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A Study on Herding Behaviour in Exit Choice during Emergencies based on Random Utility Theory

Abstract

Modelling human behaviour in emergencies has become an important issue in safety engineering.
Good behavioural models can help increase the safety of transportation systems and buildings in
extreme situations like fires or terrorist attacks. Although it is well known that the interaction with
other decision makers affects human behaviour, the role of social influences during evacuations still
needs to be investigated. This paper contributes to fill this gap by analysing the occurrence of Herding
Behaviour (HB) in exit choice. Theoretical explanations of HB are presented together with some
modelling approaches used in different fields where HB is relevant. A discrete choice stated
preference experiment is then carried out to study the role of HB in the decision-making process
concerning exit choice during evacuation. A binary logit model is proposed showing that the
occurrences of HB are affected by both environmental and personal factors. In particular, the model
shows that the personal aptitude to HB can have a key role in selecting an exit.

Keywords: Evacuation modelling, herding behaviour, exits choice, social influences, random utility
theory

Abbreviations

HB: Herding Behaviour

HC: High herding Class

ISI: Informational Social Influence
LC: Low herding Class

MC: Medium herding Class

NSI: Normative Social Influence
RUT: Random Utility Theory

SIT: Social Influence Theory

SPT: Social Proof Theory

1. Introduction

Many studies on evacuation issues, in the last few decades, have proved that the existing
transportation systems and buildings do not always provide adequate levels of safety (Fridolf et al.
2013; Averill et al. 2005). An estimate of the safety condition of transportation systems and buildings
can be performed with the application of a performance based design approach, e.g. by comparing
the available safe egress time and required safe egress time (Purser 2003). Several macroscopic and
microscopic models and software packages have been developed to estimate the required safe egress
time (Kuligowski et al. 2010; Gwynne et al. 1999). However, the validity of these models may be limited
due to the existing lack of knowledge regarding human behaviour during emergencies, as reported in
the literature (Lovreglio, Ronchi, et al. 2014).
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The act of evacuating from a building and transportation systems requires the occupants to develop
and take different decisions (e.g. to investigate and to seek more information on the situation, to
evacuate, to choose an exit, etc.) (Lovreglio 2014; Lovreglio et al. 2015; Lovreglio, Ronchi, et al. 2015b).
Among these, once the decision to evacuate has been taken, exit choice is surely one of the most
important (Ronchi, Colonna, et al. 2012; Ronchi, Nilsson, et al. 2012). Exit choice can be influenced by
both physical factors (e.g. evacuees’ mobility, presence of obstacles, visibility, etc.) (Jeon et al. 2011;
Kobes et al. 2010) and social factors (e.g. behaviour of other evacuees, etc.) (Lovreglio, Borri, et al.
2014; Kinateder 2012).

Different models and theories have been developed to explain social interactions during evacuations.
The four commonly accepted theories are the Role-rule Theory (Canter et al. 1980), the Affiliative
Theory (Sime 1985), the Social Influence Theory (SIT) (Nilsson & Johansson 2009) and Caldini’s Social
Proof Theory (SPT) (Cialdini 1993). Three types of interactions among evacuees have been identified:
HB (i.e. following others’ behaviour), cooperative behaviour (i.e. working or acting together for the
common/mutual benefit) and competitive/selfish behaviour (Helidvaara et al. 2012; Pan 2006; Helbing
et al. 2000).

This work focuses on the occurrences of HB during exit choice. HB occurs whenever a decision-maker
prefers, among different options, to follow other people’s choices (Banerjee 1992; Helidvaara et al.
2012). As regards to the exit choice, this can be explained by the decision of the evacuee to choose an
exit just because other evacuees had selected it, instead of striving to identify the exit that would
provide them with the best evacuation conditions. The literature argues that HB could have both
positive and negative effects depending on the evacuation conditions (Alavizadeh et al. 2008). In fact,
it can lead to unwanted situations in highly crowded buildings, with limited visibility situations (i.e.
heavy presence of smoke) or when exits are difficult to find (e.g. because evacuation paths are not
well indicated) causing damage to transportation systems and loss of life during evacuations since it
could lead to a non-optimized use of the exits (Helbing & Johansson 2011; Schadschneider et al. 2009;
Alavizadeh et al. 2008; Saloma & Perez 2005). However, it may help evacuees exit faster when the
building is not highly populated and when evacuees are mostly unfamiliar with exit paths (Alavizadeh
et al. 2008; Kirchner & Schadschneider 2002). In fact, the choices made by evacuees familiar with the
building could positively affect the choices of unfamiliar evacuees. Therefore, a full understanding of
this behaviour can be indispensable to improve the evaluation of safety condition of transportation
systems and buildings.

This paper presents a study of the decision-making process underpinning exit choice by using data
collected through an online survey. The research consists of two steps: in the first step, a conceptual
framework of HB is derived by reviewing the existing theories on social interaction. The outcomes of
the review are used to make sense of the experimental results. In the second part, a stated preference
experiment is carried out by asking participants to select an exit in relation to several hypothetical
situations presented in short videos. A behavioural model based on the Random Utility Theory (RUT)
is proposed to explain the occurrence of HB. A small qualitative study is performed to confirm the
validity of the researchers’ interpretation of the survey. The RUT has already been used to investigate
exit choice and route choice in normal (Hoogendoorn & Bovy 2004) and emergency situations (Guo &
Huang 2010; Guo & Huang 2011; Lovreglio, Borri, et al. 2014; Guo et al. 2013). In these previous
studies, the goal was to identify the exit or the route selected by pedestrians/evacuees considering
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the utility associated with each available exit/route. By contrast, this work aims at identifying the
evacuees’ utility to select the most crowded exit manifesting HB. This goal is achieved showing that
HB can be the outcome of a rational decision-making process contrary to the Irrational Paradigm
adopted by several existing models (Helbing et al. 2002; Kirchner & Schadschneider 2002) and that
both environmental and personal factors can influence the occurrence of this behaviour.

The paper is outlined as follows: Section 2 presents a review regarding the SIT and the SPT and how
these theories can explain the occurrences of HB. A summary on the modelling approaches used so
far to model HB is provided in Section 3. Then, the proposed approach is presented and compared
with existing ones. The methodology adopted is described in detail in Section 4. Section 5 reports a
case study and the analysis of the data collected through the online survey. A qualitative analysis of
face-to-face interviews, aiming to investigate the reasons, which made respondents choose the most
crowded exit is also presented. A discussion of the estimated model, a sensitivity analysis and an
implementation of the proposed model are provided in Section 6. Conclusions are presented in
Section 7.

2. Social Interaction and Herding Behaviour

As reported in the literature, evacuees usually behave differently depending on whether they are
alone or in a group (Pan et al. 2007; Braun et al. 2003). Previous studies found that the decision to
evacuate a building or a transportation system (Nilsson 2009; Fridolf et al. 2013; Latane & Darley 1968;
Lovreglio, Ronchi, et al. 2015b), or exit choice (Lovreglio, Borri, et al. 2014; Kinateder 2012; Lovreglio
et al. 2015) can be strongly influenced by the behaviour of other evacuees. In fact, evacuees can
behave differently in accordance with their role during emergency egress (i.e the Role-rule Theory
(Canter et al. 1980)) and whether they are experiencing this situation with other evacuees that are
familiar to them (i.e. the Affiliative Theory (Sime 1983)).

The following section aims to investigate how the SIT and the SPT can provide interesting insights on
HB. The SIT was introduced in safety science by Nilsson and Johansson (Nilsson & Johansson 2009) to
explain the social interactions among evacuees. According to this theory, two types of social influences
exist. One refers to people who are afraid of standing out by not complying with prevalent social
norms, they try "to conform to the positive expectations of another" and so they are subject to the so
called Normative Social Influences (NSIs) (Deutsch & Gerard 1955; Nilsson & Johansson 2009). The
Informational Social Influences (ISIs) refer to those arising when an individual accepts "information
obtained from another as evidence about reality" (Deutsch & Gerard 1955).

Cialdini’s SPT argues that “we view a behaviour as more correct in a given situation to the degree that
we see others performing it ” (Cialdini 1993). The SPT is directly related to the ISI. In fact, it implicitly
assumes that the acts/choices of other people provide an external cue that could influence the
decision-making process.

These two theories could help define some reasons that lead people to manifest HB. According to SIT,

actions and choices made by others may be a source of information to understand what is going on
during situations characterized by uncertainty (Kinateder 2012; Pan 2006). For instance, during exit
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choice, a decision maker can understand that an exit is available for escape because other evacuees
are already heading towards it (Figure 1). A decision-maker exposed to others’ actions might choose
among different objectives/actions following others’ behaviours. In exit choice, this means that a
decision-maker chooses the most crowded exit. According to existing theories, two reasons can be
provided to explain this behaviour. A decision-maker may choose the most congested exit just because
he/she trusts the majority of other occupants’ behaviour considering it as the right one (SPT). Another
interpretation may be that he/she is concerned about being judged by others and prefers to avoid
embarrassment due to a counter-current choice (NSI) (Figure 1). As reported in the literature, both
the preference to trust in the majority’s behaviour (SPT) and the fear to look foolish (NSI) are triggered
by the uncertainly of the context of choice (Nilsson 2009; Pan 2006; Cialdini 1993). In addition, Cialdini
argues the trust in the majority’s behaviour may also occur when people are unsure of themselves
(i.e. lack of self-confidence) (Cialdini 1993).

soclAL | . INFORMATIVE i NORMATIVE
PROOOF TEORY ! SOCIAL ¥ SOCIAL

INFLUENCE !  INFLUENCE

' Fear to .
A make fools

People "W
\ behaviour 4

EVALUATION PROCESS

DECISION MAKING

The least crowded exit The most crowded Exit

Figure 1 — Social Influences in exit choice

Therefore, it is possible to argue that the choice to herd can be result of a rational decision (i.e. a
choice “procedurally reasonable in light of the available knowledge and means of computation”)
(Simon 1986; Lovreglio et al. 2015) instead of an irrational decision due to the ‘panic’ as proposed by
several existing models (Helbing et al. 2002; Kirchner & Schadschneider 2002). In fact, a decision-
maker living an ambiguous situation tries to find a trade-off between the possibility to choose the less
crowded exits (which could allow a faster evacuation by taking the risk to make a counter-cultural
choice) and the most crowded exit by trusting in the majority’s behaviour. Then, the degree of
uncertainty can make the difference in the choice since the higher the uncertainty the more decision-
maker could manifest HB.

3. Modelling approaches for HB
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Several evacuation models have been developed in the last few decades (Kuligowski et al. 2010;
Gwynne et al. 1999). However, HB is simulated only in some of these models. Some of these models
consider HB as a general behaviour always affecting evacuees (see, for instance, cellular automata
models (Lovreglio, Ronchi, et al. 2015c; Guo et al. 2012; Schadschneider 2001; Burstedde et al. 2001;
Guo et al. 2013)) whereas others assume that occurrences of HB can vary during evacuations
depending of several factors. Assuming that HB is always present is a reasonable assumption, even
though it is arguable that occurrences of this behaviour are constant during evacuations having
different conditions. Different authors provided formulations to explaining what could affect the
occurrence of HB during evacuations. Helbing et al. (2000; 2002) include HB in their social forces
models. In particular, the authors model HB vs. individualistic behaviour based on the degree of panic
of the decision-maker. A similar approach (based on deterministic parameters related to agents’ level
of panic) is also used by Kirchner and Schadschneider (2002), Toyama et al. (2006) and Nishinari et al.
(2006) in their cellular automaton models. Pan et al. (2007) presented a rule-based approach in their
agent-based model. According to Pan et al. (2007), agents can behave as a herd by following this set
of three behavioural rules: (1) random walk until a goal is detected, (2) if multiple goals are detected,
compute the ‘popularity’ for each goal by observing other agents, and then choose the goal that has
the biggest crowd, and (3) seek the goal. Differently, Korhonen (2011) defines a specific class of agents
called “Herding agents”. These agents follow a “conservative” strategy when available familiar exits
are present; otherwise they behave on the basis of a herding strategy. Moreover, a HB effect is
observed in the lattice gas model proposed by Isobe et al. (2004) to simulate evacuations from a room
without visibility. According to the authors, the herding effect is the product of direct acoustic
interactions. Another interesting approach, used to model HB, is based on fuzzy theory proposed by
Dell’Orco et al. (2014). According to this model, the agents start becoming less independent and follow
the surrounding people as panic increases. Altshuler et al. (2005) studied HB by using experiments
with ants and then proposed a computer model in which the key-parameter is the “panic parameter”.
Finally, Saloma and Perez (2005) propose a two-parameter cellular automaton model from the study
of mice. This model includes both a “panic threshold” parameter and an independent parameter
called “imitation tendency”.

The main weakness of the models investigating the variability of HB occurrences is that they assume
that these occurrences are related only to the state of the agents and in particular to their panic state.
However, many studies on human behaviour in fire and crowd disasters have showed that even under
extremely critical conditions people do not panic but they behaved quite rationally helping each other
(Helbing & Mukerji 2012; Fahy et al. 2012). Fahy et al. (2012) argue that there is a misconception
regarding the concept of panic among researchers and that the occurrences of it are very rare during
fires. Moreover, Canter et al. (1980) state that there is no need to refer to the panic explanation to
give an overview of what happened during emergencies but rational explanations can be used. The
second weakness relies on those models not including the influences of personal (i.e. gender, age,
occupation, etc.) and environmental (i.e. number of evacuees close to the exit or the decision-maker)
variables on HB. Another weakness of these herding models is that all of them are deterministic and
thus cannot model the randomness behind human behaviour in fire (i.e. behavioural uncertainty)
(Ronchi et al. 2013; Lovreglio, Ronchi, et al. 2014) whereas the randomness is taken into account by
the models assuming HB as a general behaviour (Lovreglio, Ronchi, et al. 2015c; Guo et al. 2012;
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Schadschneider 2001; Burstedde et al. 2001). The last shortcoming of the existing herding models is
that these are not regression models from data collected during real emergencies or experiments.

Differently from the existing approaches, this work aims to model HB during exit choice by using the
RUT. In fact, the decision to choose the most crowded exit (showing HB) can be defined as a discrete
choice. Therefore, two utility functions can be defined for the two available possible choices (i.e.
choice of the most crowded exit and choice of one of the other exits). Since these utilities include both
a deterministic and a random part it is possible to estimate only the probability that a decision-maker
chooses one alternative among the available ones (Ortuzar & Willumsen 2011). A key assumption of
this modelling approach is that the decision-maker behaves rationally by choosing the option with the
higher utility function (Ortuzar & Willumsen 2011; Train 2009). This assumption is confirmed with
what is assumed in the previous section (i.e. HB is the result of a rational decision-making process)
and with the existing literature (Canter et al. 1980). A full explanation regarding the remaining
assumptions defining this modelling approach and its formulations is provided in (Ortuzar &
Willumsen 2011; Train 2009; Hensher et al. 2005).

The proposed approach differs from the existing one for many reasons. Firstly, the existing models
assume that HB is directly related to the panic level of an agent according to “the more the panic level,
the more an agent shows HB”. Differently, the proposed model assumes that HB is the result of a
rational decision-making process and both environmental and personal variables can influence the
probability of the occurrences of HB. Then, the probabilistic approach offered by the RUT is a valid
alternative to the deterministic one since it allows modelling behavioural randomness (i.e. behavioural
uncertainty) related to discrete choice (Lovreglio, Ronchi, et al. 2014; Lovreglio et al. 2015). Moreover,
another strength of the RUT is that it is possible to calibrate directly the model by using data collected
through stated preferences (i.e. survey) or revealed preferences (i.e. real or experimental evacuations)
(Ortuzar & Willumsen 2011). Therefore, this modelling approach allows statistically testing the
influences of different environmental and personal factors on the probability of having HB during exit
choice.

In this work, data from stated preferences are used to show the potentials of the proposed approach.
In fact, the proposed model is a regression model based on data collected by an online survey from
221 respondents (see Lovreglio, Borri et al. (2014) for more information regarding this survey).

The methodology used to estimate a new logit model is provided in the following section.

4. Methodology

The previous sections showed how HB could be the result of a rational decision-making process and
the RUT can be a valid alternative to model HB during exit choice.

The methodology used in this work, to develop a new herding model, is divided into three main
consecutive steps: Preliminary Analysis, Qualitative Analysis, and Modelling and Behavioural Analysis

(Fig. 2).

In the first step, an analysis of data collected by Lovreglio, Borri et al. (2014) using an online survey
was done to check whether respondents chose the most crowded exit in the proposed hypothetical
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scenarios. Data showed that in several cases respondents chose this option. However, at this stage, it
was not possible to state that this behaviour is an instance of HB since other factors could make
respondents choose the most crowded exit.

Therefore, in the second step, a new survey was made by using the same questionnaire and combined
with a final face-to-face interview to investigate whether HB was the reason behind the choice of the
most crowded exit. Additionally, these interviews allowed investigating whether social influences
argued in Section 2 (i.e. ISI, NSI, SPT) could explain the behaviour of people choosing the most crowded
exit.

The third step dealt with modelling and behavioural analysis. The goals of this step were to determine
which model better fits the data and to provide a behavioural analysis of the proposed model.
Moreover, some pieces of information collected during the second step were used to interpret the
proposed model.

DATABASE by

Analysis of DATA Lovreglio et al. 2014

collected by ——
Lovreglio et al. 2014 l
- Hypothesis of Behavioural
—— -— = -
a model Analysis
§ |
i
E -
Face to face E. Optimized
interviews NO model YES

Figure 2 - Methodological scheme
5. Case Study

The data used in this work deal with stated exit choices for different hypothetical scenarios
representing an enclosed environment, during emergencies, collected using an online survey. The goal
of this survey was to study the influences of several variables on exit choice during emergencies. A
previous exit choice model using this data is proposed in Lovreglio, Borri et al. (2014), this model
demonstrated the influence of different variables on exit choice during emergencies.

Differently, this work aims to use the same dataset to study/model the occurrences of HB in exit
choice. This data includes stated preferences provided by 221 respondents (191 coming from a
previous survey (Lovreglio, Borri, et al. 2014) and 30 respondents from the new survey). Information
about the recruiting of respondents and where the respondents come from are provided in Lovreglio,
Borri et al. (2014). All these respondents were asked to state their preference between two exits for
twelve different hypothetical scenarios administered using twelve different videos (see Video 1 for
some examples of hypothetical scenarios). These hypothetical scenarios were selected by using an
orthogonal design considering the following variables and levels (Lovreglio, Borri, et al. 2014):

e the Position of the Decision-Maker (PDM = {L: Left; C: Center; R: right}).
e the Number of People close to the two Exits (NPE = {0; 5; 10; 20}).
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e the Number of People close to the Decision-Maker (NPDM = {0; 1; 4; 8}).

Figures 3 and 4 illustrate graphically the context of choice.

Exit 1 Exit 2
7 —
e TS e X
[ /_\\ (o’ 2 \_j\/ AN
QO™ F = 0y
N ey
s (9
NPE: Number of People
close to the Exit NPE, = {0; 5; 10; 20} NPE, = {0; 5; 10; 20}
NPDM: Number of People
close to the Decision-Maker NPDM, = {0; 1; 4; 8} NPDM, = {0; 1; 4; 8} NPDMg ={0; 1; 4; 8}

PDM: Position Decision-Maker L: Left C: Center R: Right

Figure 3 — Scheme of the context of choice

Groups of usersthatare
evacuating

You are with
another user

Figure 4 — View of the context of choice (frame taken from one of the videos showing a hypothetical
scenarios)

Demographic data about respondents were also collected during this survey. The main demographic
information regarding respondents are listed below:

e 33% female and 67% male;

e The median age is 24, whereas the quartiles are 23, 24, and 26 respectively.

e The majority of respondents declared to be students (77%);

e The education level of the sample is medium-high: 62% of the sample had graduated and 35%
of the sample stated they had finished high school.

This work includes the same limitations introduced in Lovreglio, Borri et al. (2014). The main limitation
is the impossibility to recreate a real scenario using an online survey. In fact, this technique does not
allow for reproducing the situation of stress typically found during emergencies. Therefore, the model
proposed in this work is not able to study the influence of stress levels and levels of nervousness on
the occurrence of HB. Moreover, the sample used in this study is quite homogeneous (most of
respondents are students). In fact, a heterogeneous sample may allow a better understanding of how
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personal variables influence the problem. Another limitation of the survey is that the data could be
biased by the order of the proposed scenarios. In fact, it can be argued that the training process could
influence the choices after the first scenarios. In this work, the order in which the hypothetical
scenarios are proposed is shown in Table 1. A solution to reduce the spread of this effect can rely on
the reduction of the number of scenarios for each respondent and on the randomized sequences of
the scenarios. Therefore, the influence of the order of the hypothetical scenario needs to be
investigated in future studies.

5.1 Preliminary Analysis

This analysis begins from the analysis of the results of the model estimated in Lovreglio, Borri et al.
(2014). This model is a random parameter logit predicting the probability of choosing an exit
considering different variables (see Ortuzar & Willumsen (2011) for further information concerning
random parameter logit). One of the estimated random parameters is the one associated with the
number of people near the two exits (pNPE). Figure 5 shows the probability density function (PDF) of
this parameter. This PDF shows that NPE is not perceived only as a disutility since there are positive
values of pNPE with a relatively high probability (i.e. the presence of people close to an exit can
increase the probability of a decision-maker to choose it). This means that in several cases
respondents chose the most crowded exit. A further analysis is made using the data collected by the
survey.

The survey includes 12 choices scenarios; different numbers of people near to the two exits are
reported only in 10 scenarios (see the 4™ and 8" scenarios in Table 1). Thus, respondents have the
possibility to choose the most crowed exit 10 times. Table 1 shows how many respondents chose the
most crowded exit for each scenario. Table 1 highlights that the most crowded exit is chosen in some
scenarios more often than in others (e.g. see percentage of scenario 1 and scenario 5). This implies
that a HB model should include environmental variables describing the context of choice.

05
04

PDF

-0.6 -0.4 0.0 0.2

0.2

pNPE
Figure 5 — Probability Density Function (PDF) of parameter associated to number of people near the
two exits (pNPE)

Table 1 — Exit choice scenarios (NPE: number of people near exit 1 and 2; NPDM: number of people
near decision maker; DM: decision maker; MCE: the most crowded exit; L: left; R: right; C: centre)

Scenarios NPDM

NPEE | NPEE DM N respondents who Percentage Block
xitl xit2 Positions choose MCE &
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0 5 1 L 75 34% A

20 10 1 R 46 21% A
3 0 10 4 C 57 26% A
4x* 10 10 0 L - - -
5 20 5 4 C 34 15% A
6 0 20 8 R 50 23% A
7 10 20 1 C 45 20% A
8* 5 5 0 R - -
9 10 5 8 C 45 20% A
10 5 20 4 L 44 20% B
11 5 0 1 C 55 25% B
12 10 0 4 R 57 26% B

Table 2 shows how many respondents chose the most crowded exit for n times (n = 0,...,10). No
respondents chose the most crowded exits all 10 times, while 2 respondents chose the exit 9 times
and so on. Some respondents have preferred, several times, the most crowded exit, while a large part
of respondents chose the most crowded exits for 3-0 times. Therefore, Table 2 shows that respondents
manifest different herding attitudes. This points out that it is possible to segment respondents in
different herding classes to study the behavioural differences among these classes.

Table 2 — Number of times in which the most crowded exit was chosen by the same respondent
(NoT) vs. Number of respondents who choose the most crowded exit for NoT times (NoR) (P:
percentage; CP: Cumulative Percentage)

NoT 10 9 8 7 6 5 4 3 2 1 0
NoR 0 2 3 7 10 8 25 32 36 51 47
P (%) 0 0.9 14 3.2 4.5 3.6 11.3 | 145 | 16.3 231 21.3
CP (%) 0 0.9 2.3 5.4 10 136 | 249 | 394 | 55.7 | 78.7 100

The next step of this work is to understand why and when respondents chose the most crowded exit
and if this behaviour can be labelled as HB. Thus, a qualitative analysis based on face-to-face
interviews was made to answer these questions.

5.2 Qualitative Analysis: face-to-face interviews

A supplementary survey was carried out with 30 volunteers which filled out the same survey used in
Lovreglio, Borri, et al. (2014). Actually, 16 of these volunteers filled out the survey after the deadline
of the study proposed in Lovreglio, Borri, et al. (2014); therefore, this data was not included in their
previous analysis but was included in this new study. The authors contacted the remaining 14
volunteers by asking them to fill out a survey and to be interviewed afterwards. The main aim of these
interviews was to investigate the reason that lead respondents choosing the most crowded exit to
understand if that was HB. Therefore, the small number of interviews is not relevant for the scope of
this work.
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These respondents were recruited from the same sample analysed in Lovreglio, Borri, et al. (2014)
(see Section 5) and were asked to meet one of the authors one by one. After that, the author made
him/her fill out the survey on a laptop. Once the survey was ended, the author started interviewing
the respondent. During these interviews, the volunteers were asked about the strategy they adopted
for their choices, the factors that influenced their choices and general perception of the scenarios.

The main two strategies stated by the interviewees were:

e Strategy A: | have chosen the least crowded exit to evacuate as soon as possible;
e Strategy B: | have chosen the most crowded exit to evacuate with the majority of evacuees
(i.e. HB).

The results of these interviews are displayed in Table 3, which shows how many interviewees stated
to choose strategy A or B as their main strategy.

Table 3 — Results of the interviews

Strategy | Strategy | Other
A B Strategy ISI NSI SPT
N° of interviewee 8 5 1 6 0 7
Percentage 57% 36% 7% 43% 0% 50%

As can be seen in Table 3 the majority of interviewees followed strategy A. This is in accordance with
Table 2 (only 24.9% of respondent chose the most crowded exit more than 3 times). However, there
are some respondents that followed strategy B showing HB.

Table 3 includes also the number of people interviewed, who justified their own behaviours by using
instances of both the SIT and the SPT. Respondents who followed strategy B, stated that this is due to
the uncertainty related to the situation of choice. This uncertainty was due to the absence of
information about the places where the two doors lead (the two exits have no emergency light).
Respondents tried to fill this gap (to understand if an exit is useful to evacuate) looking at the other
evacuees involved in the hypothetical scenarios showing ISls. Some respondents stated also that they
chose the most crowded exit because they trusted in the choice of the majority according to the SPT.
Then, some respondents who claimed to follow strategy A sometimes chose the most crowded exit
when the least crowded one was completely empty exhibiting HB. They explained that this was due
to their uncertainty on the usability of the empty exit. None of interviewees stated to avoid the least
crowded exit because of fear to make a counter-cultural choice showing NSls. This could be due to the
fact that agents in the virtual environment could not see the respondent’s choices. Finally, the majority
of respondents, who stated to trust the information coming from the majority (SPT), stated also that
they understood that an exit was available as emergency exit because others were using it (ISI).

Therefore, it is possible to argue that the interviews confirmed that HB played a role in exit choices
and that HB is the main reason made respondents choose the most crowded exit. Therefore, in the
following part of this work, the authors assume the choice of the most crowded exit as an instance of

HB.

5.3 Modelling
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According to what is reported in section 5.1, some respondents chose the most crowded exits more
than other respondents did (see Table 2). This means that it is possible to define different herding
classes. This is performed by dividing the dataset (made up of 12 scenarios, see Table 1) into two parts.
The answers stated for scenario 4 and 8 are excluded since there is not the possibility to define the
most crowded exit. The remaining 10 scenarios are split into two blocks as shown in Table 1. The
answers stated for the first seven scenarios (block A) are used to estimate the binary logit whereas
the last three answers (block B) are used to define the herding classes.

The herding classes are defined according to the following rules:

e Respondents belonging to HC (High herding Class) are those who chose 2 or 3 times the most
crowded exit;

e Respondents belonging to MC (Medium herding Class) are those who chose 1 time the most
crowded exit;

e Respondents belonging to LC (Low herding Class) are those who chose 0 time the most
crowded exit;

Therefore, all respondents belonging to HC showed the highest inclination towards HB. On the
contrary, respondents belonging to LC showed the lowest inclination.

Table 4 provides a brief description of all the respondents who belong to the three classes by taking
into account the gender, occupation, and age.

Table 4 — Personal characteristics of the respondents for each class

HB Class Number of Respondents Gender Occupation Age
H 45 female:29% | Student: 60% | Mean: 26.5
M 55 female:27% | Student: 89% | Mean: 25.1
L 121 female:37% | Student: 78% | Mean: 25.5

A Chi-squared Test is used to verify if the herding aptitude is influenced by both gender and
occupation. The Krukal-Wallis rank sum test is then used to verify if the samples of age of the four
herding classes come from the same population.

Chi-squared Test shows that the null hypothesis (i.e. the variables are independent) can be rejected
only for the occupation (p-value=0.00) but not for the gender (p-value=0.34). Therefore, the herding
attitude is dependent on the occupation.

Krukal-Wallis rank sum test shows the difference of age between populations to not be significant (p-
value=0.60). Moreover, Figure 6 shows HC has a dispersion bigger than MC and LC.

At the end of this analysis, it is possible to say that the occupation is the only variable that influences
the herding level while age and sex do not influence it.
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A binary logit is estimated to predict the occurrence of HB during exit choice. The dependent variable
assumes a value of 1 if the most crowded exit is chosen instead of the least crowded one. The
proposed model includes both environmental and personal variables as independent variables.
Different model specifications were tested to find the one with better fitting and excluding variables
not statically significant (i.e. stepwise regression). On one hand, the environmental variables tested in
this study come from observations made by previous studies (Helidvaara et al. 2012; Nilsson 2009)
arguing that social influences can have a strong impact on exit choice. After a focus group session was
conducted by the authors, the final variables were chosen and tested in a previous study (Lovreglio,
Fonzone, et al. 2014) which proves that these statistically affect herding behaviour in exit choice. On
the other hand, the personal variables are all those collected during the survey (Lovreglio, Borri, et al.
2014). The variables eventually included in the proposed model are:

ENVIROMENTAL:

e DIF: difference between numbers of people close to the most crowded exit and the least
crowded one;

e NPEMIN: number of people close to the least crowded exit;

e NPDE: number of people close to the decision maker;

PERSONAL:

e HIGH: height of decision maker;

e SEX: gender of the decision-maker (M: male; F: female);

e STUD: dummy variable, equal to 1 when decision maker states to be a student;

e HC_DV:dummy variable, that is equal to 1 when the decision maker belongs to the High Class;

e MC_DV: dummy variable, that is equal to 1 when the decision maker belongs to the Medium
Class;
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A binary logit including herding classless is estimated and their parameters are shown in Table 5. The
deterministic part of the utility function related to the decision to choose the less crowded exits is set
to zero whereas all the variables are included in the second utility function (i.e. the one associated to
choice of the most crowded exit).

Table 5 — Binary Logit Models

Model: Binary Logit with Herding Classes Binary Logit without Herding Classes
Fitting Log likelihood fur?ction =-768.1862 Log likelihood fur?ction =-809.8934
RsgAdj =0.28 RsgAdj =0.24
Variable Coeff. P-value Coeff. P-value
DIF -0.030 0.027 -0.022 0.098
NPEMIN¢.s -0.091 0.002 -0.087 0.002
NPEMINE-ns -0.134 0.021 -0.059 0.182
NPEMINy -0.056 0.004 -0.048 0.010
HIGHwm.s -0.006 0.000 -0.005 0.000
HIGHm-ns -0.004 0.013 -0.001 0.449
HIGH: -0.004 0.002 -0.003 0.011
NPDM -0.059 0.021 -0.048 0.052
Hwm-s 1.438 0.000
Hm-ns 1.299 0.000
Hes 0.893 0.004
Hens 2.046 0.000
M 0.483 0.002

The introduction of the dummy variables (HC_DV, MC_DV) is an artifice used to differentiate the
probability of occurrences of HB for respondents having different herding aptitude. In fact, in Section
5.1 it is pointed out that there are groups of respondents, who were more likely to show HB. As it is
possible to expect, HC_DV and MC_DV are a positive constants increasing the probability of showing
HB for those decision-makers who do not belong to LC.

A second binary logit not including herding classless is also estimated to investigate the improvement
provided by HC_DV and MC_DV. This comparison points out that the herding classes improve the
predictability of the model (see the fitting values in Table 5). Moreover, the herding classes improve
the statistical significance of the parameters associated with some variables included in the model
(see the p-values columns in Table 5). In fact, some parameters of the logit not including herding
classes are not statistically significant whereas the proposed model (i.e. the one including herding
classes) has all p-value smaller than 0.05. It is plausible these parameters are not significant for
collinearity issues that are solved segmenting the respondents’ behaviours though the herding classes.

The model shows that the decision-making process is influenced by environmental and personal
variables and combinations of them. Systematic variations in decision-maker tastes due to gender and
occupation are observed. In fact, the estimated parameters can have different values according to
whether the decision maker is male (subscript M) or female (subscript F), and student (subscript S) or
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non-student (subscript NS). The model includes also a combination of this subgroup (i.e. M-S, M-NS,
etc.). For instance, subscription F-S means that the decision-maker is a female student.

6. Discussion

The model proposed in this work allows predicting the probability that an evacuee manifests HB during
exit choice. A preliminary description of the model can be done through the analysis of the signs of
the estimated parameters and the use of a conceptual framework introduced in Section 2.

The model shows that the probability of having an occurrence of HB decreases with the increase of
the difference between the number of persons close to the most crowded exit and the least crowded
exit (DIF). Ultimately what this means is that when this difference is very high, a decision maker prefers
the least crowed exit because the most crowded one could require high evacuation time. Therefore,
this parameter seems to explain also the trade-off between the inclination to choose the quickest exit
and the effects of uncertainty on the usability of the empty exit (i.e. respondents are not sure if it is
an available exit). In fact, when DIF is very high, the benefits offered by the least crowded exit (i.e.
quicker evacuation times) compensate the effects of the uncertainty that would lead the decision-
maker to choose the most crowded exit.

The model shows that also the number of people close to the least crowded exit influences the choice.
The greater the number of people close to the least crowded exit, the lower the probability of
exhibiting HBs. This trend is more evident for females (NPEMINEs or ns)> NPEMINM) and among the
female respondents for the non-student category (NPEMIN gns > NPEMIN (). Therefore, the model
highlights that occurrences of HB are more likely when there is any evacuee close to the least crowded
exit. This may be due to the higher level of uncertainty associated with that option as observed during
the interviews (see Section 5.2). This was also observed in a previous study reported in Lovreglio,
Fonzone, et al. (2014). On the contrary, the presence of a significant number of people close to the
least crowded exit (i.e. 2" scenario) may allow decision-makers to think that the exit is also available.

The model shows also that the number of people close to the decision maker (NPDM) reduces the
probability of displaying HB toward people close to the exit. This can be explained by the fact that the
decision-maker is already showing HB toward people close to him/her following the choice of people
around them rather than that of the people close to the door. However, this hypothesis cannot be
verified because persons who are near stand close to the decision maker and do not have a direction
toward which they can move.

The model shows that decision-makers’ personal variables influence directly the probability of HB. In
fact, the model shows that the probability decreases with the increase of decision-makers’ height even
though there are differences related to decision-makers’ gender (HIGHm-(s orns) 2 HIGHE) and between
employment statuses (HIGHm-s # HIGHwmxs). This means that taller people tend to avoid the most
crowded exit. This tendency could be explained using the conceptual framework introduced in Section
2. In fact, according to the literature, height could be an indicator of the level of self-confidence (Booth
2010; Judge & Cable 2004). Therefore, the shorter the decision-maker, the more a decision-maker
trusts the choice of the majority choosing the most crowded exit.

Finally, the probability changes according to the decision-maker’s classification into one of the three
herding classes (HC, MC, and LC). The classes are defined according to the inclination to choose the
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most crowded exit. Therefore, the result is expected. Nevertheless, Table 5 shows that: (1) considering
HB attitude improves the predictability of model; (2) there are significant differences between the
classes, even after environmental and physical characteristics are controlled. Consequently, there is a
latent factor (namely, herding aptitude) that characterizes decision-makers’ exit choice. However, in
this work, the only indicator of this latent factor is the amount of time a decision-maker takes to
choose the most crowded exit. Further studies are needed to have a better understanding of this
aptitude.

The following section describes a sensitivity analysis performed on the model to have a better
understanding of the results.

6.1 Analysis

A sensitivity analysis is performed to show the influences of the different variables on the probability
of HB in exit choice.

The influence of the herding classes defined in Section 5 is initially investigated. Figure 7 shows how
the probability decreases with an increase in the difference between, numbers of people close to the
most crowded exit and the least crowded one (DIF) for decision-makers belonging to different herding
classes (i.e. LC, MC and HC). The four curves refer to a male student decision-maker with a height of
170cm. The curves show that the probability of HB changes within the different classes. These curves
show how this model is able to differentiate the behaviour of decision-makers with different herding
attitude. These curves are also compared with that of the model proposed in Lovreglio, Fonzone, et
al. (2014) that shows an “average” single curve for all the decision makers. To highlight this
comparison, the scale of DIF is twice that used to calibrate the model (i.e. maxDIF=20).

The combined effect of the difference of the number of persons close to the most crowded exit and
the least crowded exit (DIF) and the number of people close to the least crowded exit (NPMIN) is
shown in Figure 8. This surface is referred to a male student decision-maker with a height of 170cm.
The surface shows that the probability of having an occurrence of HB decreases with both DIF and
NPMIN. This means, for instance, that in a scenario with 20 people close to the most crowded exit and
10 people close to the least crowded exit the probability of observing HB is higher than in a scenario
with 30 people close to the most crowded exit and 20 people close to the least crowded exit because
of negative influence of NPMIN (see Table 5). However, it is important to underline that this surface
shows results for a couple of independent variables (DIF, NPMIN) five times beyond the observed data
(i.e. maxDIF=20; maxNPMIN=10). Therefore, a user of this model should be aware that these results
could be different from the real behaviour, especially since data for bigger values of DIF and NPMIN
are not available so far.
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Figure 8 — Probability of a male student decision-maker with a height of 170cm belonging to class HC
exhibiting HB (see Section 5 for the definition of HC class; DIF: difference between numbers of
people close to the most crowded exit and the least crowded one; NPMIN: number of people close
to the least crowded exit; NPDM = 0)

6.2 Simulation
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An implementation of the proposed model (i.e. the one including herding classes) has been made by
using Unity3D to verify the predictability of the model. The geometry of the chosen scenario is shown
in Figure 9. The scenario includes 30 agents that have to choose between two exits. In the proposed
scenario, agents make an exit choice only once they pass through the first door on their path.
Therefore, the environmental variables (i.e. DIF, NPEMIN and NPDE) are evaluated for each agent
whenever it passes through the first door. Moreover, all the agents have same personal settings
(gender: male; high = 170cm; no-student and belonging to the class high). Ten simulations have been
run because the model is not deterministic and the outcomes of these simulations are proposed in
Table 6 (Video 2 shows the first of these simulations). Table 6 shows that the doors are not used in
the most efficient way. In fact, the maximum percentage (Max %) is quite far from the optimum values
(Max % = 50%) for which half of the agents choose the right hand exit and the other half the left hand
exit. Therefore, these simulations highlights that the proposed model can predict the creation of
gueues close to an exit due to HB.

(8s) (14s)
Figure 9 — Frames of the first simulation (see Table 6)

7. Conclusion

This work investigates the influence of HB in exit choice during emergencies. By using existing social
theories, an explanation of this behaviour is proposed. The results of this research point out that both
the SIT and the SPT can have a key role in explaining HB and prove that HB can be the result of a
rational decision-making process instead of an “irrational-panic” decision.
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An overview of the existing approaches used to model HB has been made which underlines the
weaknesses of these approaches. A new approach based on the RUT is proposed and compared with
the existing ones.

Table 6 — Outcomes of simulation (LE: agents evacuated through the left hand exit; RE: agents
evacuated through the right hand exit; Max %: percentage of people who evacuate through the
most crowded exit)

Simulation LE RE Max %
1 23 7 77
2 14 16 53
3 17 13 57
4 13 17 57
5 22 8 73
6 18 12 60
7 20 10 67
8 17 13 57
9 16 14 53
10 18 12 60

This new approach is applied using the data collected in Lovreglio, Borri, et al. (2014) through an online
survey aimed to investigate exit choices during emergencies. A behavioural model allowing the
prediction of the occurrences of HB in exit choice is proposed. The results of this model are different
from the existing models for different reasons. Firstly, the proposed model shows that both
environmental variables and personal ones affect the probability of occurrences of HB in exit choice.
Differently, most of the existing models confirm that HB is only related to the panic level of the
decision-maker. Secondly, the proposed model allows modelling the randomness characterizing
human behaviour in fire (i.e. behavioural uncertainty). Furthermore, the proposed model is data-
oriented since it was estimated by using data collected by 221 different decision-makers.

The proposed work underlines the existence of different aptitudes to herd among the respondents,
which in turn influences the probability of occurrences of HB in exit choice. In this work, the herding
classes shown in Table 1 are defined using the number of times the most crowded exit was chosen by
each respondent. Therefore, the development of a future new model could be useful to define herding
aptitude (seen as a latent factor) using the decision-makers’ personal variables and new indicators of
this latent factor (Lovreglio et al. 2015).

Finally, from a modelling point of view, the proposed model investigates HB for scenarios having only
two exits in an environment without any obstacle. This is due to the nature of data used to calibrate
of the proposed model (i.e. hypothetical scenarios defined in Lovreglio, Borri, et al. (2014)). However,
the RUT can also provide a modelling solution for more complex situations including more than two
exits (using, for instance, the multinomial formulation (Train 2009; Hensher et al. 2005)) and other
factors affecting the choice (such as obstacles that can limit evacuees’ visibility). The main issue to
estimate models for more complex scenarios is still the availability of actual evacuations or
experimental data. Therefore, future research is necessary to collect new data in which evacuees have
to face more complex hypothetical scenarios. This could be done by performing new stated or
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revealed preference studies through the use of new immersive or non-immersive virtual reality
technologies (Ronchi et al. 2015; Lovreglio, Ronchi, et al. 2015a).
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