This might lead to different decisions as well as identical decisions
among individuals. Moreover, even the same individual might make different choices in
the same choice situation from time to time. As a result, some individuals switch back
and forth between routes, while others consistently take one route alternative for their
regularly made trips (Tawfik, Rakha, & Miller, 2010). Within these route choices patterns,
decision rules cannot be distinguished from each other. However, what can be identified
is route switching and inertia, which represents the tendency of users to continue choos-
ing their current path, increasing the utility of that path (Srinivasan & Mahmassani, 2000).
Inertia takes place within certain inertia thresholds (i.e. indifference band). That is, “drivers
will only alter their choice when a change in the transportation system or their trip charac-
teristics, for example travel time, is larger than some individual situation-specific
threshold” (Vreeswijk, Thomas, van Berkum, & van Arem, 2013, p. 2).

In literature, not much attention has been addressed towards an individual’s social choice
behaviour in travel choices. Mainly, it is assumed that individuals choose in their self-inter-
est (e.g. optimizing regret, gain or utility). However, empirical evidence shows that certain
incentives can be quite motivational in order to change travel behaviour and nudge indi-
viduals towards socially desired choices (e.g. Bliemer, Dicke-Ogenia, & Ettema, 2009). Kusu-
mastuti et al. (2011) identified four types of incentives with high potential, especially if they
are bundled; that is, real-time travel information, feedback and self-monitoring, rewards
and social networks.
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Real-time travel information on, for example, incidents, road works or events can be
used by individuals to adjust or update their route choices accordingly and hence
change their travel behaviour. Feedback on and self-monitoring of personal behaviour
help individuals to reflect on their past behaviour and increase awareness of the conse-
quences of their travel. Based on these, individuals might set personal travel targets (e.
g. reduce CO2-emissions) and change their route choices to that purpose. Section 4 will
further elaborate on these incentives and possible strategies to direct choice behaviour.

Within traffic management, there exist a large amount of programmes that are based
on rewards feeding the self-interest of individuals, collectively referred to as ‘Spitsmijden’
(i.e. Peak Hour Avoidance) (Spitsmijden, 2013). In these, individuals earn points every time
they avoid driving during peak hours, which can then be exchanged for gifts or financial
benefits. It was found that within these programmes, 40–70% of the participating individ-
uals did change their travel behaviour (Donovan, 2013, p. 7). Opposed to ‘Spitsmijden’,
road pricing programmes charge the use of roads during certain moments of the day,
for example, peak hours, and are thereby based on punishments and loss aversion. There-
fore, these programmes often lead to resistance. Nonetheless, applications in, for instance,
Singapore, London and Stockholm show that these programmes induce travel behaviour
changes as well (Lindsey & Anas, 2011).

As road networks are generally quite large and a large group of individuals make use of
it, there exist only little social interactions among these individuals. As a result, they might
not identify themselves with certain values and interests of the group that interacts within
the network and are therefore less likely to act pro-socially (Avineri, 2009b). However, it
was found that an individual would be more prone to cooperate, if others in the social
network are expected to cooperate as well (i.e. conditional cooperation) (Murphy & Ack-
ermann, 2013). This is especially the case if the majority of individuals is expected to
cooperate since this behaviour will then be regarded as the social norm. Araghi,
Kroesen, Molin, and Van Wee (2014) underline this, as they found that people’s willingness
to compensate for their flight-related carbon emissions depends on the collective partici-
pation rate. Dugundji and Walker (2005) proposed and tested several methods in order to
capture these social interdependencies within discrete choice modelling, which seem to
be superior to the traditional approach.

Additionally, individuals might make route choices altruistically. However, the higher
the perceived cost of acting socially, the less frequent this behaviour is performed (Fehr
& Fishbacher, 2003). So, if there exist route alternatives that impose only a small increase
in generalized cost to an individual, this individual might be willing to use this alternative.
Moreover, it is believed that directing part of traffic towards route alternatives with higher
generalized cost might not make them dramatically worse off in general. For example,
Baets et al. (2014) found that socially desired routes using primary roads as much as poss-
ible to improve liveability around secondary and tertiary roads are often feasible route
alternatives to currently advised and/or chosen alternatives in the sense that they do
not excessively increase travel time and distance. This is in line with the findings by
Jahn, Möhring, Schulz, and Stier-Moses (2005), who proposed system-optimal routing
based on user constraints that impose restrictions on the extra travel costs of each individ-
ual. They found that this constrained optimum was close to the pure optimum.
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3.2. Perspective on interacting route choice behaviour and network equilibria

Selfish choice behaviour leads to less efficient use of the existing road network than when
individuals cooperate and make social choices. Thereby, an individual’s choice behaviour
affects the whole network and defines the equilibrium that establishes within the network.
Well-known examples that illustrate network inefficiency due to selfish route choice
behaviour are Pigou’s example (Pigou, as pointed out by Roughgarden, 2006) and
Braess’s Paradox (Braess, Nagurney, & Wakolbinger, 2005). Pigou’s example entails a par-
allel two-link road network in which a congested route alternative results in the lowest cost
for each individual, although choosing this route alternative contributes to this conges-
tion. Braess’s Paradox shows that the addition of road capacity that seems intuitively
helpful to the efficiency of the road network might increase the cost experienced by all
travellers. This paradox is observed in real-world in, for example, Boston, London and
New York City (Youn, Jeong, & Gastner, 2008).

A network state that results from purely selfish individual choice behaviour and is in line
with the concept of ‘Homo Economicus’ is the user equilibrium. This equilibrium is based
on Wardrop’s first principle, which states that “the journey times in all routes actually used
are equal and less than those which would be experienced by a single vehicle on any
unused route” (Wardrop, 1952, p. 345) and is consistent with the principles of Nash equili-
brium for non-cooperative games (e.g. Correa & Stier-Moses, 2010). On the other hand,
purely social choice behaviour leads to system-optimal network conditions. That is, the
sum of generalized travel costs within the network is minimized according to Wardrop’s
second principle.

Within the context of a road network, the Price of Anarchy is defined as the ratio
between the selfish user equilibrium and the social system optimum in terms of
average generalized travel cost (Roughgarden, 2006). For typical road networks in
which delay is a linear function of congestion, the price of anarchy is at most 4/3
(≈1.33) (Roughgarden & Tardos, 2002). This means that individuals waste up to 33% of
their travel time by not being cooperative. Youn et al. (2008) provide an overview of
the price of anarchy under different traffic volumes for the cities of Boston, New York
and London.

In order to decrease the price of anarchy, individuals need some external steering in
being cooperative, as they cannot identify socially desired alternatives themselves. To
that end, travel information can be quite helpful. For instance, Stackelberg routing
(Korilis, Lazar, & Orda, 1997) assigns a fraction of travellers by a central authority (i.e.
leader) as they comply with advice that they received, while the remaining individuals
(i.e. followers) choose their route selfishly (Krichene, Reilly, Amin, & Bayen, 2014). In this,
the leader anticipates on the (expected) selfish response in order to improve overall
network performance (Krichene et al., 2014).

Due to day-to-day dynamics, the network equilibrium established in a real-world road
network will not exactly be a user equilibrium, nor a system optimum. In order to
explain the established equilibria within existing road networks, several alternative con-
cepts have been introduced based on network assignment models that incorporate
behavioural aspects. For example, the stochastic user equilibrium (Daganzo & Sheffi,
1977), in which it is assumed that individuals do not have perfect information due to
random perception errors. Therefore, at the stochastic user equilibrium, no individual
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can improve his perceived travel time by unilaterally changing routes. In other words, no
individual believes that his travel time can be improved. Another example is the bound-
edly rational user equilibrium (Mahmassani & Chang, 1987), which assumes that individ-
uals use satisficing rules in making their travel choices. This equilibrium is defined as
the “state of a transportation system in which all users are satisfied with their current
choices and thus do not intend to switch” (Mahmassani & Chang, 1987, p. 91). In other
words, the perceived travel costs of the used routes of all individuals are within their indif-
ference bands. Note that an individual can take any route whose travel costs are within this
indifference band and therefore the equilibrium solution is not unique (Zhang, 2011). As a
result, changes in the transportation network might permanently relocate the network
state, even if they are only temporal (Bie, 2008; Guo & Liu, 2011). After being forced to
switch routes because of a network change, individuals might get used to the new
route, and due to bounded rationality, they will not change back if the benefits from
route switching are insufficient (Guo & Liu, 2011). This is observed in reality, for
example, during the collapse and reopening of the I-35W Bridge over the Mississippi
River in Minneapolis, Minnesota (e.g. Danczyk & Liu, 2010). A third example is the refer-
ence-dependent stochastic user equilibrium that was introduced by Site and Filippi
(2012). They define this equilibrium as a network state in which no individual can
improve his utility based on gains and losses by unilaterally changing routes, using the
current conditions on the network links as reference point which coincides with the
chosen route alternative. That is, no individual uses a route alternative that is not his refer-
ence alternative. Furthermore, Connors and Sumalee (2009) formulated a perceived value
equilibrium based on a cumulative prospect theory. That is, “at equilibrium, all used routes
have equal (maximum) perceived value” (Connors & Sumalee, 2009, p. 617). This perceived
value is a summary of the overall attractiveness of the alternative under risk. Zhang (2011)
introduced a behavioural user equilibrium based on his SILK theory emphasizing on
Search, Information, Learning and Knowledge in the decision-making process. In a behav-
ioural user equilibrium, “all users with imperfect network knowledge stop searching for
alternative routes because for each user the perceived search cost exceeds the expected
gain from an additional search” (Zhang, 2011, p. 4). Lastly, Chorus (2012) demonstrated
several equilibrium states using the regret theory under different levels of risk aversion
and regret aversion. An in-depth review of these assignment models incorporating
aspects of bounded rationality together with their challenges and opportunities is pro-
vided by Sun, Karwan, and Kwon (2015).

These studies show that based on the assumptions about individual choice behaviour,
different equilibria can be determined which to a greater or lesser extent may approach
the actual network state within a certain road network. Note that although there exist
unique network equilibria in terms of traffic flow, these do not contain unique route pat-
terns. That is, several combinations of individual’s route choices comply with the estab-
lished traffic flows within one equilibrium.

4. Travel information

In earlier years, travel information was obtained using newspapers, television or radio.
However, information came with substantial delay and contained only information on
the most congested routes (Dicke-Ogenia, 2012). Due to technological developments
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on data handling and gathering and the presentation of information to individuals, nowa-
days, travel information is available through, for example, navigation systems, smartphone
applications and variable message signs (VMS) along the roads. These information sources
are called Advanced Traveller Information Systems (ATIS), which is a generic term to
describe all systems that acquire, analyse, and present travel information to individuals.
With ATIS, travel information can be provided for the whole network without considerable
delay to each individual at any time and at any location (Dicke-Ogenia, 2012).

4.1. Perspective on travel information affecting individual choice behaviour

In general, travel information makes individuals more aware of situations and changes in
the road network, especially gradual changes which are difficult to detect. Furthermore, it
enables the possibility to save time and provides certainty about the journey (Zhang &
Levinson, 2008). Consequently, it reduces the route choice situation from being a risky
choice towards a riskless choice. The use of travel information not only reduces trip uncer-
tainty, or possible misperceptions, but also improves travel quality, comfort and an individ-
ual’s psychological well-being. For the distribution of travel information, different
information strategies can be used. These information strategies consist of several
aspects: content (e.g. spatial information, information on traffic state or on route charac-
teristics), nature (i.e. descriptive or prescriptive), type (i.e. static or dynamic, qualitative
or quantitative), origin (i.e. historical, real-time or predictive), quality, timing (i.e. pre-trip,
en-route or post-trip), level of personalization (i.e. non-personalized public, semi-personal-
ized public or personalized) and format (i.e. text-based or pictorial) (Chen, Srinivasan, &
Mahmassani, 1999; Dia & Panwai, 2007; Raiyn & Toledo, 2014; Ramos, 2015; Schofer,
Khattak, & Koppelman, 1993). Individuals can have different preferences regarding these
aspects. For instance, the Dutch government identified five types of travellers within
the Dutch population based on their attitude towards mobility (Ministry of Infrastructure
and Environment, 2002); that is, accepters, deliberates, conscious, competitors and
enjoyers. Van den Broeke, Van der Horst, and Schotanus (2004) linked these five types
with different information needs. Overall, it is concluded that prescriptive, predictive,
quantitative real-time delay information is most effective in influencing individuals
route choices, especially if this is provided for both the usual route alternative and best
route alternative (Ben-Elia, Di Pace, Bifulco, & Shiftan, 2013; Dia & Panwai, 2007; Khattak,
Polydoropoulou, & Ben-Akiva, 1996; Schofer et al., 1993). The effect of information
depends on the network conditions and the context in which the information is provided.
A literature review by Chorus et al. (2006a) indicates that if the current or currently
intended route alternative has (expected) bad performance, individuals are more open
to travel information and more prone to switch to advised route alternatives, especially
if they have a fixed scheduled arrival time. After all, they face a potential deviation from
their preferred arrival time and try to control delay damage. This stresses the need for
and use of information on arrival time-sensitive trips, such as commuter trips and business
trips.

The use of information can be framed as a cost–benefit trade-off (Chorus et al., 2006b).
The cost of information can be found in the effort to acquire the information and possible
monetary cost. The benefits of information depend on the decision rule an individual uses.
Maximizers benefit from information, in that it helps them to choose the alternative with
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maximum pay-off (Chorus et al., 2006b). Thereby, they address high value to travel infor-
mation and are prone to search for and comply with travel information. With respect to
risk, De Palma, Lindsey, and Picard (2012) found that individuals with very high or very
low levels of risk aversion do not value information and stay uninformed. After all, they
take respectively the risky route alternative or the safest route alternative every day,
even when this alternative might be less beneficial. Individuals with intermediate risk aver-
sion levels do benefit the most from travel information as it helps them to select their
optimal route each day (De Palma et al., 2012). Ben-Elia, Ishaq, and Shiftan (2013) found
that travel information on route alternatives together with experiential information
results in higher levels of regret aversion among individuals. However, regret-aversive indi-
viduals benefit from travel information as well as it enables them to choose route alterna-
tives that result in less regret.

Individuals who ease their cognitive efforts derive benefits as information helps them to
choose an alternative that is ‘good enough’ (Chorus et al., 2006b). They are less prone to
search for and comply with travel information than maximizers. As long as they are satis-
fied with their current route choice, they are likely to ignore received information. In line
with this, if certain received travel information is too complex, individuals might suffer
from information overload and start to ignore information on certain attributes in order
to lower their cognitive effort (Zhu & Timmermans, 2010).

Habit executioners might find benefit in confirmation of their habitual choice, especially
under changing travel circumstances, although this occurs not very often (Chorus et al.,
2006b). In general, a habit executioner will not actively search for travel information
and is not likely to consider new information (Jager, 2003). Consequently, habitual
decision-makers are hard to be influenced by providing travel information. However, pro-
viding travel information might indirectly break habitual behaviour, for instance, if (part of)
the trip is made within another choice context or if the habitual alternative starts to
perform very badly, due to, for instance, incidents or road works (Chorus et al., 2006a;
Fujii, Gärling, & Kitamura, 2001).

Information strategies might be designed in such a manner that they nudge individuals
towards socially desired route alternatives without restricting their freedom of choice
(Avineri, 2009a; Thaler & Sunstein, 2008). Avineri (2009a) illustrates how small adaptations
to the presentation of a choice situation influences travel choices. For instance, if an indi-
vidual searches for a shortest route alternative, the used route planner can provide as well
information on the most economical or eco-friendly route alternatives by default. This
might increase the awareness on these options and nudges individuals to at least consider
them. Moreover, travel information can be provided using loss framing in which the pres-
entation of choice alternatives highlights the negative impacts or effects that come along
with (some of) them (Avineri, 2009a). As a result, the tendency for individuals to avoid
losses directs them towards a particular choice. Avineri and Waygood (2013) demon-
strated this principle on emission-reducing travel choices. Furthermore, negative
impacts that are associated with certain travel choices, such as emissions and pollutants,
are not always salient. Travel information might make these impacts more visible to indi-
viduals (e.g. by introducing an eco-friendly routing option within route navigation systems
and trip planners), enabling them to make non-selfish eco-friendly route choices (Avineri,
2009a). However, Ericsson, Larsson, and Brundell-Freij (2006) found that in about 80% of
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the trips, the shortest travel time route was the same or almost the same as the eco-
friendly route. Therefore, individuals using the eco-friendly route alternative are not
necessarily acting non-selfishly. Additionally, choice outcomes are very sensitive to the
set value of individuals’ reference points and travel information might be used to influence
these (Avineri, 2006). Lastly, Sunitiyoso, Avineri, and Chatterjee (2009) found that social
information on the choices of others, especially if these are relatively close to them,
could increase an individual’s willingness to contribute and thereby nudge them
towards desired behaviour.

4.2. Perspective on travel information affecting interacting behaviour and
network state

In general, it is believed that travel information reduces traffic congestion and improves
network efficiency. After all, travel information removes perception errors and knowledge
limitations among individuals and thereby improves their decision-making (e.g. Bonsall,
1992). However, at the aggregated network level, this improved decision-making might
imply that travel information directs the network state towards the inefficient user equili-
brium (Ben-Akiva et al., 1991; Emmerink, Verhoef, Nijkamp, & Rietveld, 1996). Ben-Akiva
et al. (1991) illustrate the counterproductive effects of information provision on the
network state by the fact that the inefficient user equilibrium represents a situation
with fully informed travellers as it assumes perfect knowledge. Thereby, they demonstrate
that informing (part of the) individuals is only beneficial in specific situations. Furthermore,
they identified several adverse effects of travel information, such as oversaturation, over-
reaction and concentration. It is believed that modern state-of-the-art personalized infor-
mation can overcome these effects (e.g. Adler & Blue, 1998; Bottom et al., 1999).

Many studies assume that informed or equipped individuals automatically make
rational choices in compliance with the received information. However, individuals do
not always use or comply with the received information. Individuals need to accept the
information, which depends highly on the information characteristics, as it should be cred-
ible, relevant, accurate and reliable (e.g. Bonsall, 1992). However, traffic conditions, trip
characteristics, driver characteristics and prior experience are important as well (e.g. Yin
& Yang, 2003). Moreover, some individuals might accept the provided information and
deliberately do not comply with it, as they assume that other individuals will do so and
thereby leave the road free for them (Bonsall, 1992). Typically, only a small minority of
all trips are made in compliance with advice.

Chatterjee and McDonald (2004) found in their cross-project study that only about 61%
of the individuals noticed the information signs, of which 92% actually read and under-
stood the message. Thirty-three per cent of them complied with the information. This is
only 18% of all individuals within the study. In a survey by Kattan, Nurul Habib, Tazul,
and Shahid (2011), 21.4% of the individuals stated that they usually switch to suggested
route alternatives provided by VMS on accidents or work zones ahead, while 16.4%
stated to switch occasionally to suggested route alternatives. Many other studies
contain findings on compliance rates towards advice. Chen and Jovanis (2003) found a
compliance rate of 89% in their simulator study. Ben-Elia, Di Pace et al. (2013) found
average compliance rates between 62% and 82%, depending on the accuracy level.
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Note that these rates found by simulator experiments are significantly higher than those
obtained by surveys.

Although travel information is provided through several information sources, infor-
mation will not reach all individuals within a road network. Nonetheless, travel choices
of uninformed drivers are affected by travel information as a result of the choice behaviour
of the informed travellers (Levinson, 2003). Of course, the benefits for the informed road
users tend to be higher. However, one can imagine that the marginal benefits are con-
siderably higher for the first 10% of individuals who comply with the information com-
pared with the last 10% (Rietveld, 2010). As a result, the last 10% might be less prone
to comply with the provided information. Enrique Fernandez, Joaquin de Cea, and
German Valverde (2009) show that at a 50% market penetration of ATIS, already 90% of
the benefits have been achieved.

Travel information influences the network state differently based on its influence on
individual choice behaviour. For instance, Avineri (2006) demonstrated how a change in
the perceived value of the reference point in a route choice situation could lead to
improved traffic equilibrium. Increasing levels of regret aversion among individuals can
have significant impacts on network equilibrium as well, shifting it towards the preference
of safer route alternatives as demonstrated by Chorus (2012). Furthermore, it was found
that travel information might induce route switching behaviour among individuals,
which affects the stability of the network state (Mahmassani & Liu, 1999). This might be
explained by regret aversion and loss aversion as well as the desire to minimize general-
ized travel cost.

Several studies incorporated behavioural aspects due to the provision of travel infor-
mation in network assignment models. Examples are Dia and Panwai (2007), Van der
Mede and Van Berkum (1993) and Zhang (2011).

With respect to non-selfish choice behaviour, the effects of travel information on the
network level might differ. Social choices with respect to travel time are likely to direct
the network state towards the travel time-based system optimum. However, Ahn and
Rakha (2008) demonstrated that a user equilibrium as well as a system optimum based
on travel time do not necessarily minimize emissions and fuel consumption. In other
words, social choices based on eco-routing are likely to direct the network state
towards another system optimum, that is, an eco-friendly system optimum. The findings
of Ahn and Rakha (2008) show smaller emission and fuel savings of this eco-friendly
system optimum compared to a travel time system optimum than compared to the
user equilibrium. This indicates that the system optimum based on travel time and emis-
sions might be close to each other. However, their findings are based on simulations on a
single origin-destination pair. According to the author’s best knowledge, empirical find-
ings on the effects of travel information on the network level resulting from non-selfish
behaviour do not yet exist.

5. Discussion and conclusions

This literature review is built upon a large and growing body of literature concerning travel
information, choice behaviour and network equilibria. It emphasizes the importance of the
review of those aspects all together in order to conduct a proper and successful research
on the potential and use of travel information to approach a system optimum.
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Obviously, the notion of bounded rationality in route choice behaviour in general as
well as under travel information is vastly explored within literature both on the individual
level and on the network level, while non-selfish choice behaviour has not received much
attention yet. Nonetheless, an individual’s degree of rationality and degree of selfishness
are recognized as very important in actual choice behaviour. Yet, traditional travel infor-
mation aims at the individual’s benefit and thereby stimulates rational selfish choice
behaviour, regardless of the individual’s degree of selfish orientation. As a result, it
directs the network state towards the network inefficient user equilibrium. Examples on
network efficiency have shown that in order to achieve system-optimal network con-
ditions, (a small) part of the travellers need to act non-selfishly and choose route alterna-
tives possibly at their own expense (i.e. they might need to make a detour), while others
can continue in their own selfish ways. Depending on their level of selfishness, some indi-
viduals might actually choose these social route alternatives or can be motivated to do so.
In this, some external steering by a central authority is required, as they cannot identify
socially desired route alternatives themselves. To this end, travel information that aims
at the system’s benefit and thereby stimulates non-selfish choice behaviour is needed
(e.g. information strategies nudging individuals towards the desired choice alternative).
Although there exist some theories and ideas on how system-beneficial travel information
should be designed and used, empirical findings on the effects of and responses to this
kind of information do not exist at the moment.

It is crucial to provide system-beneficial information to those individuals who are actu-
ally open to this kind of non-selfish behaviour and are willing to comply with it at the
moment they receive it, depending on their used decision rule or strategy and the
choice context. For example, if an individual is social-oriented and possibly interested to
behave eco-friendly, he should receive travel information that stimulates him to make
that social eco-friendly choice. Questions that arise are how to identify who these individ-
uals exactly are and how many of them actually need to be directed to those social route
alternatives in order to establish desired network conditions. Moreover, to what routes
exactly should these non-selfish travellers be directed in order to anticipate on the
choices that selfish travellers will make in response (i.e. what assignment strategy
should be pursued). Providing selfish travellers with individual-beneficial travel infor-
mation might remove perception errors and systematic biases, resulting in more rational
and hence more predictable choice behaviour. This makes it easier for the central authority
to determine the best assignment strategy. On the other hand, to some extent, selfish indi-
viduals might not be aware of the fact that certain received information is not beneficial
for themselves or they are not particularly interested in this. This leaves the possibility to
direct them as well to the socially desired route alternatives, provided that they use travel
information. Either way, the aforementioned stresses the importance of tailor-made per-
sonalized travel information messages targeting on their level of rationality as well as self-
ishness, in order to assign each specific individual to that route alternative that is intended
for him under system-optimal network conditions.

Potential successful system-beneficial information strategies could, for example, build
upon an individual’s:

. Level of altruism (e.g. highlighting the contribution to network efficiency if the social
choice alternative was chosen);
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. Loss aversion (e.g. highlighting the loss by contributing to congestion if the usual route
was chosen);

. Feeling for equity (e.g. by telling them: Today we ask you to take the possible longer
route alternative, tomorrow we will ask someone else);

. Believe or expectations about choices of others (e.g. by telling them: 75% of travellers
followed the advice and choose to contribute to network efficiency);

. Perception errors or disinterest (e.g. just informing on the advised route and withhold
travel time information).

As these strategies are expected to have different effects in different circumstances and
for different individuals, it is essential for the traffic manager to obtain knowledge about
these effects in order to apply the most suitable information strategy to the prevailing cir-
cumstances and present travellers. Therefore, empirical findings on the response to differ-
ent information strategies, especially in varying circumstances and for individuals with
different degrees of rationality and non-selfishness, are necessary to obtain in the future.

Over the years, many researchers have put efforts in incorporating behavioural aspects
in network assignment models, mostly related to bounded rationality, some related to the
use of travel information, and some related to both. However, none of them takes individ-
uals’ degree of non-selfishness into account. This review emphasizes the importance of all
these aspects in the route choice decision-making process together. Especially when infor-
mation strategies specifically aim at the system’s benefit, individuals’ social value orien-
tation becomes crucial in their response to the received information message. So, when
future application of information provision within travel demand management measures
shift from the conventional individual-beneficial strategies towards the system-beneficial
strategies, putting effort in including individuals’ social value orientation in future network
assignment modelling is likely to result in predictions that are both more accurate and
more behaviourally realistic.

Overall, the insights and conclusions in this paper stress the importance of anticipation on
individuals’ non-selfish choice behaviour as well as bounded rationality when applying travel
information strategies as a travel demand management measure at the network level. More-
over, it provides initial ideas and future research directions for the development and appli-
cation of such a measure in order to improve network efficiency of existing road networks.
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