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Pedestrian route choice, the process by which individuals decide on their
walking path between two locations, is a fundamental problem across disci-
plines. Because this behaviour is investigated from different conceptual and
methodological angles, and because it strongly depends on the environ-
mental context, it is challenging to establish a systematic framework for
research. Here, by reviewing previous work, we identify four principles for
pedestrian route choice that are relevant across disciplines. First, ‘information
perception’ deals with how pedestrians can perceive information selectively
and purposely, given the limited available information. Second, ‘information
integration’ considers how pedestrians subjectively integrate environmental
spatial information into mental representations. Third, ‘responding to infor-
mation’ is concerned with how pedestrians tend to be attracted and
repelled by specific attributes individually and how this can lead to positive
or negative feedback loops across many individuals. Fourth ‘decision-
making mechanisms’ describe how pedestrians trade off the evidence pro-
vided by different attributes. How pedestrians perceive, integrate, respond
to, and act upon information is not fixed but varies with the context. We
give examples for each principle and explain how these principles shape ped-
estrian choice behaviours. We hope this contribution provides a systematic
overview of the field and helps to spark inspiration among specialists.
1. Introduction
Imagine that you are exploring a city for the first time. Fortunately, you have a map
that precisely shows the correct information to get you where you would like to go.
However, there are several routes, including direct and short ones, and scenic ones
that are indirect andpass throughnarrowlanes.Which routewill you take?Nowima-
gine that you visit a museum for the first time when the fire alarm starts to sound.
When you are looking for a way out, you probably do not consider how scenic the
way is. Instead, you may be looking for evacuation signs and where others are
going, but it may be dark, or worse, rooms may be filled with smoke. When all
cues suggest the same route, it is not difficult to decide in these situations. If not,
you will have to somehow trade off different route properties that you are aware of.
While these two scenarios are probably not an everyday occurrence, pedestrian
route choice is involved in many aspects of our daily lives, such as commuting, for
example. We go to work on a specific route and go home on the same or another
route. This route choice has already takenplacemany times, itmaynot be aconscious
decision sometimes, and it may be determined by choice inertia. Regardless of the
specific mechanisms for howwe select routes, they shape our spatial behaviour.

The above examples illustrate realistic route choices people may face. Route
choice is the spatial choice pedestrians make between a set of alternatives with
the goal of reaching the desired destination, a process people have to deal with
on a daily basis or in emergencies [1,2]. It is regarded as one of the fundamental
abilities of humans and is processed automatically within the brain and without
the necessity of explicit thoughts in many cases [3]. The cognitive process of
route choice is relevant to motor vehicle operators, cyclists, pedestrians and
other transport users. Three reasonsmotivateus to focus onpedestrians. First, com-
pared to other transport users who typically travel on road or other transport
networks, pedestrians access a wide range of facilities, including commercial,
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residential, educational, and entertainment venues, for different
reasons meaning their movement is more widely relevant to
research areas beyond transportation, including architecture,
safetyengineering and retail, for example [4]. Second, compared
to car drivers who cannot leave the road to take shortcuts, ped-
estrians are much less constrained by traffic rules and legal
regulations and thus have a high degree of movement freedom
and choice flexibility, which poses another big challenge for
modelling. Third, walking is considered to be one of the most
sustainable and green transport modes, especially in cities [5].
Anunderstanding of pedestrian route choice can help the devel-
opment of pedestrian facilities that provide attractive and
efficient walking environments which are an essential require-
ment for sustainable urban transport and have additional
benefits in terms of public health and avoiding social isolation
[6]. Therefore, we focus on pedestrian route choice here.

Pedestrian route choice has long been a research topic and
has drawn much attention in recent decades. As shown in
figure 1a, the number of publications on this topic has been
increasing substantially since the early 2000s and over 7000
studies have contributed to this research object. When
reviewing work on pedestrian route choice, we found two
main reasons that make it complex.

The first reason is that researchers from different disciplines
are working on different topics related to pedestrian route
choice using a variety of approaches. Figure 1b illustrates the
percentage of all publications on this topic in different disci-
plines. For example, transportation scientists may develop
route choice models calibrated on empirical data that involve
interactions between pedestrians and vehicles with the goal
of predicting future traffic conditionswhich in turnwill support
transportation control and planning in cities [7]. By contrast,
neurologists might be interested in physiological structures
responsible for spatial cognition, such as the parietal cortex,
and may conduct controlled experiments using neurological
methods [8]. Furthermore, pedestrian route choice plays a
different role in the framework of each research topic. In ped-
estrian dynamics, pedestrian route choice is a ‘tactical-level’
decision on which route to use, distinguished from higher
level ‘strategical-level’ decisions on selecting destinations and
lower level ‘operational-level’ decisions on avoiding collisions
with others and obstacles [9]. In transportation, route choice
is the fourth step in the conventional transportation forecasting
model, following trip generation, trip distribution and mode
choice [10]. In psychology, the cognitive process of route
choice is studied in its own right, considering what information
is considered and how it is processed [11].

The second reason that adds to the complexity of studying
pedestrian route choice is that it can occur on different temporal
and spatial scales. For example, in evacuations pedestrians are
often determined to reach a safe destination as quickly and as
efficiently as possible, whereas tourists may choose scenic
routes that may be less direct. In terms of spatial scales, evacua-
tions from a smoky room [12], an entire building [2], or even a
whole region that is threatened by a hurricane [13], all present
situations that require individuals to choose routes, but over
different distances. These different spatial and temporal scales
may require different cognitive processes and especially when
completing longer routes, pedestrians may update their
decisions several times as they acquire new information, result-
ing in a sequence of route choices.

Previous reviews have covered specific aspects relevant to
pedestrian route choice. For example, some studies review
pedestrian decision-making but only focus on a specific
scenario such as wayfinding, defined to be the process of
completing short routes [14], the context of evacuations [9],
or transport [15]. Other researchers review models used for
reproducing realistic pedestrian behaviour and cover route
choice as part of this [16,17], or they analyse the external or
internal factors that affect how pedestrians make spatial
decisions [18]. However, all literature reviews to date
consider route choice alongside other behaviours of ped-
estrians, often in specific contexts, and there is no study on
this topic that presents a general perspective that is relevant
and useful across research disciplines.

The discussion above highlights the importance of identify-
ing the key mechanisms in pedestrian route choice and their
relevance across contexts. In this contribution, we propose
that the essential principles of pedestrian route choice are
information perception, information integration, information
response and mechanism of decision-making. We discuss how
these principles are affected byandoperate in different contexts.
Our aim is to establish key principles in pedestrian route choice
and their relevance across disciplines rather than providing an
exhaustive survey of the pedestrian route choice literature.

This review is organized as follows. Section 2 consists of
five parts. The first four each introduce one principle for
the pedestrian route choice process and the last part discus-
ses how pedestrian route choice depends on the context.
Section 3 summarizes all principles and discusses oppor-
tunities for future research. Section 4 presents the main
conclusion of this review.
2. Principles of pedestrian route choice
We argue that the essence of route choice in pedestrians can
be distilled into four processes which we will discuss in the
following: information perception, information integration,
responses to information and decision-making mechanisms.

2.1. Information perception
Pedestrians can perceive information selectively and purpo-
sely, given the limited available information.

Information perception is the essential required first step
for pedestrians to be able to represent the environment they
are in when choosing a route to their destination. Two pri-
mary processes have been distinguished. First, acquiring
sensations in which people gain experiences from the stimu-
lation of a single sense organ, and second, perceptiveness in
which people identify and interpret sensory information [19].
Selective attention has been identified as the dominant fea-
ture of these processes [20].

2.1.1. Selective attention
Previous research has established that people can choose
information used for the representation of environments
[11]. More specially, people centre their attention, purposely
focusing on details and casting irrelevant information to the
side-lines of their perception. For example, buildings offer
too much spatial information for pedestrians to process,
meaning that they are likely to only focus on landmarks or
other memorable features that are useful for their route
choice task. However, whether such information is selected
at an early or late stage during information processing has
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Figure 1. Visual illustration of analysis of research on pedestrian route choice. The line chart illustrates how the number of publications per year on this topic
changes over time. The pie chart shows the frequency of the research based on the discipline. Data source: Scopus (accessed 5 November 2021).
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been discussed extensively within the field of cognitive psy-
chology [21]. The filter model of attention, proposed by
Broadbent, based on dichotic listening tests, is a typical
early selection model of attention [22]. It assumes that a selec-
tive filter is needed for information processing due to the
limited capacity of attention, allowing only specific infor-
mation to pass through for further processing and to filter
unattended information out. By contrast, late selection
models of attention suggest that both attended and unat-
tended information are processed to the same deep level of
analysis until the selection occurs [23]. Regardless of the
specific mechanism, pedestrians perceive information selec-
tively to allocate limited cognitive processing resources [24],
which is often described as a bottleneck (figure 2a).

In terms of selective attention, a key challenge is to deter-
mine which information should be attended to and which
inputs should be ignored. The bottom-up (or stimulus-
driven) attention and top-down attention (or goal-oriented
attention) perspectives are commonly considered categories
[25]. As shown in figure 2b,c, stimulus-driven attention
is externally driven by salient features with inherent and dis-
tinct qualities that contrast with the surrounding
environment. For example, pedestrians are reported to be dis-
tracted by billboards while crossing roads, even though the
billboards are not relevant to their route choice task [26].
By contrast, goal-oriented attention is internally directed
and allows people to allocate their attention voluntarily
based on prior knowledge and current tasks [25]. In the pro-
cess of wayfinding, pedestrians tend to focus on searching for
signs to obtain directional clues, for example. While there are
essential neurological differences between these two types of
attention, they both result in the attended objects receiving
preferential processing [25].

2.1.2. Limited available information in pedestrian route choice
Various types of information can be available to pedestrians.
Information sources can be categorized into static, which do
not change with time, and dynamic, which change over
time [27]. Vision is the primary sense for most pedestrians
to perceive information from the environment. Human
brains use binocular disparity to extract depth information
from the two-dimensional retinal images via stereopsis,
allowing pedestrians to estimate the distance and size of an
object [28]. In this way, pedestrian can detect spatial infor-
mation, such as landmarks and signs, which help their
navigation and orientation. Smell is another sense pedestrians
rely on to perceive information. Pedestrians can extract spatial
information by comparing the input across nostrils to assess
the comfort of the street environment based on pleasant or
unpleasant smells or to recognize the occurrence and origin
of emergencies from olfactory cues, such as the smell of
smoke in fires or the acrid smell of chemical gas leaks [29].
Similarly, for hearing, interaural cues facilitate the localization
of auditory signals [30]. Environmental noise is an essential
factor for the perceived quality and comfort of places, and
alarms and other auditory messages can alert and guide ped-
estrians in evacuations [31]. Differences between individuals,
illness, injury or disability influence how pedestrians use
their senses and thus what spatial information is available to
them.

While pedestrians can perceive information selectively
and purposely, the available spatial information is still lim-
ited, which can present a challenge in route choices. For
example, the spread of smoke in fires or power supply fail-
ures can mean there is little or even no visibility [32]. In
such circumstances, pedestrians may struggle to detect emer-
gency signs, walls, floors, doors and stairways. Instead of
visual perception, pedestrians have to depend on haptic per-
ception to avoid surrounding obstacles and to find a route to
safety [12].

2.2. Information integration
Pedestrians subjectively integrate environmental spatial
information into mental representations.

After perceiving information, pedestrians need to inte-
grate this information into mental representations of the
environment surrounding them. There are many ways to
represent spatial arrangements of environmental features,
such as walls, rooms and signs (figure 3). Some of these
representations are adopted by researchers for convenience
or computational benefits, whereas others try to describe or
capture the cognitive processes of pedestrians. For example,
in transportation, space is often represented as a network
where each node represents an intersection point, and each
edge that links nodes represents the streets in cities, paths
in the countryside or corridors in buildings that pedestrians
can travel on [33] (figure 3e). Models predicting pedestrian
route choice from an origin to a destination based on net-
works are generally developed in an algorithmic manner,
such as Dijkstra’s algorithm for finding the shortest route to
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a destination and the A-star algorithm, which determines a
path to a given goal with the smallest cost [34].

Space syntax is another method for representing space,
which focusses on the connectivity and integration between
spatial components [35]. Three types of maps can be derived
for different purposes. An Isovist map depicts the volume of
space visible from any given position within the configured
space (figure 3b), which provides amathematical basis for ana-
lysing visual information and can be used to investigate the
visual stimulus of the arrangement of interior elements for
improving architecture design [36]. A convex map is the mini-
mal set of convex spaces that covers a layout (figure 3c). It has
been related to the social use of spaces [35]. An axial map is
constructed by the least number of axial lines that cover all
convex spaces of a layout (figure 3d ), which can describe the
structure ofmovement in a spatial setting,making it a valuable
tool for studying the dynamics of social life such as the selec-
tive distribution of a population and the range of choices
determining their mobility in spaces [35].

Networks and maps generated using space syntax
capture objective representations of spatial environments.
By contrast, the mental representation pedestrians develop
of external environments is based on cognitive processes
that might affect route choice. Researchers have worked
toward formalizing this process by suggesting cognitive
maps that capture spatial relations among features and
objects, as a method of describing mental spatial represen-
tation [37]. Five typical elements of cognitive maps have
been suggested: paths, nodes, districts, edges and landmarks
[38]. Paths refer to the corridors, edges are limiting or enclos-
ing features, districts are larger spaces that may be
categorized according to common characters, nodes are the
intersections of major paths or places, and landmarks are dis-
tinctive features that people use as reference points for their
location. The concept of cognitive maps was termed by
Tolman based on evidence about rats possessing clues
about specific objects and their spatial relation that they
obtained from the experience of previously visiting other
environments [39]. Research evidence from rats also suggests
that the hippocampal formation is involved in the establish-
ment of cognitive maps and that specific cells, such as place
cells and grid cells [40], play a role in spatial information inte-
gration. Similar cells that provide environmental information
have also been discovered in the human brain [41].

In the process of constructing cognitive maps, two differ-
ent spatial reference frames are used to structure the
environmental information. One is called the egocentric
(self-to-object) frame, which refers to topographical relation-
ships between a person and the environment he/she is in;
the other is called the allocentric (object-to-object) frame
and it records spatial information about the location of
objects relative to each other in the environment [42].
Figure 3g,h shows examples for these two kinds of reference
frames. The egocentric frame is self-centred meaning the per-
spective depends on the current location of an individual,
while the allocentric frame is founded on world-based coor-
dinates and encodes spatial information from a stationary
perspective. Both reference frames are necessary for ped-
estrian navigation and pedestrians can switch between
them or combine them if needed [43]. Previous research has
demonstrated that there is no difference between the behav-
ioural performance of participants who are provided with
either allocentric or egocentric visualizations [44], but it has
been suggested that the reference-frame preference of indi-
viduals is influenced by their age [45] and gender [46].
Thus, individual characteristics are likely to influence the cog-
nitive maps constructed for environments, but it is not clear
to what extent this also influences route choice.

Since pedestrians perceive spatial information selectively
and purposely, they integrate different information and con-
struct subjective cognitive maps for episodic activities that
may depend on their beliefs, experiences or attitudes, even if
they have access to the same information from the same
environment [47]. Therefore, cognitive maps can be inaccurate,
simplified, or even distorted when compared to objective
representations of physical environments (figure 2e,f ) [48].

2.3. Response to information
Pedestrians tend to be attracted and repelled by specific attri-
butes individually and this can lead to positive or negative
feedback loops across many individuals.

Pedestrians respond to their environment based on the
mental representation of it they have developed and because
of their inherent response preferences to attributes of the
environment. Previous research suggests attributes that
characterize an environment, such as sidewalk condition,
steep slopes, intersection density, distance and the number of
directional changes, are relevant to pedestrian route choice
[49,50]. Pedestrians tend to be attracted or repelled by specific
attributes and these individual-level responses can result in
positive or negative feedback loops across many individuals.

2.3.1. Desirable and undesirable attributes
In general, attributes of the environment relevant to route
choice can be categorized as being desirable or undesirable,
reflecting the tendency or preference of choosing or avoiding
a route that has a given attribute. These categories have alter-
natively been described as attractive and repulsive forces [51].

The exact response of pedestrians to specific attributes
may depend on individual characteristics or previous
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experience and, importantly, the context. For example, some
people prefer a less busy route to avoid others, while other
people who are not familiar with a building may tend to
follow the crowd because the movement of others is an
important source of information. Other behaviours may be
more stable across populations. One example of this is the
side preference behaviour where pedestrians prefer to walk
on the right-hand side or the left-hand side, to avoid conflicts
in a bi-directional flow situation [52]. It has been shown that
each pedestrian possesses an inherent side tendency,
although this preference varies significantly with regions,
suggesting it is related to cultural conventions [53]. We will
discuss the importance of the context on the behavioural
responses of a pedestrian to environmental attributes below.

2.3.2. Positive and negative feedback
Positive feedback is the amplification of events through
recruitment or reinforcement. It is one of the paradigmatic
features of collective behaviour, dynamics arising from the
interaction between many individual agents [54]. A good
example of pedestrian route choice is shown in figure 4a.
Consider a passageway where two pedestrian flows are
moving in opposite directions. Pedestrians can use either of
two doors. While pedestrians moving in opposite directions
hinder the passage through a door, it is much easier to
follow people moving in the same direction through a door.
Thus, over time, a slight imbalance between the doors can
accumulate with increased flows in one direction gradually
blocking the flow in the opposite direction through a door.
This can result in pedestrians walking in opposite directions
using different doors. The mechanism for this process can be
active in that pedestrian choose to use the door that allows
them to pass more easily, or passive in that having to avoid
others walking in the opposite direction hinder progress
towards one of the doors. In either case, the positive feedback
could mean two doors are much more efficient than one
single door that is twice as wide, in this case [55].

Another example of positive feedback is the spontaneous
formation of paths by pedestrians (figure 4b) [56]. Some
pedestrians occasionally forge a new path as a shortcut and
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if noticed or visible to others this new path may be attractive
to subsequent pedestrians, who further reinforce the path.
This positive feedback reduces the physical and cognitive
costs for pedestrians [58]. While the preceding examples
suggest beneficial outcomes of positive feedback loops, they
can also lead to suboptimal solutions. As shown in
figure 4d, if individual pedestrians tend to follow others
while escaping a smoky room through two exits that are par-
tially concealed by smoke, then the resulting positive
feedback increases the number of the crowd moving in a
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specific direction and causes unbalanced and thus inefficient,
or even overcrowded, exit usage [51].

By contrast, negative feedback is a process when the
results of an action inhibit that action from continuing to
occur. It generally promotes stability and reduces the effects
of perturbations. Consider, for example, a simple network,
as shown in figure 4d, where pedestrians have to choose
either a longer route or a shorter route to reach a destination.
Suppose they are more likely to choose the less busy route to
lower their individual travel cost, making this preferred route
busier than the other route. However, as more people choose
the shorter route, it becomes congested, which incurs a time
delay, making the shorter route less and less attractive com-
pared to the longer route. As a result, the process reaches
an equilibrium where there is no longer an incentive to pre-
ferentially choose either of the routes (figure 4e) [59].
Figure 4f illustrates another example where pedestrians are
distributed unevenly in a room with four exits prior to the
onset of egress from this room. If each pedestrian chooses
an exit based on an objective estimation of the remaining
travel time, then they will initially tend to choose the nearest
exit. Over time, the increasing number of people clustered
around exits will cause congestion and increase the estimated
travel time for exits causing pedestrians to avoid exits, even if
they are nearby. As a result, pedestrians will distribute
approximately evenly across the available exits (figure 4g)
[57]. This process reduces the total and individual egress
travel time and thus leads to an effective evacuation.

2.4. Decision-making mechanism
Pedestrians perform trade-offs based on the evidence
provided by different attributes.

So far, we have discussed how pedestrians perceive infor-
mation, how they integrate it into mental representations, and
how some aspects of environments are desirable and others
are undesirable in route choice. Now, we discuss the mechan-
isms by which pedestrians decide on their route. There is a
consensus that if pedestrians are aware of several route
options, they trade off the evidence provided by different
environmental attributes associated with the alternatives
when making their decision. The precise process for how
this trade-off is arrived at is unknown. There are two broad
theoretical paradigms that are both useful for understanding
and predicting pedestrian route choice. The first can be
described as utility theory. It assumes pedestrians assign a
value to environmental characteristics and then choose the
option with the best value, potentially subject to some uncer-
tainty [60]. The second assumes that pedestrians do not
perform such optimizations but instead rely on a repertoire
of simple decision strategies or rules of thumb that are
known as heuristics [61].

2.4.1. Utility theory
In utility models, the preference of a pedestrian for each
option is assigned a quantitative value, known as a utility.
The utility measures the degree to which the goals of an indi-
vidual are achieved as a result of their decisions. Thus, the
utility assigned to environmental features, such as exit
signs, or properties of routes, such as their length, is crucial.
The choice set contains all available mutually exclusive
alternatives which in the context of pedestrian route choice
is a finite number of options [60].
The general form of the utility function is shown in
equation (2.1).

Un ¼ Vn þ 1n ð2:1Þ
and

Vn ¼ b1Xn1 þ b2Xn2 þ � � � þ bkXnk ð2:2Þ
For an alternative n, the utility Un consists of a deterministic
component Vn and a random component εn. The former is cal-
culated by combining the utilities of separate attributes
associated with alternative n. One example for this is given in
equation (2.2), where Xnk is the vector of observed attribute
values andVn is expressed as a linear combination of the contri-
bution of the k observed attributes, with a vector of utility
parameters βk that captures the relative weight of the corre-
sponding attributes. The random component εn can be
interpreted to describe lack of information or other cognitive
processes in pedestrians, or it can reflect our incomplete knowl-
edge of the decision-making processes in pedestrians, such as
not knowing all factors that influence pedestrian route choice
or differences between individuals. Different assumptions
about the distributions of the random utility component result
in different utility models. For example, in probit models, logit
models andmultinomial logit (MNL)models, the random com-
ponents are assumed to follow a normal, logistic and extreme
value (Type I) distribution, respectively [62].

Current research into pedestrian route choice using utility
theory aims to establish the relative utility of route attributes
via measurements or experimentally, or it develops novel
models based on the concept of utility. For example, [63] con-
ducted an experiment on stated and revealed pedestrian exit
choices and estimated the utility parameters of several attri-
butes using four mixed logit models. Their findings suggest
that the spatial distance to exits, the level of congestion
around exits, and the visibility of the exit contribute signifi-
cantly to the exit choices of pedestrians. In a different
approach, experiments are used to test the sensitivity of
pedestrian route choice to changes in different attributes.
For example, [64,65] distinguish static information (time-
independent), such as exit width or route length, from
dynamic information (time-dependent), such as the level of
congestion along different routes, and test the trade-off
between these two kinds of information regarding pedestrian
exit choice. An example for theoretical developments is the
work by [50] who proposed a new model for pedestrian
behaviour based on utility theory. In this model, pedestrians
are assumed to schedule their activities, the activity areas,
and the paths between the activities simultaneously to
maximize the predicted utility of their efforts and walking.

2.4.2. Heuristics
Despite their randomcomponent, utilitymodels assumepeople
hold knowledge of costs associated with all alternatives and
perform an optimization across them. It has been suggested
that this may not be an appropriate representation of the cogni-
tive processes people perform [66,67] called situations where
people could have near-perfect knowledge ‘small worlds’,
assuming they only occur in constrained circumstances, and
argued that people are more likely to use rules of thumb or
heuristics to make decisions in the ‘large world’ where infor-
mation tends to be unknown and cannot be measured easily.

A heuristic is a decision rule that does not seek to opti-
mize and may ignore part of the information with the goal



Table 1. Examples of heuristics identified in pedestrian route choice.

types heuristics descriptions

one-reason-

heuristics

the least-decision-load

heuristic

pedestrians tend to choose the route with the least number of possible decision points

the least-angle heuristic pedestrians tend to choose the path at an intersection which is most in line with the target direction

the shortest distance

heuristic

pedestrians tend to choose the shortest path

the quickest path heuristic pedestrians tend to choose the quickest path

the least costly path

heuristic

pedestrians tend to choose the least costly path

others the action continuation

heuristic

pedestrians tend to proceed with the current course of action, ignoring other alternatives

the initial segment

heuristic

pedestrians tend to choose the initial path with a later turn so that they do not have to turn for as

long as possible along their route

the central point heuristic pedestrians tend to choose the well-known parts of a building, even if this requires detours

the hill-climbing heuristic pedestrians tend to complete easily obtainable subgoals that can be achieved immediately for reaching

the destination

the fine-to-coarse

planning heuristic

pedestrians tend to divide the environment into different areas, undertaking rough planning when

navigating between areas and fine planning within a given area
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of effort reduction. In other words, heuristics allow people to
make decisions quicker and with less cognitive effort using
simple rules and inferences. It has been suggested that this
reflects how individuals use cognitive shortcuts to reach
intuitively correct decisions [61].

A regular criticism of heuristics is that people save time
and effort with a heuristic at the cost of accuracy. However,
in some cases simple heuristics are more accurate than stan-
dard statistical methods that have the same or more
information. When less information or computation leads to
more accurate judgements than more information or compu-
tation, these results are known as less-is-more effects [68].

Research has identified several heuristics pedestrians may
use to make route choices (table 1 and see [69] for a review).
One type of heuristic can be described as one-reason heuris-
tics that assume pedestrians only use one cue (principle, rule,
criteria or strategy) to compare alternatives for decision
making and focus on the characteristic of the route. Examples
include: (1) the least-decision-load heuristic, (2) the least-
angle heuristic, (3) the shortest distance heuristic, (4) the
quickest path heuristic and (5) the least costly path heuristic.
Other types of heuristics focus on the relationship between
the route and the environment. Examples include (1) the
action continuation heuristic, (2) the initial segment heuristic
and (3) the central point heuristic, (4) the hill-climbing
heuristic and (5) the fine-to-coarse planning heuristic.

2.5. Context dependency

How pedestrians perceive, integrate, respond to, and decide
upon information is not fixed but varies with the context.

While the principles of pedestrian route choice we have
introduced above are generally valid, the detailed mechan-
isms relating to each principle are not fixed but vary with
the context. Differences in context can be across environments,
consider typical behaviours at tourist sites and railway stations
busywith commuters, or over timewithin environments, such
as the onset of a fire alarm in an office building or students
gradually becoming familiarwith the building on their univer-
sity campus after the start of term. In the following, we discuss
the contextual factors that have received the most attention in
previous research: motivational state, familiarity, social
influence and individual characteristics.
2.5.1. Motivational state
Motivation is essential for human decision-making and moti-
vational states are associated with different neurological
mechanisms [70], which may lead to different choices when
pedestrians select their route.

A good example is the route choice of tourists, commuters
and shoppers. These three groups of pedestrians may con-
sider route attributes in very different ways. Tourists for
sightseeing purposes may emphasize the quality of visual
attraction offered by routes that make the route entertaining
or pleasant [71]. Commuters with the goal of reaching work-
places as easily as possible tend to choose the shortest
possible route without inclines [72]. The route preference of
shoppers varies with their motivation: hedonic shoppers
like to stroll around in the shopping area while utilitarian
shoppers prefer more efficient routes [73].

Another typical example is route choice in emergency
evacuations where pedestrians are often under time pressure,
which can give rise to a range of behavioural responses that
are often described as stress. Even though stress can lead to
a beneficial vigilance in information processing, higher
stress levels may limit the capacity of individuals to pro-
cess environmental information effectively and, therefore,
ultimately lead to errors in decision making. For example,
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based on virtual experiments pedestrians may be more likely
to select known routes and are less likely to adapt their
choices, even if this leads to longer evacuation times. Bode
et al. [65], Bode & Codling [74] and Helbing et al. [75] con-
sidered extreme emergencies where pedestrians are
assumed to transit from normal behaviour to behavioural
states where they have a stronger tendency to follow others,
resulting in the unbalanced usage of exits. Haghani & Sarvi
[76] compared the attributes of pedestrian route choice in
normal and emergencies, finding that under normal circum-
stances the distance to the exit is the dominant factor
affecting pedestrian choice, while pedestrians place a much
higher priority on avoiding crowded exits in an emergency.

2.5.2. Familiarity
Familiarity describes the spatial knowledge of pedestrians,
which is acquired through experience. Human spatial
memory can be distinguished into route knowledge and
point and survey knowledge [77]. Route knowledge enables
pedestrians to follow a sequence of connections between
landmarks to reach their desired destinations without the
knowledge of general interrelationships between building
elements. By contrast, point and survey knowledge are
related to a more general knowledge of the relative spatial
positioning of elements in the environment, including aware-
ness of their location relative to the current position of
pedestrians.

Evidence from anecdotal observations and field studies
reveals that pedestrians tend to follow exit routes they are
familiar with and that they do not identify all available
exits in fires [78] and other emergencies [79]. This preference
for familiar routes can persist even when other available exits
are closer [79] or others leave by a different exit [80], because
pedestrians are not prepared to try an unknown route [81].
The preference of pedestrians for familiar places has been
identified as an essential factor affecting pedestrian route
choice [78]. One possible explanation is that people feel
more comfortable in familiar spaces. The uncertainty in unfa-
miliar places may result in spatial anxiety, a type of anxiety
about performing spatial tasks (e.g. navigation, wayfinding),
which is a situation pedestrians try to avoid [82].

By contrast, when pedestrians are not familiar with an
environment, they have to seek clues for their route choice.
Landmarks [83], signs [84] and the movement of others [85]
are specific clues, and their function in guiding pedestrians
have been widely studied.

2.5.3. Social influence
Social influence in pedestrian route choice describes the ways
in which pedestrians change their behaviours to meet the
demands of a social environment. In terms of pedestrian
route choice, social influence can involve the effects of
social groups and strangers on the decisions of individuals.

A social group is a number of pedestrians that are con-
nected via social relationships, such as family ties,
friendship or work relationships [86]. The members of such
groups tend to stay close to each other and will thus try to
walk along the same route [87]. This has implications for
route choice [65]. For example, groups may have to reach a
consensus on which route to choose, or individuals may
follow designated or emergent leaders. Such group decisions
may take longer but could also help to avoid individual
errors in route choice. By contrast, strangers are pedestrians
that are not connected by social ties. Previous research has
established that in normal situations, pedestrians who
know an environment tend to avoid busy routes and thus
other pedestrians. However, pedestrians tend to treat others
as a source of directional information and imitate their
choices to reach a destination when they lack spatial knowl-
edge of the environment [85]. In addition, research in
social psychology suggests that strangers can develop
and share a social identity (sense of unity, psychological
togetherness, groupness) with each other in disasters and
emergencies [88]. Social identity can motivate solidarity
with strangers and enables pedestrians to identify with
each other as part of a psychological crowd and then help
and cooperate with each other [89]. This suggests that the
influence of social groups on individual route choice can
extend to strangers. However, additional research is needed
to support this notion.

2.5.4. Individual characteristics
In addition to contextual factors, individual characteristics
are critical for determining which route pedestrians take.
Previous studies have established that age and gender can
affect the process of pedestrian route choice. Older adults
have reduced wayfinding performance since spatial abilities
(such as mental rotation and visualization) decline with age
[90]. They tend to pick up environmental information with
a higher level of saliency [91] and rely more heavily on ego-
centric reference frames compared to younger adults who use
egocentric and allocentric reference frames equally [45].
Studies suggest that male participants prefer geometry cues
related to the general shape of the environment and allo-
centric reference frames, while female participants use more
landmark cues and prefer egocentric reference frames
[46,92]. Furthermore, pedestrians with disabilities may per-
form different route choice behaviours. Pedestrians with
visual impairment or blindness face both physical difficul-
ties and increased cognitive loads while navigating and
cognitively mapping new surroundings. Although adept at
making up for missed visual information by improving
awareness of environmental cues and navigation equipment,
they may have poorly organized and integrated mental rep-
resentation of their surrounding [93] and may prefer to take
a longer but safer route to their destination than the shortest
route [94]. Mobility-impaired pedestrians may pay more
attention to accessibility instead of the distance of the route
from origin to destination and tend to choose the most
accessible route [95].

The contextual factors listed above illustrate the diversity
of contexts and their contribution to shaping pedestrian
route choice behaviours. Pedestrian route choice involves
the pedestrian and the context itself as well as the
interactions between them. Although the principles we ident-
ified can capture the key mechanisms and cross-domain
relationships in this process, the role of these scenario factors
should be considered when we apply these principles to a
certain situation.
3. Discussion
We identify principles that capture the essence of pedestrian
route choice and are relevant across disciplines, and we
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give examples to demonstrate how these principles shape ped-
estrian choice behaviour. These principles are reiterated below:

(1) Pedestrians can perceive information selectively and
purposely, given limited available information.

(2) Pedestrians integrate environmental spatial information
into mental representations with subjectivity.

(3) Pedestrians tend to be attracted and repelled by specific
attributes individually and this can lead to positive or
negative feedback loops across many individuals.

(4) Pedestrians perform trade-offs based on the evidence
provided by different attributes.

(5) How pedestrians perceive, integrate, respond to and
decide upon information is not fixed but varies with
the context.

Figure 5 illustrates a framework for the route choice decision-
making process and it relates to the principles we identified
here. The route choices of individual pedestrians involve
behavioural and physiological mechanisms related to infor-
mation perception, information integration, responding to
information and making decisions. All stages and mechan-
isms involved in this process can be affected by the context.
The four decision stages shown in figure 5 and the processes
associated with them can occur in sequence or simul-
taneously. For example, when pedestrians make decisions,
they are still constantly perceiving new information and
thus update their spatial mental representations. However,
for a single route choice, pedestrians may process information
according to the steps shown in figure 5 in sequence, and
each stage depends on the previous stage until this route
decision is completed (except for interdependent decision-
making mechanisms and responding to information).
Processes and mechanisms relevant to each stage can be
described using the principles identified here.

These proposed principles are reflected in models that
researchers have developed. For example, the knowledge-
based routing model in [96] constructs a personalized cogni-
tive map for navigation by using individual spatial memory
and provided environmental information. This process can be
associated with the second principle. Suppose we apply con-
cepts of selective information perception from the first
principle to this model. In that case, individuals may only
perceive part of the available information for the creation of
cognitive maps. In this way, our framework provides a
reference point for assessing which aspects of behaviour
can be added to existing or new models. Developing new
models is one of the possible uses of our framework. How-
ever, we suggest its main usefulness is different and discuss
this below.

Much research into pedestrian route choice focusses on
specific settings and does not consider aspects that are not
immediately relevant to the research question investigated.
While this reductionist approach forms an important part
of the knowledge generation process and may be entirely
appropriate to describe behaviour in fixed settings, such as
carefully controlled experiments where participants are
exposed to different stimuli in the same scenario, it is impor-
tant to acknowledge the limitations of this approach. For
example, a utility model can have an excellent performance
in pedestrian route prediction even if selective information
perception or/and feedback, the first principle we discussed,
is not included in the model. However, such a model may not
be useful for scenarios where pedestrians can only perceive
limited information. We do not suggest that the principles
we identify here provide a route to establish a universal
model for pedestrian route choice. Instead, we suggest that
our contribution provides a framework for considering
which aspects of pedestrian route choice are accounted for
in a given model.

From the perspective of managing pedestrian facilities
during events or emergencies, it is desirable to be able to pre-
dict or even control the route choice of pedestrians to
minimize uncertainty and to maximize evacuation efficiency.
Our principles provide a theoretical basis for developing
route choice control or route guidance strategies. For
example, taking the first principle as a starting point would
suggest to selectively highlight information about particular
routes. Alternatively, based on the third principle, routes
could be made more attractive by changing their attributes,
such as lighting or signage, or, based on the fifth principle,
pedestrians could be made familiar with routes in a targeted
way, as already happens on passenger airplanes. While many
of these approaches are already being used or considered, we
suggest that our principles provide a framework to structure
and contrast strategies.

More generally, we suggest the usefulness of our prin-
ciples is that they provide a frame of reference that can be
used to catalogue, contrast and analyse existing and planned
research on pedestrian route choice. The broad behavioural
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mechanisms we identify facilitate abstracting from the details
of behaviours observed and contexts investigated in individ-
ual studies. As such, they provide an ideal basis for
categorizing and comparing existing work and for research-
ers to examine to what extent their planned work is already
covered in the existing literature. For example, a large body
of research focuses on how pedestrians respond to specific
types of information during evacuation, and if researchers
categorize their work into the third principle of our frame-
work, they can find other similar research to avoid
duplication of work and find potential reasons to interpret
differences in results by comparing to other work. Alterna-
tively, as discussed above, in transportation research there
are many studies that investigate the attractiveness of route
characteristics in experiments or from observations, but
much fewer studies investigate the second principle, subjec-
tive mental representations of environments, which possibly
influences human route choice and is worth further investi-
gation. Our principles also provide a structured theoretical
starting point for interpreting or explaining observed beha-
viours. For example, if it is observed that pedestrians
completely avoid an available route, we suggest it is useful
to structure the search for an explanation by considering
our principles in turn. For example, it is possible that,
based on the first principle, participants selectively ignore
the information provided by the researchers, or based on
the fourth principle, they choose their route according to
specific heuristics, disregarding other options. It may be
that future research identifies principles in addition to the
ones we discuss here. This would be a clear indication of
how our understanding of pedestrian route choice extends.

Technological and methodological innovations will con-
tinue to facilitate research into pedestrian route choice. We
suggest that three technologies in particular will shape this
field of research in the coming years: virtual reality, wearable
sensors and machine learning. Separately, and in combination
these tools will allow examining the principles of pedestrian
route choice in unprecedented breadth and detail. In virtual
reality experiments participants interact with a highly con-
trolled immersive virtual environment [97]. The fact that
experimenters can control precisely what information is avail-
able to participants who may be near-stationary (e.g. on a
treadmill) opens up the possibility to investigate detailed
questions on what environmental features pedestrians
attend to, possibly linked to neurological activity, and how
different route attributes are traded off. While this experimen-
tal paradigm is already widely used and accepted in
pedestrian behaviour research, a drawback is that its ecologi-
cal validity should be considered carefully [98]. By contrast,
increasingly available wearable sensors can continuously
record the position, as well as physiological and neurological
activity of pedestrians [99], making it possible to examine
route choice in field studies where behaviour can be observed
outside of experimental settings. Both of these approaches
result in large quantities of data that has to be examined for
relevant patterns. Machine learning can consume and process
unstructured data and automatically determine the features
that distinguish different categories of data from one another
[100]. Thus, in combination with the other tools we expect
machine learning will help researchers discover pedestrian
decision-making patterns and determine more principles
that influence human behaviour.

Pedestrian route choice is a highly interdisciplinary
topic. Researchers from different disciplines are contributing
to it by applying the methodologies and theoretical frame-
works of their discipline. We argue our principles provide
a general theoretical framework that facilitates bridging
across disciplines.

Data accessibility. This article has no additional data.
Authors’ contributions. Y.T.: Conceptualization, methodology, writing—
original draft, writing—review and editing; N.W.F.B.: Conceptualiz-
ation, methodology, supervision, writing—original draft, writing—
review and editing.

All authors gave final approval for publication and agreed to be
held accountable for the work performed therein.

Competing interests. We declare we have no competing interests.

Funding. Y.T. was supported by the China Scholarship Council (grant
no. 201906370050).

Acknowledgement. The authors are grateful for the feedback from anon-
ymous reviewers.
References
1. Iftikhar H, Shah P, Luximon Y. 2020 Human
wayfinding behaviour and metrics in complex
environments: a systematic literature review. Archit.
Sci. Rev. 64, 452–463. (doi:10.1080/00038628.2020.
1777386)

2. Ding N, Chen T, Zhu Y, Lu Y. 2021 State-of-the-art
high-rise building emergency evacuation behavior.
Phys. A: Stat. Mech. Appl. 561, 125168. (doi:10.
1016/j.physa.2020.125168)

3. Montello DR, Sas C. 2006 Human factors of
wayfinding in navigation. In International
encyclopedia of ergonomics and human factors. Boca
Raton, FL: CRC Press.

4. Hewawasam C, Bandara S, Wirasinghe S. 2013 Analysis
of factors affecting pedestrian route choice. J. Chem. Inf.
Model. 53, 1689–1699. (doi:10.1021/ci400128m)

5. Schmeidler K. 2010 Walking as a sustainable
transport mode in cities. In 5th Int. Scientific Conf.
on Theoretical and Practical Issues in Transport,
Pardubice, Czech Republic, 11–12 February.

6. Cattan M, White M, Bond J, Learmouth A. 2005
Preventing social isolation and loneliness among
older people: a systematic review of health
promotion interventions. Ageing Soc. 25, 41–67.
(doi:10.1017/S0144686X04002594)

7. Prashker JN, Bekhor S. 2004 Route choice models
used in the stochastic user equilibrium problem:
a review. Transp. Rev. 24, 437–463. (doi:10.1080/
0144164042000181707)

8. Gottlieb J. 2007 From thought to action: the
parietal cortex as a bridge between perception,
action, and cognition. Neuron 53, 9–16. (doi:10.
1016/j.neuron.2006.12.009)

9. Schadschneider A, Klingsch W, Kluepfel H, Kretz T,
Rogsch C, Seyfried A. 2012 Evacuation dynamics:
empirical results, modeling and applications.
Saf. Sci. 50, 1253–1260. (doi:10.1016/j.ssci.2011.
12.024)

10. McNally MG. 2007 The four-step model. In
Handbook of Transport Modeling. Bingley, UK:
Emerald Publishing.

11. Stea D. 2017 Image and environment: cognitive
mapping and spatial behavior. Piscataway, NJ:
Transaction Publishers.

12. Guo R-Y, Huang H-J, Wong SC. 2012 Route choice in
pedestrian evacuation under conditions of good and
zero visibility: experimental and simulation results.
Transp. Res. B: Methodol. 46, 669–686. (doi:10.
1016/j.trb.2012.01.002)

13. Lindell MK, Lu J-C, Prater CS. 2005 Household
decision making and evacuation in response
to hurricane lili. Nat. Hazards Rev. 6,
171–179. (doi:10.1061/(ASCE)1527-6988(2005)
6:4(171))

http://dx.doi.org/10.1080/00038628.2020.1777386
http://dx.doi.org/10.1080/00038628.2020.1777386
http://dx.doi.org/10.1016/j.physa.2020.125168
http://dx.doi.org/10.1016/j.physa.2020.125168
http://dx.doi.org/10.1021/ci400128m
http://dx.doi.org/10.1017/S0144686X04002594
http://dx.doi.org/10.1080/0144164042000181707
http://dx.doi.org/10.1080/0144164042000181707
http://dx.doi.org/10.1016/j.neuron.2006.12.009
http://dx.doi.org/10.1016/j.neuron.2006.12.009
http://dx.doi.org/10.1016/j.ssci.2011.12.024
http://dx.doi.org/10.1016/j.ssci.2011.12.024
http://dx.doi.org/10.1016/j.trb.2012.01.002
http://dx.doi.org/10.1016/j.trb.2012.01.002
http://dx.doi.org/10.1061/(ASCE)1527-6988(2005)6:4(171
http://dx.doi.org/10.1061/(ASCE)1527-6988(2005)6:4(171


royalsocietypublishing.org/journal/rsif
J.R.Soc.Interface

19:20220061

12
14. Andresen E. 2018 Wayfinding and perception
abilities for pedestrian simulations. PhD thesis,
Universität Wuppertal, Verlag Jülich, Germany.

15. Prato CG. 2009 Route choice modeling: past,
present and future research directions.
J. Choice Model. 2, 65–100. (doi:10.1016/
S1755-5345(13)70005-8)

16. Kouskoulis G, Spyropoulou I, Antoniou C. 2018
Pedestrian simulation: theoretical models vs. data
driven techniques. Int. J. Transp. Sci. Technol. 7,
241–253. (doi:10.1016/j.ijtst.2018.09.001)

17. Duives DC, Daamen W, Hoogendoorn SP. 2013
State-of-the-art crowd motion simulation models.
Transp. Res. C Emerg. Technol. 37, 193–209. (doi:10.
1016/j.trc.2013.02.005)

18. Ben-Elia E, Avineri E. 2015 Response to travel
information: a behavioural review. Transp. Rev. 35,
352–377. (doi:10.1080/01441647.2015.1015471)

19. Klasik A, Janas-Kozik M, Krupka-Matuszczyk I,
Augustyniak E. 2006 Cognitive functions, their
development and modern diagnostic methods.
Przegl. Lek. 63, 29–34.

20. Johnston WA, Dark VJ. 1986 Selective attention.
Annu. Rev. Psychol. 37, 43–75. (doi:10.1146/
annurev.ps.37.020186.000355)

21. Pohl C, Kiesel A, Kunde W, Hoffmann J. 2010 Early
and late selection in unconscious information
processing. J. Exp. Psychol. Hum. Percept. Perform.
36, 268. (doi:10.1037/a0015793)

22. Broadbent DE. 2013 Perception and communication.
Amsterdam, The Netherlands: Elsevier.

23. Gray JA, Wedderburn AAI. 1960 Grouping strategies
with simultaneous stimuli. Q. J. Exp. Psychol. 12,
180–184. (doi:10.1080/17470216008416722)

24. Anderson JR. 2005 Cognitive psychology and Its
implications. San Francisco, CA: Worth Publishers.

25. Katsuki F, Constantinidis C. 2014 Bottom-up and
top-down attention: different processes and
overlapping neural systems. Neuroscientist 20,
509–521. (doi:10.1177/1073858413514136)

26. Tapiro H, Oron-Gilad T, Parmet Y. 2020 Pedestrian
distraction: the effects of road environment
complexity and age on pedestrian’s visual attention
and crossing behavior. J. Safety Res. 72, 101–109.
(doi:10.1016/j.jsr.2019.12.003)

27. Yang L, Liu S, Li J, Zhu K, Fang T. 2009 Information-
based evacuation experiment and its cellular
automaton simulation. Int. J. Mod. Phys. C. 20,
1583–1596. (doi:10.1142/S0129183109014618)

28. Krishna A. 2008 Spatial perception research: an
integrative review of length, area, volume, and
number perception. In Visual marketing: from
attention to action, pp. 167–192. New York, NY:
Taylor & Francis Group/Lawrence Erlbaum
Associates.

29. Porter J, Anand T, Johnson B, Khan RM, Sobel N.
2005 Brain mechanisms for extracting spatial
information from smell. Neuron 47, 581–592.
(doi:10.1016/j.neuron.2005.06.028)

30. Wightman FL, Kistler DJ. 1990 Hearing in three
dimensions: sound localization. In 8th AES Int. Conf.
on The Sound of Audio , 3-6 May, Washington DC.
Audio Engineering Society. See http://www.aes.org/
e-lib/browse.cfm?elib=5436.

31. Knez I, Willander J, Butler A, Sang ÅO, Sarlöv-Herlin
I, Åkerskog A. 2021 I can still see, hear and smell
the fire: cognitive, emotional and personal
consequences of a natural disaster, and the impact
of evacuation. J. Environ. Psychol. 74, 101554.
(doi:10.1016/j.jenvp.2021.101554)

32. Isobe M, Helbing D, Nagatani T. 2004 Experiment,
theory, and simulation of the evacuation of a room
without visibility. Phys. Rev. E Stat. Nonlin. Soft
Matter Phys. 69, 066132. (doi:10.1103/PhysRevE.69.
066132)

33. Barthélemy M. 2011 Spatial networks. Phys. Rep.
499, 1–101. (doi:10.1016/j.physrep.2010.11.002)

34. Bhowmick D, Winter S, Stevenson M. 2019
Comparing the costs of pedestrian wayfinding
heuristics across different urban network
morphologies. In 15th Int. Conf. on
GeoComputation, GeoComputation 2019, 18–21
September, Queenstown, New Zealand.

35. Bafna S. 2003 Space syntax: a brief introduction to
its logic and analytical techniques. Environ. Behav.
35, 17–29. (doi:10.1177/0013916502238863)

36. Sengke M, Atmodiwirjo P. 2017 Using isovist
application to explore visibility area of hospital
inpatient ward. In IOP Conference Series: Materials
Science and Engineering, pp. 012008. Bristol, UK:
IOP Publishing.

37. Golledge RG, Jacobson RD, Kitchin R, Blades M.
2000 Cognitive maps, spatial abilities, and human
wayfinding. Geogr. Rev. Jpn. Ser. B. 73, 93–104.
(doi:10.4157/grj1984b.73.93)

38. Lynch K. 1960 The image of the city. Cambridge,
MA: MIT Press.

39. Tolman EC. 1948 Cognitive maps in rats and men.
Psychol. Rev. 55, 189–208. (doi:10.1037/h0061626)

40. Moser EI, Kropff E, Moser M-B. 2008 Place cells, grid
cells, and the brain’s spatial representation system.
Annu. Rev. Neurosci. 31, 69–89. (doi:10.1146/
annurev.neuro.31.061307.090723)

41. Ekstrom AD, Kahana MJ, Caplan JB, Fields TA, Isham
EA, Newman EL, Fried I. 2003 Cellular networks
underlying human spatial navigation. Nature 425,
184–188. (doi:10.1038/nature01964)

42. Colombo D, Serino S, Tuena C, Pedroli E, Dakanalis
A, Cipresso P, Riva G. 2017 Egocentric and
allocentric spatial reference frames in aging: a
systematic review. Neurosci. Biobehav. Rev. 80,
605–621. (doi:10.1016/j.neubiorev.2017.07.012)

43. Marchette SA, Bakker A, Shelton AL. 2011 Cognitive
mappers to creatures of habit: differential
engagement of place and response learning
mechanisms predicts human navigational behavior.
J. Neurosci. 31, 15 264–15 268. (doi:10.1523/
JNEUROSCI.3634-11.2011)

44. Münzer S, Stahl C. 2011 Learning routes from
visualizations for indoor wayfinding: presentation
modes and individual differences. Spat. Cogn. Comput.
11, 281–312. (doi:10.1080/13875868.2011.571326)

45. Rodgers MK, Sindone JA, Moffat SD. 2012 Effects of
age on navigation strategy. Neurobiol. Aging. 33,
202.e15–202.e22. (doi:10.1016/j.neurobiolaging.
2010.07.021)

46. Chen C-H, Chang W-C, Chang W-T. 2009 Gender
differences in relation to wayfinding strategies,
navigational support design, and wayfinding task
difficulty. J. Environ. Psychol. 29, 220–226. (doi:10.
1016/j.jenvp.2008.07.003)

47. MacEachren AM. 1992 Application of environmental
learning theory to spatial knowledge acquisition
from maps. Ann. Assoc. Am. Geogr. 82, 245–274.
(doi:10.1111/j.1467-8306.1992.tb01907.x)

48. McKenna J, Quinn RJ, Donnelly DJ, Cooper JAG.
2008 Accurate mental maps as an aspect of local
ecological knowledge (LEK) a case study from
Lough Neagh, Northern Ireland. Ecol. Soc. 13, 13.
(doi:10.5751/ES-02393-130113)

49. Guo Z, Loo BP. 2013 Pedestrian environment and
route choice: evidence from New York City and
Hong Kong. J. Transp. Geogr. 28, 124–136. (doi:10.
1016/j.jtrangeo.2012.11.013)

50. Hoogendoorn SP, Bovy PHL. 2004 Pedestrian route-
choice and activity scheduling theory and models.
Transp. Res. B: Methodol. 38, 169–190. (doi:10.
1016/S0191-2615(03)00007-9)

51. Helbing D, Farkas I, Vicsek T. 2000 Simulating
dynamical features of escape panic. Nature 407,
487–490. (doi:10.1038/35035023)

52. Xiao Y, Gao Z, Jiang R, Huang Q, Yang H. 2021
Exploration of pedestrian side preference behavior
with circle antipode experiments: analysis,
simulation and implication. Transp. B Transp. Dyn.
9, 266–282. (doi:10.1080/21680566.2020.1848660)

53. Moussaid M, Garnier S, Theraulaz G, Helbing D.
2009 Collective information processing and pattern
formation in swarms, flocks, and crowds. Top Cogn.
Sci. 1, 469–497. (doi:10.1111/j.1756-8765.2009.
01028.x)

54. Sumpter DJT. 2006 The principles of collective
animal behaviour. Phil. Trans. R Soc. B 361, 5–22.
(doi:10.1098/rstb.2005.1733)

55. Helbing D, Molnár P, Farkas IJ, Bolay K. 2001 Self-
organizing pedestrian movement. Environ. Plan B
Plan Des. 28, 361–383. (doi:10.1068/b2697)

56. Helbing D, Keltsch J, Molnár P. 1997 Modelling the
evolution of human trail systems. Nature 388,
47–50. (doi:10.1038/40353)

57. Kretz T, Große A. 2012 From unbalanced initial
occupant distribution to balanced exit usage in a
simulation model of pedestrian dynamics. arXiv
1210.4759. (doi:10.48550/arXiv.1210.4759)

58. Goldstone RL, Roberts ME. 2006 Self-organized trail
systems in groups of humans. Complexity 11,
43–50. (doi:10.1002/cplx.20135)

59. Wardrop JG, Whitehead JI. 1952 Correspondence.
some theoretical aspects of road traffic research.
Proc. Inst. Civ. Eng. 1, 767–768. (doi:10.1680/ipeds.
1952.11362)

60. Fishburn PC. 1968 Utility theory. Manag. Sci. 14,
335–378. (doi:10.1287/mnsc.14.5.335)

61. Gigerenzer G, Gaissmaier W. 2011 Heuristic decision
making. Annu. Rev. Psychol. 62, 451–482. (doi:10.
1146/annurev-psych-120709-145346)

http://dx.doi.org/10.1016/S1755-5345(13)70005-8
http://dx.doi.org/10.1016/S1755-5345(13)70005-8
http://dx.doi.org/10.1016/j.ijtst.2018.09.001
http://dx.doi.org/10.1016/j.trc.2013.02.005
http://dx.doi.org/10.1016/j.trc.2013.02.005
http://dx.doi.org/10.1080/01441647.2015.1015471
http://dx.doi.org/10.1146/annurev.ps.37.020186.000355
http://dx.doi.org/10.1146/annurev.ps.37.020186.000355
http://dx.doi.org/10.1037/a0015793
http://dx.doi.org/10.1080/17470216008416722
http://dx.doi.org/10.1177/1073858413514136
http://dx.doi.org/10.1016/j.jsr.2019.12.003
http://dx.doi.org/10.1142/S0129183109014618
http://dx.doi.org/10.1016/j.neuron.2005.06.028
http://www.aes.org/e-lib/browse.cfm?elib=5436
http://www.aes.org/e-lib/browse.cfm?elib=5436
https://doi.org/10.1016/j.jenvp.2021.101554
http://dx.doi.org/10.1103/PhysRevE.69.066132
http://dx.doi.org/10.1103/PhysRevE.69.066132
http://dx.doi.org/10.1016/j.physrep.2010.11.002
http://dx.doi.org/10.1177/0013916502238863
http://dx.doi.org/10.4157/grj1984b.73.93
http://dx.doi.org/10.1037/h0061626
http://dx.doi.org/10.1146/annurev.neuro.31.061307.090723
http://dx.doi.org/10.1146/annurev.neuro.31.061307.090723
http://dx.doi.org/10.1038/nature01964
https://doi.org/10.1016/j.neubiorev.2017.07.012
http://dx.doi.org/10.1523/JNEUROSCI.3634-11.2011
http://dx.doi.org/10.1523/JNEUROSCI.3634-11.2011
http://dx.doi.org/10.1080/13875868.2011.571326
http://dx.doi.org/10.1016/j.neurobiolaging.2010.07.021
http://dx.doi.org/10.1016/j.neurobiolaging.2010.07.021
http://dx.doi.org/10.1016/j.jenvp.2008.07.003
http://dx.doi.org/10.1016/j.jenvp.2008.07.003
http://dx.doi.org/10.1111/j.1467-8306.1992.tb01907.x
http://dx.doi.org/10.5751/ES-02393-130113
http://dx.doi.org/10.1016/j.jtrangeo.2012.11.013
http://dx.doi.org/10.1016/j.jtrangeo.2012.11.013
http://dx.doi.org/10.1016/S0191-2615(03)00007-9
http://dx.doi.org/10.1016/S0191-2615(03)00007-9
http://dx.doi.org/10.1038/35035023
http://dx.doi.org/10.1080/21680566.2020.1848660
http://dx.doi.org/10.1111/j.1756-8765.2009.01028.x
http://dx.doi.org/10.1111/j.1756-8765.2009.01028.x
http://dx.doi.org/10.1098/rstb.2005.1733
http://dx.doi.org/10.1068/b2697
http://dx.doi.org/10.1038/40353
http://dx.doi.org/10.48550/arXiv.1210.4759
http://dx.doi.org/10.1002/cplx.20135
http://dx.doi.org/10.1680/ipeds.1952.11362
http://dx.doi.org/10.1680/ipeds.1952.11362
http://dx.doi.org/10.1287/mnsc.14.5.335
http://dx.doi.org/10.1146/annurev-psych-120709-145346
http://dx.doi.org/10.1146/annurev-psych-120709-145346


royalsocietypublishing.org/journal/rsif
J.R.Soc.Interface

19:20220061

13
62. Timmermans HJP. 2001 Spatial Choice Models. In
International encyclopedia of the social & behavioral
sciences (eds NJ Smelser, J Wright, PB Baltes),
pp. 14768–14771. Amsterdam, The Netherlands:
Elsevier.

63. Haghani M, Sarvi M. 2017 Stated and revealed exit
choices of pedestrian crowd evacuees. Transp. Res.
B: Methodol. 95, 238–259. (doi:10.1016/j.trb.2016.
10.019)

64. Bode NWF, Kemloh Wagoum AU, Codling EA. 2014
Human responses to multiple sources of directional
information in virtual crowd evacuations. J. R Soc.
Interface. 11, 20130904. (doi:10.1098/rsif.2013.
0904)

65. Bode NWF, Kemloh Wagoum AU, Codling EA. 2015
Information use by humans during dynamic route
choice in virtual crowd evacuations. R. Soc. Open Sci.
2, 140410. (doi:10.1098/rsos.140410)

66. Simon HA. 1979 Rational decision making in
business organizations. Am. Econ. Rev. 69,
493–513.

67. Savage LJ. 1972 The foundations of statistics.
New York, NY: Courier Corporation.

68. Goldstein DG, Gigerenzer G. 2008 The recognition
heuristic and the less-is-more effect. Handb. Exp.
Econ. Results 1, 987–992. (doi:10.1016/S1574-
0722(07)00106-0)

69. Jamshidi S, Ensafi M, Pati D. 2020 Wayfinding in
interior environments: an integrative review. Front.
Psychol. 11, 2930 [cited 2021 Apr 6]. (doi:10.3389/
fpsyg.2020.549628)

70. Kennedy PJ, Shapiro ML. 2009 Motivational states
activate distinct hippocampal representations to
guide goal-directed behaviors. Proc. Natl Acad. Sci.
USA 106, 10 805–10 810. (doi:10.1073/pnas.
0903259106)

71. Davies N. 2018 Who walks, where and why?
Practitioners’ observations and perspectives on
recreational walkers at UK tourist destinations. Ann.
Leis. Res. 21, 553–574. (doi:10.1080/11745398.
2016.1250648)

72. Sarjala S. 2019 Built environment determinants of
pedestrians’ and bicyclists’ route choices on
commute trips: applying a new grid-based method
for measuring the built environment along the
route. J. Transp. Geogr. 78, 56–69. (doi:10.1016/j.
jtrangeo.2019.05.004)

73. Kemperman ADAM, Borgers AWJ, Timmermans HJP.
2009 Tourist shopping behavior in a historic
downtown area. Tour Manag. 30, 208–218. (doi:10.
1016/j.tourman.2008.06.002)

74. Bode NWF, Codling EA. 2013 Human exit
route choice in virtual crowd evacuations.
Anim. Behav. 86, 347–358. (doi:10.1016/
j.anbehav.2013.05.025)

75. Helbing D, Farkas IJ, Molnar P, Vicsek T. 2002
Simulation of pedestrian crowds in normal and
evacuation situations. Pedestr Evacuation Dyn. 21,
21–58.
76. Haghani M, Sarvi M. 2016 Human exit choice in
crowded built environments: investigating
underlying behavioural differences between normal
egress and emergency evacuations. Fire Saf. J. 85,
1–9. (doi:10.1016/j.firesaf.2016.07.003)

77. Andresen E, Chraibi M, Seyfried A. 2018 A
representation of partial spatial knowledge: a
cognitive map approach for evacuation simulations.
Transp. Transp. Sci. 14, 433–467. (doi:10.1080/
23249935.2018.1432717)

78. Sime JD. 1983 Affiliative behaviour during escape to
building exits. J. Environ. Psychol. 3, 21–41. (doi:10.
1016/S0272-4944(83)80019-X)

79. Benthorn L, Frantzich H. 1999 Fire alarm in a public
building: how do people evaluate information and
choose an evacuation exit? Fire Mater. 23, 311–315.
(doi:10.1002/(SICI)1099-1018(199911/12)23:6<
311::AID-FAM704>3.0.CO;2-J)

80. Kinateder M, Comunale B, Warren W. 2018 Exit
choice in an emergency evacuation scenario is
influenced by exit familiarity and neighbor
behavior. Saf. Sci. 106, 170–175. (doi:10.1016/j.ssci.
2018.03.015)

81. Proulx G. 2001 Occupant behaviour and evacuation.
In Proc. of the 9th Int. Fire Protection Sym. Citeseer,
pp. 219–232.

82. Phillips J, Walford N, Hockey A, Foreman N,
Lewis M. 2013 Older people and outdoor
environments: pedestrian anxieties and barriers
in the use of familiar and unfamiliar spaces.
Geoforum. 47, 113–124. (doi:10.1016/j.geoforum.
2013.04.002)

83. Filomena G, Verstegen JA. 2021 Modelling the
effect of landmarks on pedestrian dynamics in
urban environments. Comput. Environ. Urban Syst.
86, 101573. (doi:10.1016/j.compenvurbsys.2020.
101573)

84. Ronchi E, Nilsson D, Gwynne SMV. 2012 Modelling
the impact of emergency exit signs in tunnels. Fire
Technol. 48, 961–988. (doi:10.1007/s10694-012-
0256-y)

85. Tong Y, Bode NWF. 2021 The value pedestrians
attribute to environmental information diminishes
in route choice sequences. Transp. Res. C Emerg.
Technol. 124, 102909. (doi:10.1016/j.trc.2020.
102909)

86. Yamaguchi K, Berg AC, Ortiz LE, Berg TL. 2011 Who
are you with and where are you going? In Conf. on
Computer Vision and Pattern Recognition (CVPR),
CVPR 2011, 20-25 June, pp. 1345–1352.
Piscataway, NJ: IEEE. (doi:10.1109/CVPR.2011.
5995468)

87. Hu Y, Zhang J, Xiao H, Cao S, Ren X, Liang X, Li H,
Song W. 2020 Experimental study and analysis on
behaviours and strategies of social groups and
individuals. Saf. Sci. 127, 104736. (doi:10.1016/j.
ssci.2020.104736)

88. Drury J, Cocking C. 2007 The mass psychology of
disasters and emergency evacuations: a research
report and implications for practice. Brighton, UK:
University of Sussex.

89. Drury J, Cocking C, Reicher S, Burton A, Schofield D,
Hardwick A, Graham D, Langston P. 2009
Cooperation versus competition in a mass
emergency evacuation: a new laboratory
simulation and a new theoretical model. Behav.
Res. Methods. 41, 957–970. (doi:10.3758/BRM.41.
3.957)

90. Dobson SH, Kirasic KC, Allen GL. 1995 Age-related
differences in adults’ spatial task performance:
influences of task complexity and perceptual speed.
Aging Neuropsychol. Cogn. 2, 19–38. (doi:10.1080/
13825589508256587)

91. Lee S, Kline R. 2011 Wayfinding study in virtual
environments: the elderly vs. the younger-aged
groups. Int. J. Archit. Res. 5, 63.

92. Rosenthal HE, Norman L, Smith SP, McGregor A.
2012 Gender-based navigation stereotype
improves men’s search for a hidden goal. Sex
Roles. 67, 682–695. (doi:10.1007/s11199-012-
0205-8)

93. Casey SM. 1978 Cognitive mapping by the blind.
J. Vis. Impair. Blind. 72, 297–301. (doi:10.1177/
0145482X7807200801)

94. Miesenberger K, Klaus J, Zagler W, Karshmer A.
2008 Computers helping people with special needs.
11th Int. Conf. ICCHP 2008, Linz, Austria, 9–11 July.
Lecture Notes in Computer Science, vol. 5105.
Berlin, Germany: Springer.

95. Meyers AR, Anderson JJ, Miller DR, Shipp K, Hoenig
H. 2002 Barriers, facilitators, and access for
wheelchair users: sbstantive and methodologic
lessons from a pilot study of environmental effects.
Soc. Sci. Med. 55, 1435–1446. (doi:10.1016/S0277-
9536(01)00269-6)

96. Chraibi M, Haensel D. 2016 Cognitive map routing.
In Int. Conf. on Cellular Automata. Cham,
Switzerland: Springer.

97. Reid D. 2002 Virtual reality and the person–
environment experience. Cyberpsychol Behav. 5,
559–564. (doi:10.1089/109493102321018204)

98. Lovreglio R, Kinateder M. 2020 Augmented reality
for pedestrian evacuation research: promises and
limitations. Saf. Sci. 128, 104750. (doi:10.1016/j.
ssci.2020.104750)

99. Engelniederhammer A, Papastefanou G, Xiang L.
2019 Crowding density in urban environment
and its effects on emotional responding of
pedestrians: using wearable device technology
with sensors capturing proximity and
psychophysiological emotion responses while
walking in the street. J. Hum. Behav. Soc. Environ.
29, 630–646. (doi:10.1080/10911359.2019.
1579149)

100. Sarker IH. 2021 Machine learning: algorithms, real-
world applications and research directions. SN
Comput. Sci. 2, 160. (doi:10.1007/s42979-021-
00592-x)

http://dx.doi.org/10.1016/j.trb.2016.10.019
http://dx.doi.org/10.1016/j.trb.2016.10.019
http://dx.doi.org/10.1098/rsif.2013.0904
http://dx.doi.org/10.1098/rsif.2013.0904
http://dx.doi.org/10.1098/rsos.140410
http://dx.doi.org/10.1016/S1574-0722(07)00106-0
http://dx.doi.org/10.1016/S1574-0722(07)00106-0
http://dx.doi.org/10.3389/fpsyg.2020.549628
http://dx.doi.org/10.3389/fpsyg.2020.549628
http://dx.doi.org/10.1073/pnas.0903259106
http://dx.doi.org/10.1073/pnas.0903259106
http://dx.doi.org/10.1080/11745398.2016.1250648
http://dx.doi.org/10.1080/11745398.2016.1250648
http://dx.doi.org/10.1016/j.jtrangeo.2019.05.004
http://dx.doi.org/10.1016/j.jtrangeo.2019.05.004
http://dx.doi.org/10.1016/j.tourman.2008.06.002
http://dx.doi.org/10.1016/j.tourman.2008.06.002
http://dx.doi.org/10.1016/j.anbehav.2013.05.025
http://dx.doi.org/10.1016/j.anbehav.2013.05.025
http://dx.doi.org/10.1016/j.firesaf.2016.07.003
https://doi.org/10.1080/23249935.2018.1432717
https://doi.org/10.1080/23249935.2018.1432717
http://dx.doi.org/10.1016/S0272-4944(83)80019-X
http://dx.doi.org/10.1016/S0272-4944(83)80019-X
http://dx.doi.org/10.1002/(SICI)1099-1018(199911/12)23:6%3C311::AID-FAM704%3E3.0.CO;2-J
http://dx.doi.org/10.1002/(SICI)1099-1018(199911/12)23:6%3C311::AID-FAM704%3E3.0.CO;2-J
https://doi.org/10.1016/j.ssci.2018.03.015
https://doi.org/10.1016/j.ssci.2018.03.015
http://dx.doi.org/10.1016/j.geoforum.2013.04.002
http://dx.doi.org/10.1016/j.geoforum.2013.04.002
http://dx.doi.org/10.1016/j.compenvurbsys.2020.101573
http://dx.doi.org/10.1016/j.compenvurbsys.2020.101573
http://dx.doi.org/10.1007/s10694-012-0256-y
http://dx.doi.org/10.1007/s10694-012-0256-y
http://dx.doi.org/10.1016/j.trc.2020.102909
http://dx.doi.org/10.1016/j.trc.2020.102909
https://doi.org/10.1109/CVPR.2011.5995468
https://doi.org/10.1109/CVPR.2011.5995468
http://dx.doi.org/10.1016/j.ssci.2020.104736
http://dx.doi.org/10.1016/j.ssci.2020.104736
http://dx.doi.org/10.3758/BRM.41.3.957
http://dx.doi.org/10.3758/BRM.41.3.957
http://dx.doi.org/10.1080/13825589508256587
http://dx.doi.org/10.1080/13825589508256587
http://dx.doi.org/10.1007/s11199-012-0205-8
http://dx.doi.org/10.1007/s11199-012-0205-8
http://dx.doi.org/10.1177/0145482X7807200801
http://dx.doi.org/10.1177/0145482X7807200801
http://dx.doi.org/10.1016/S0277-9536(01)00269-6
http://dx.doi.org/10.1016/S0277-9536(01)00269-6
http://dx.doi.org/10.1089/109493102321018204
http://dx.doi.org/10.1016/j.ssci.2020.104750
http://dx.doi.org/10.1016/j.ssci.2020.104750
http://dx.doi.org/10.1080/10911359.2019.1579149
http://dx.doi.org/10.1080/10911359.2019.1579149
http://dx.doi.org/10.1007/s42979-021-00592-x
http://dx.doi.org/10.1007/s42979-021-00592-x

	The principles of pedestrian route choice
	Introduction
	Principles of pedestrian route choice
	Information perception
	Selective attention
	Limited available information in pedestrian route choice

	Information integration
	Response to information
	Desirable and undesirable attributes
	Positive and negative feedback

	Decision-making mechanism
	Utility theory
	Heuristics

	Context dependency
	Motivational state
	Familiarity
	Social influence
	Individual characteristics


	Discussion
	Data accessibility
	Authors' contributions
	Competing interests
	Funding
	Acknowledgement
	References


