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a b s t r a c t

Egress behaviour of pedestrians in crowded complex confined spaces is investigated in this study. De-
spite recent methodological progress in the development of simulation tools for predicting crowd egress
and evacuation, little is known based on empirical data about the underlying rules that govern exit
wayfinding of pedestrians in multi-exit places. Particularly, fundamental differences between beha-
vioural features of emergency and non-emergency egress have not been fully explored by previous
studies. Stated-choice data was collected in face-to-face interviews with passengers as they exited a
major railway station in Melbourne. Participants were asked what exit decision they would have made
given certain hypothetical scenarios at that same station. Econometric models (error-component mixed
logit) were developed to quantify the way passengers evaluate and prioritise various contributing factors
while accommodating the potential decision heterogeneity. These factors include distance, crowding,
visibility of exits, proximity of the exits to their destination, impact of other passengers’ decisions; and
spatial distribution of exits. Key findings of our modelling suggest that (1) for nonemergency egress,
proximity of the exit points to passenger's destination is a dominant factor although not the sole de-
terminant. (2) In an emergency, passengers place a much higher priority on avoiding crowded exits
compared to non-emergency situations. (3) Directional flows of pedestrians do not significantly impact
on decisions made in a normal egress. (4) In an emergency evacuation, directional flows are considered
as a negative utility factor by majority of individuals, although the perception of this factor is highly
heterogeneous and also depends on the visibility of the exits targeted by the flow. The proposed static
models can be incorporated with a broad range of crowd simulation methods as alternatives for heuristic
modeller-defined exit choice rules. They accommodate the dissimilarities of egress behaviour between
emergencies and non-emergencies, thereby enabling planners to conduct virtual simulations under ei-
ther scenario.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Population growth as well as the increasing occurrence of large
public events, such as sport events and entertainment programs
which gathers massive numbers of people, have subjected public
transport facilities to unprecedented levels of demand and con-
gestion. Moreover, the possibility of the need for emergency eva-
cuations of those facilities as a result of terrorist activities, fires or
accidental calamities have made authorities concerned about
providing the safest and most efficient architectural designs or
management solutions. The tragic events within the last several

decades during which crowd mismanagement has caused dis-
asters and casualties highlight the importance of this issue [23].
Crowd panic and stampedes can have disastrous consequences, as
the 2010 Germany Love Parade Disaster sadly demonstrated, 21
people were killed and another 510 seriously injured. In retrospect,
many such real crowd disasters could have been avoided with
better crowd management. In line with the increasing attention to
the general topic of crowd management, the literature has also
exhibited a particular interest in investigating this issue in con-
junction with the safety of major public transport stations
[12,15,38,9] as facilities that serve large numbers of pedestrians on
a regular basis. Fridolf et al. [12] provide a review on previously-
reported fire accidents in underground transport systems in ad-
dition to evaluating four different human behaviour theories that
can be used in fire safety design of railway stations.

Clearly, prevention of such incidents entails development of
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robust modelling tools and methodologies to predict crowd be-
haviour during planning and design stages of public transport
stations or public buildings. The ability to conduct virtual simu-
lations on the operation of such facilities under different possible
circumstances such as extreme levels of demand or emergency
situations will enable authorities to plan and prepare for worst-
case scenarios and estimate evacuation (or discharge) time,
thereby improving safety assessment of crowded enclosed spaces.
Accordingly, crowd simulation now plays a central role in support
of planning and decision making for public safety. Although this
has become a rather well-established field of research and has led
to the development of several commercial simulation tools, many
important aspects of crowd behaviour are not well understood,
particularly in extreme emergency and panic scenarios [32]. Panics
are unique because individual cognitive abilities may dramatically
reduce and behavioural features of people such as movement
speeds are taken to extremes. For all those reasons, it is believed
that the accuracy and reliability of the existing crowd simulation
programs for practical planning purposes are still limited [44]. It is
also believed that the lack of concrete knowledge in this area of
research chiefly stems from the lack of reliable empirical data
through which the behaviour of individuals can be reflected into
the forecast tools [34]. The potential heterogeneity of the beha-
viour that different individuals may exhibit in a certain egress or
evacuation scenario also adds to the complexity of the problem.

Particularly, the insufficiency of the existing empirical evidence
in this field has left many unanswered questions with regard to
the wayfinding of passengers when exiting or evacuating archi-
tecturally-complex built environments such as public transport
stations. Do pedestrians consider a single criterion for choosing
their exit or there is a combination of factors involved? If the latter
is the case, what are those contributing factors and their relative
weights on their decision making? Do these potential weights vary
significantly from person to person? Are there fundamental dif-
ferences between such factors and their combined effect between
daily exit choices of passengers and those of evacuation situa-
tions? If so, how one can quantify those differences and capture
them in the forecast process? These constitute some of the main
questions this research attempts to address.

In this work, a random-utility analysis is conducted, as one of
the theoretically rigorous and well-accepted methodologies of
modelling human decision. Models are developed based upon
stated-choice data sets collected in a major railway station in
Melbourne city. Of particular interest is identifying the funda-
mental factors influencing passengers’ route choice behaviour in
complex (multi-exit) geometries. Our aim is to understand and
quantify the difference between the ways pedestrian passengers
evaluate contributing factors in complicated exit-choice situations.
By complex exit choice scenarios we refer to the situations when
there is a trade-off between different competing factors such as
choosing less-congested exit points versus closer exit points. We
also make a distinction between exit choices of passengers in
normal (nonemergency) and emergency situations. In addition to
quantifying passengers’ trade-off between congestion and dis-
tance, we also attempt to understand if passengers tend to follow
other peoples’ route decisions and under what circumstances they
may choose to head to an invisible exit point whose level of
crowding is uncertain to them. We also examine the impact of
proximity of exit points to destinations and spatial distribution of
exits on passengers’ decisions. The potential heterogeneity of the
passenger behaviour is also accommodated through application of
random-coefficient discrete choice models. The remainder of the
paper is structured as follows. In Section 2, we make a selective
review on the current practice and research on modelling beha-
viour of passengers in railway stations with a particular emphasis
of the topic of egress wayfinding and exit choice. The limitations of

the methods currently practised in the literature are also briefly
discussed in this section. The data collection and survey procedure
are explained in Section 3. Theoretical background of our model-
ling, the model estimation results and our behavioural inter-
pretations are discussed in Section 4. Sections 5 and 6 are re-
spectively dedicated to a discussion and summary of the findings.

2. State of the art and limitations of the current practice

Extensive research within recent years has been carried out to
enhance the safety strategies of crowded railway and public
transport stations by providing better understanding of different
aspects of the passenger behaviour [43,5,52]. The problem has
been viewed from different perspectives such as simulation of
passengers alighting and boarding [57], issues related to passen-
gers’ use of stairways versus escalators during level changing
[29,7] or investigating particular features of crowd behaviour in
complex manoeuvres like turning and merging points [2,51]. As an
exploratory study, Gräßle and Kretz [16], dell’Olio et al. [8] and
[13] also investigated train evacuation behaviour of passengers
(and crews) by conducting mock evacuation experiments under
different conditions of exit configurations or conducting stated
choice experiments to quantify the behavioural differences asso-
ciated with different types of incidents. The literature on this topic,
however, is dominated by the application of the existing methods
or commercial software of crowd emergency evacuation
[36,56,58]. Cheng and Yang [6] conducted case studies to evaluate
capacities of certain subway stations in China. Jiang et al. [30] also
conducted case studies with the aim of tuning of two certain input
parameters of a commercial crowd simulation software (max-
imum upstairs speed and the average minimum width of staircase
utilised per person) to reflect particular characteristics of passen-
gers flow in railway stations by taking two subway stations in
China as examples.

Although crowd simulation is a well-established field of re-
search , and several commercial software packages are available,
many important aspects of crowd behaviour are not well under-
stood [35]. Particularly, the underlying difference between pas-
sengers’ wayfinding behaviour in extreme emergency (panic)
scenarios and normal egress situations has barely been in-
vestigated by earlier studies. One major reason for that is the
scarcity of dedicated empirical data, both in terms of quality and
quantity, which hampers validation of existing models or calibra-
tion of input parameters [34,44]. Also, limited attention has been
paid to the necessity of application of stochastic behavioural
models that can accommodate the diversity as well as the un-
certainty of human escape behaviour [45]. A few former studies
have partially addressed the problem of lack of explanatory data
by providing choice data [10,18,20–22,39], conducting experi-
mental studies in relatively simple geometries [24] or monitoring
actual movements of pedestrians in large crowds [16]. However,
none of those have addressed the particular problem of wayfind-
ing by railway passengers nor have they made clear distinction
between the potential dissimilarities of route-finding behaviour
between normal and emergency egress situations.

On the particular topic of crowd emergency exit choice, four
general major approaches have commonly been practised in the
literature thus far. These include the game theory approach
[11,37,40], discrete-choice methods [1,10,18,39], network-based
models [3] and implementation of implicit rules in transition
probabilities of cellular-automaton-based methods [27]. Kneidl
et al. [31] also reported on the development of an approach that
integrates a network-based method for exit choice (i.e. large-scale
navigation also known as “tactical decisions”) with a cellular-au-
tomata simulation framework. Many of those methods, however,
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