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Estimating Choice Models to Quantify
the Effect of Herding on the Decision
to Evacuate: Application of a Serious
Gaming Experimental Setup

Mignon Van den Berg', Rob van Nes', and Serge Hoogendoorn'

Abstract

Insight into factors influencing the choices people make in case of an evacuation from a natural disaster can help governments
and emergency management personnel to manage people in case of such a situation. One of the aspects that influences
the choices that people make in such a situation is herding. Since herding has not been quantified, this paper focuses on
quantifying the effect of herding on the decision to evacuate by using an experimental setup that is based on the serious
game Everscape. Around 400 people participated in |3 experiments with this setup. Choice models were estimated with the
data from these experiments by including observable characteristics of herding as an attribute into the utility function. It is
concluded that an important step is made in quantifying herding. It is shown that the more people someone sees leaving, the
more inclined this person is to leave. Seeing people leave has more impact than seeing people stay. When people have no
information from official sources, they tend to use other people as a source of information. In case of a disaster, this might
result in following people who make the situation even more dangerous (for themselves and possibly for others as well).
The information provided by official sources is therefore essential in managing people in the best possible way in case of a

natural disaster.

It is known from research that many different aspects influ-
ence the decision to evacuate or not in case of a natural disas-
ter, for example, disaster characteristics, instructions, and a
person’s social situation. In the case of a hurricane, for
instance, people are more likely to evacuate when the storm
is more severe (/, 2). When people receive evacuation
instructions that are directed to them personally, they are
more likely to evacuate than when these instructions are not
personally directed (3). With respect to a person’s social situ-
ation, the household especially has an impact on the mobility
patterns (4).

In case of an evacuation, people may also be influenced
by the behavior of other people, and copy this. Ariely con-
siders this to be herding behavior, and defines it as seeing
other people doing something and believing that what they
are doing is a good alternative, resulting in doing the same
thing (5). With animals, herding leads to having anti-preda-
tor or foraging benefits (6—10). With people, individualism
allows people to detect a good solution; for example, in the
case of an evacuation from a building, people are able to
detect the exits. Herding might lead to the imitation of suc-
cessful alternatives (/7). To the authors’ knowledge, the
effect of herding on evacuation choices has not been quanti-
fied empirically.

Doirado et al. and Van den Berg et al. described the devel-
opment of an experimental setup using the 3D multi-user
virtual environment (or serious game) Everscape, in which a
group of people participates simultaneously (/2, 13). A seri-
ous game is defined as a game which is used for other pur-
poses than pure entertainment. In this case it is used for
research, but it could also be used for education or training
purposes (14—16).

Everscape consists of a virtual island, where an avatar is
appointed to each participant. With this avatar, each partici-
pant can walk and drive around on this island. He or she can
also see the other avatars and what they are doing. Beforehand,
participants know they will go to this island to see a concert
but during this concert there is an earthquake and they have
to evacuate for a tsunami. The authors believe that the exper-
imental setup using Everscape is a suitable technique to
quantify the effect of herding on the decision to evacuate.
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Figure |. Impression of the concert area in Everscape.

The main objective of this paper is therefore to quantify
the effect of herding on the decision to evacuate with the use
of the experimental setup with Everscape. More specifically,
the study aims to answer two specific research questions:

1. Does herding behavior influence the decision to
evacuate?

2. If herding influences the decision to evacuate, how
does it work?

To answer the research questions, the research approach
consists of several steps. The experimental setup using
Everscape is developed to focus on quantifying the effect of
herding. Choice models are subsequently estimated with the
data from the Everscape experiments to answer the research
questions. Finally, the conclusions and recommendations for
further research are presented.

Data Collection with Everscape

The experimental setup with Everscape at its core was
designed to focus on quantifying the effect of herding on the
decision to evacuate. The setup consisted of three parts: an
introduction, the experiment with Everscape, and filling in a
questionnaire.

Everscape Tool

In Everscape, which was created in cooperation with the
National Institute of Informatics (in Tokyo, Japan), the con-
sidered scenario is as follows: people arrive on an island by
helicopter and upon arrival they all take a car and drive to a
concert themselves. For an impression of the concert area,
see Figure 1. When all people are at the concert, an earth-
quake is triggered.

The earthquake consists of shaking of the ground and a
rumbling sound. As a result of the earthquake, the concert
stage partly collapses. After the earthquake, there is a moment
of silence, followed by a news item, which informs people
they have to evacuate the island because of a tsunami that will
soon arrive. In the news item, they are instructed to travel
back to the helicopter and they are informed about their travel
options: a direct train connection and two options by car. By
car, they can drive via a short route along the beach and a
longer route through the mountains. The news item abruptly
ends. Those who are not able to make it to the helicopter on
time do “not survive.” After the news item, the expected
arrival time of the tsunami is shown throughout the rest of the
scenario. For an impression of the Everscape scenario, see the
movie of one of the first experiments online (/7).

Setup of Everscape Experiments

The full experimental setup consists of three parts. These are
explained below.

Part I: Introduction to Experiment. Upon arrival at the experi-
ment, each participant sat down behind a computer. At their
computer they found a set of documents. The first document
included their participant id, which they had to use through-
out the entire experiment. They also had to sign this docu-
ment before the start of the experiment, stating they
participated voluntarily and the researchers could use the
data anonymously. Parents of participants younger than 18
had to sign this form for them. The second document included
a brief description on how to use the controls during the vir-
tual part of the experiment with Everscape.

When every participant had signed his or her informed
consent form, an introduction was given to the participants.
In this introduction, it was explained that the experiment
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consisted of a virtual part and a questionnaire. In the virtual
part, they would visit an island to see a concert. They would
arrive on the island by helicopter and then each of them
would have to drive to the concert by car. The introduction
included a short demonstration on how to use the controls.

Part 2:Virtual Experiment with Everscape. The second part of
the experiment was the actual experiment with Everscape.
During this part of the experiment, one person was managing
the process. This same person gave the introduction. A sec-
ond person was behind the admin computer to see if every-
thing went well and to give a sign when everyone was at the
concert area. When this was the case, the earthquake was
triggered. Two extra people were in the room to help if there
were any questions.

Part 3: Questionnaire. After the virtual experiment with Ever-
scape, each participant filled in a questionnaire, which
included questions on their socio-economic characteristics,
their computer and gaming experience, their experience with
(evacuations from) disasters, and questions on what they did
during the virtual experiment and why.

The Experiments and the Participants. In total, 13 experiments
were conducted with on average 27 people per experiment.
The first two experiments were with students only, who were
recruited via a student employment agency. Because of tech-
nical problems, it was decided to first do experiments with
students only. When this worked, other people were invited
for the rest of the experiments.

To recruit the other participants, announcements were
placed at the website of Delft University of Technology, at
the website of the Faculty of Civil Engineering and
Geosciences, via the news paper of Delft University of
Technology (Delta), via a local newspaper (Delft op Zondag),
via a local radio station (Omroep West), and on social media
(LinkedIn, Facebook, and Twitter). The announcements
stated that the study was going to test a new type of experi-
ment for research on travel choice behavior. Nothing was
said about disasters or evacuations. Participants could regis-
ter via a website and choose their preferred day and timeslot.
They all received a €25 gift check after participation. Except
for the first two experiments in which only students partici-
pated, in the other experiments a mixed population took part,
with ages ranging from 12 to 78 and around an equal share of
men and women. Because of technical limitations the maxi-
mum number of participants was fixed to 38. This resulted in
five more experiments than originally planned but with fewer
people per experiment.

Available Data

After the experiments, the available data consisted of two
datasets. The first dataset included data from the virtual
experiment with Everscape. The second dataset included

data from the questionnaire. In Everscape, the behavior of
each participant was closely monitored during the virtual
experiment (/3): “the data were collected at a 1.0 (s) time
and ata 0.1 (m) position resolution along with viewing direc-
tions (resolution of 1). Furthermore, the following data from
the events that occurred were logged:

e starting time of the earthquake

e timing of the tsunami

e departure time of the train

e departure time of the helicopter

e when a participant got in/ out of a car, the train, or the
helicopter”

To link the Everscape data to the questionnaire, each par-
ticipant received a participant id. They filled this in before
both parts of the experiment.

Approach to Quantify Effect of Herding
on Evacuation Decisions

Before discussing the approach to quantify the effect of herd-
ing, the mindset of the participants during the experiments
was considered. As data were collected with a serious game,
the question could be if people participated seriously. During
the experiments nothing was said about a game; the partici-
pants were informed that they took part in an experiment
with a virtual part. To find out how their mindset was, the
authors asked about participants’ goals during the Everscape
part of the experiment and also looked at the trajectory data.
Of every participant their goal was to, for example, “survive”
or “get back to the helicopter.” The trajectory data showed
that all participants at least tried to evacuate. From this, it
was concluded that the participants were taking the experi-
ments seriously.

Every participant evacuated the concert area. The differ-
ences were the characteristics of the situation they were in
before they evacuated. For example, did people leave before
they had received the information and instructions via the
news item, or did they leave after they had received this?
How many people did they see and what were these people
doing?

To quantify the effect of herding on the decision to evacu-
ate, (discrete) choice models were estimated. As discussed
earlier, with herding, it is the behavior of other people that is
copied. It was therefore decided to quantify the effect of
herding by including the actions of other people. This makes
it possible to use observable characteristics of herding as an
attribute into the utility function.

The herding phenomenon involves the behavior of other
people, but it is not known how this exactly works: what do
people actually see? Do they see other people leaving or
staying (or both)? Do they see this in a split second or over a
longer period? And when do they make the decision to evac-
uate? Is this a continuous decision process or not? The



Transportation Research Record 00(0)

stay
/\.
dep stay
—
dep stay
A/\A
dep stay
./\.
dep stay
/\-
dep stay
'

Figure 2. Decision tree on staying at and leaving the concert
area.

moment that each participant left the concert arca was
known. This was used as the basis, and it was decided to use
a systematic approach to consider herding and cover a range
of possibilities of the herding phenomenon.

To include observable characteristics of herding as an
attribute into the utility function, the Everscape data had to
be processed. After this process, it was known, per partici-
pant, when he or she started to leave toward the exit of the
concert area. Also known per participant and per second was
the numbers of people that were seen while they were stay-
ing at and leaving the concert area.

To make it possible to estimate choice models, it was
assumed that people also decided to stay. Figure 2 shows the
decision tree that has been used.

Figure 3 shows a sequential choice process with one
departure choice (D) and six assumed stay choices (S).
Intervals of 5 seconds were added between the choices to
make sure there were intervals with different characteristics,
for example, different numbers of people that were seen but
also differences in what was happening in the Everscape sce-
nario itself.

To include the actions of other people in a systematic way,
the authors wanted to cover a range of options on what par-
ticipants might have observed. Therefore, different observa-
tion times were included. Note that Figure 3 only shows the
observation times before the departure choice moment; data
were also calculated for the stay choice moments.

An observation time of 5 seconds, for example, means
that within the 5 seconds prior to the decision to leave, the
numbers of unique people that were seen within that time
frame were calculated. As with the interval times, the obser-
vation times were also chosen in a systematic way to cover a
range of options. Because of the duration of the Everscape
scenario and the duration of the different phases in Everscape
(before the earthquake, during the earthquake, during the
news item, after the news item), a maximum of 30 seconds of
observation time was used.

Choice models were estimated with Biogeme (/8) in two
steps. Step 1 of the choice modeling process involved esti-
mating binary choice models, which included herding as an
attribute in the utility function. See Equation 1 for the utility
function representing the choice to leave the concert area and
Equation 2 for the utility function representing the choice to
stay at the concert area. Both utility functions consist of an
alternative specific constant (ASC), which was fixed in UStay
to easily compare both utilities and find out if people were
inclined to leave or stay. The herding attribute is . The anal-
ysis was focused on the ASCs, Bs, adjusted p?, and final
log-likelihood:

- \ i \

5s 5s 5s

>

5s

° o —
T |
35 — choices

Interval times
: . (1)
5

Ugep = ASCyep + B, x attribute, (1)
between
5

Observation
— times before
each choice

(0)

N 305

Figure 3. Herding data used to estimate the choice models.
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number of choices included in the
choice model [ 1D & 65 ][ 1D & 35 ][ 1D & 25 ][ 1D & 15 ]
(D = choice to leave, S = choice to stay)
v 4
\‘
0515Vl 05.15.IV 05.15.11 05.15.11
05.110.V 05.110.11 05.110.11
05.115.111 05.115.11
010.110.V 05.120.11
g . 010.110.111 05.125.11
observation times before the choices 010.115.111 05.130.11
(0)
010.110.11
interval times between the choices 010.115.11
0] 010.120.11
010.125.11
number of choices included 01013011
(1, 1, v or Vi) 020.120.1
020.125.11
020.130.11
030.130.11

Figure 4. Step | of choice modeling process, structured approach to determine herding.

U, ASC

stay = stay (2)
Figure 4 shows all different choice set combinations of
staying at (S) and leaving the concert area (D). Depending on
the choice set, different combinations of observation and
interval times were considered. For example, O5.15.11 means
that two choices are included (one departure choice and one
stay choice) for an observation time (O) of 5 seconds before
each choice and an interval time (I) of 5 seconds between the
choices. No overlapping observation times were included to
consider every different action of each person once.

Step 2 of the choice modeling process involved estimat-
ing latent class models to find out if a segmentation on herd-
ing can be made based on other characteristics. To find out if
personal characteristics influenced herding, age and gender
were considered. To consider the effect of the situation, the
news item was used. This meant determining if people had
received information through the news item or not before
their decisions to stay and leave. Finally, to find out if gam-
ing experience caused a bias in the results, this is considered
as well.

With latent class models it is assumed that different
classes exist that each have homogeneous preferences. The
classes cannot be observed, and emerge from the estimation
process. A separate set of parameters (of multinomial logit
[MNL] type) is estimated for each class.

Before discussing the results in detail, it should be stressed
that the panel effect was considered to find out if the choices
from the same person were correlated. Based on too high
p-values, it was concluded that there was no panel effect.
Therefore, the panel effect is not considered later in the
choice modeling process.

Estimation Results on Herding Effect
on Decision to Evacuate

This paper discusses a selection of the results from the esti-
mated choice models, for a complete overview, see Van den
Berg (Chapter 5) (19). The results of the two steps introduced
in Chapter 3 are here.

Step 1 focuses on determining if and how herding works.
How often do people make the decision to stay or leave? Do
they consider other people that stay or leave (or both)? What
is the effect of observation time before the decision to stay or
leave, and what is the effect of different interval times
between choices? Step 2 will discuss the results of latent
class models to find out if a segmentation on herding can be
made based on age, gender, and information via the news
item. Gaming experience is considered to find out if it caused
a bias in the results.

Results of Step I: Structured Approach to
Herding Phenomenon Modeling

In the first step of the choice modeling process, the goal was
to find out if herding exists and, if so, how it works. Tables
1-4 show the results for (Part A) the effect of the number of
included choices, (Part B) the effect of seeing people leave
versus seeing people stay, (Part C) the effect of observation
times before each choice, and (Part D) the effect of interval
times between choices. The p-values are included between
parentheses.

With respect to the number of included stay choices, Part
A (Table 1) shows that when more choices are included, the
adjusted p? and the final log-likelihood increase. Because the
sizes of the datasets that are used to estimate these four
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Table I. Results of Step |, Structured Approach to Determine Herding: Part A

A. The effect of including a different number of stay choices

O5.15.11 OS5.15.11 O5.15.1V O5.15.vil
Tobs =5 Tobs =5 Tobs =5 Tobs =5
Tine=5 Tine =5 Tine=5 Tine =5
2 choices 3 choices 4 choices 7 choices
Adjusted p? 0.011 0.093 0.201 0.417
Final log-likelihood -561,770 -773,305 -908,094 -1,161,422
ASCNST Ay 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
ASC e -0.159 (0.05) -0.856 (0.00) -1.28 (0.00) -1.96 (0.00)
DEPS 0.261 (0.00) 0.269 (0.00) 0.307 (0.00) 0.289 (0.00)
Note: The p-values can be found in parentheses.
Table 2. Results of Step |, Structured Approach to Determine Herding: Part B
B. The effect of seeing people stay versus seeing people leave
O5.15.11 O5.15.11 O5.15.VIl O5.15.vil
NDEP5 NSTAY5 NDEP5 NSTAY5
Tobs = 5 Tobs = 5 Tobs = 5 Tobs = 5
Tine =5 Tine =5 Tine =5 Tine =5
2 choices 2 choices 7 choices 7 choices
Adjusted p? 0.011 0.003 0417 0.407
Final log-likelihood -561,770 -569,740 -1,161,422 -1,179,891
ASCNST Ay 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
ASCNDEP -0.159 (0.05) -0.0128 (0.89) -1.96 (0.00) -1.80 (0.00)
STAYS n.a. 0.00466 (0.82) n.a. 0.00242 (0.87)
DEPS 0.261 (0.00) n.a. 0.289 (0.00) n.a.
Note: The p-values can be found in parentheses.
Table 3. Results of Step |, Structured Approach to Determine Herding: Part C
C. The effect of different observation times
O5.130.11 O10.130.11 020.130.11 030.130.11
Tobs = 5 Tobs = 10 Tobs = 20 Tobs = 30
Tine = 30 Tine = 30 Tine = 30 Tine = 30
2 choices 2 choices 2 choices 2 choices
Adjusted p? 0014 0.008 0.005 0.006
Final log-likelihood -559,543 -563,457 -564,896 -564,432
ASCNST Ay 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
ASCNDEP -0.176 (0.03) -0.143 (0.08) -0.141 (0.09) -0.157 (0.06)
0.300 (0.00) 0.201 (0.00) 0.154 (0.00) 0.142 (0.00)

NDEP5

Note: The p-values can be found in parentheses.

models are different, the only option to compare the models
is to find out if the results are consistent. The most important
result is that even though people were inclined to stay at the
concert area (ASCNDEP is smaller than ASCNSTAy), the posi-
tive value for BNDEP s shows that the more people they saw
leaving, the more inclined they were to leave themselves.
The results of these models are consistent in confirming
herding.

Part B (Table 2) presents the results for determining the
effect of seeing people leave versus seeing people stay. The
results are shown when including two choices in the dataset
(columns 1 and 2) and when including seven choices (col-
umns 3 and 4) in the dataset. Columns 1 and 3 show the
results when only the number of people seen that were leav-
ing are included; columns 2 and 4 show the results when only
the number of people seen when they were staying are
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Table 4. Results of Step |, Structured Approach to Determine Herding: Part D

D. The effect of different interval times

Os.110.1 OS.I15.1 O5.120.11 O5.125.11
Tobs =5 Tobs =5 Tobs =5 Tobs =5
Tine = 10 Tine =15 Tine = 20 Tine = 25
2 choices 2 choices 2 choices 2 choices
Adjusted p? 0.012 0.024 0.014 0,017
Final log-likelihood -560,761 -554,375 -559,990 -558,279
ASCNST Ay 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
ASCNDEP -0.174 (0.03) -0.225 (0.01) -0.178 (0.03) -0.183 (0.02)
DEPS 0.288 (0.00) 0.405 (0.00) 0.299 (0.00) 0.321 (0.00)
ASCNDEP / ,BNDEPS 0.604 0.556 0.595 0.570

Note: The p-values can be found in parentheses.

included. Because of differences in sizes of the datasets, col-
umns | and 2 can be compared, and columns 3 and 4 can be
compared. From comparing columns 1 and 2, seeing people
leave has more effect than seeing people stay. This is con-
firmed by comparing the results of column 3 with column 4
(ﬁNDEPS is larger than ﬁN STAYS)' Throughout the rest of the
choice modeling proces of Step 1, the focus is on including
the people that were seen while they were leaving.

To find out how much observation time is considered,
Part C (Table 3) shows four modeling results when different
observation times are included. The interval times and num-
ber of included stay choices are consistent over these mod-
els. Based on the adjusted p? and the final log-likelihood, the
model that performs best is the model with an observation
time of 5 seconds. This suggests that the last few seconds
before the decision is made influences this decision the
most.

Part D (Table 4) presents the final aspect of Step 1 of the
choice modeling process, which is the effect of interval
times. When considering different interval times between the
choices to stay and leave, the situation that influenced these
choices was more likely to be different before these choices.
When the choices were closer together, the situation of the
Everscape scenario was more similar and it was more likely
that only herding was different as an influencing factor.
Differences in adjusted p? ASC o and ﬁNDEPS can be found
for the different models. No behavioral conclusions can be
drawn from this. It might be a coincidence, but it might also
be related to the result that all participants left. To determine
if a segmentation can be made based on herding, latent class
models were estimated.

Results of Step 2: Estimated Latent Class Models

To find out if a segmentation could be made based on herd-
ing, latent class models were estimated. A selection of the
results is presented in Table 5. For more results, see Van den
Berg (Chapter 5) (/9). The assumption with latent class mod-
els is that different classes exist that each have homogeneous

preferences. The classes, with each a separate set of MNL-
type parameters, emerge from the estimation process and
cannot be observed.

In all cases both NDEP5 and NSTAY5 are included, so
the number of people seen while they were leaving and stay-
ing within the last 5 seconds before the decision to stay or
leave was made. The different columns show the results for
estimated latent class models with a segmentation on age,
gender, information via the news item, and gaming experi-
ence. Age and gender are considered to find out if certain
types of people respond differently, and information via the
news item is considered to find out what the effect of infor-
mation is. Gaming experience is considered to find out if it
caused a bias in the results, which is undesirable.

According to Akaike’s Information Criterion (AIC), the
lowest AIC (0.807) is for the model NEWS. This means that
the effect of the news item determines class membership
more than age, gender, and gaming experience. There are
two classes in the model. The people in class 1 are influenced
by the behavior of other people, while people in class 2 are
not influenced by this behavior. These results show the effect
of the news item. Before the news item, participants were
more likely to follow than after the news item. This makes
sense, because before the news item, the participants did not
have any information and “used” other people as a source of
information.

The shares are about 25% and 75%, meaning 25% of the
participants are part of class 1 and could be defined as the
followers. This model shows (and confirms models in Step
1) that seeing people leave has more impact than seeing peo-
ple stay.

The results of Step 1 on the effect of interval times, sug-
gested that herding occurred because everyone left. However,
the latent class results of Step 2 showed the effect of infor-
mation on herding. It more specifically showed that herding
exists when there is no information. In that case other people
are a source of information. The other participants who left
did not leave because they were following; they were more
likely to leave as a result of the information and instructions
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Table 5. Results of Step 2, Latent Class Results on Herding with Class Membership

Membership attribute Age Gender News Gaming exp.
MNL — Log-likelihood function -1,160,002 -1,160,002 -1,160,002 -1,160,002
MNL — Inf.Cr.AIC .808 .808 .808 .808

LC — Log-likelihood function -1,152,762 -1,154,278 -1,152,213 -1,154,293
LC — restricted log-likelihood -1,160,002 -1,160,002 -1,160,002 -1,160,002
LC — Significance level .399 1.000 .029 121

LC — McFadden Pseudo R-squared .002 .000 .007 .005

LC — Inf.CrAIC .809 .824 .807 .808
Constant 1.90 (.00) 1.90 (.00) 1.90 (.00) 1.90 (.00)
NDEP5 -.32 (.00) -.32 (.00) -.32 (.00) -.32 (.00)
NSTAY5 0.03 (.10) 0.03 (.10) 0.03 (.10) 0.03 (.10)
Constant class | 13.90 (.29) .06 (.95) 2.69 (.19) 7.37 (.28)
NDEPS5 class | -17.03 (.29) -1.20 (.04) -4.30 (.06) 27.38 (1.00)
NSTAYS class | 1.04 (.33) .13 (.20) .22 (.00) -34 (41)
Constant class 2 1.83 (.00) 7.34 (.29) 1.74 (.00) .05 (.95)
NDEP5 class 2 -.08 (.56) 34.90 (1.00) 2.66 (.56) -1.21 (.03)
NSTAYS class 2 .02(.23) -.33(.42) .02 (.50) A3 (.16)
ONE] -1.08 (.06) -94 (.24) -.85 (.00) .98 (.12)
AGE[, GENDERI, NEWSI, GAMEI -04 (.12) -.02 (.86) -.46 (.02) -11d-04 (.96)
ONE2 Fixed Fixed Fixed Fixed
AGE2, GENDER2, NEWS2, GAME2 Fixed Fixed Fixed Fixed
Class | Pr .10 27 .25 73
Class2Pr .90 93 .75 27

from the news item. The modeling results show that a seg-
mentation on age, gender, and gaming experience is not pos-
sible (see especially the p-values in parentheses).

Conclusions and Recommendations

The main objective of this paper was to quantify the effect of
herding behavior with the use of the experimental setup with
Everscape. Based on the results, it is concluded that an
important step is made in quantifying herding with empirical
research.

The first question was if herding behavior influences the
decision to evacuate; and if so, the second question was: how
does this herding work? To answer these research questions,
several conclusions are drawn in this paper. From the esti-
mated choice models, it can be concluded that herding influ-
enced the decision to leave the concert area and therefore the
decision to evacuate. The models showed that people were
inclined to stay at the concert area but when they saw others
leaving, they were inclined to leave as well. The results seem
to imply that herding is impulsive because, especially within
the last few seconds before the decision to leave, herding
influenced this decision.

Latent class models were estimated to find out if a seg-
mentation on herding could be made. The results showed that
the effect of information is especially important. When peo-
ple have no information, they tend to use other people as a
source of information and copy their behavior. This might be
positive when “good” behavior is copied. In case of a disas-
ter, it might also happen that people are followed who move

toward a disaster instead of away from it. It is important in
practice to provide people (if possible) with information and
instructions to control or manage a disaster as much as
possible.

As an important step is made in quantifying the effect of
herding, several recommendations for further research are to
be made.

Experiments in Known Environments

In real life, when a natural disaster occurs, people are usually
in known environments. With Everscape, everyone had the
same prior knowledge, which is useful for excluding the
effect of this prior knowledge. The effect of herding behavior
might be different when people are in a known environment.
When people are in a known environment, they probably
have more knowledge on their evacuation options, which
might have a different effect on herding. Collecting data in
known environments could provide insights on this.

More People Taking Part in the Same
Experiment

In the Everscape environment, the maximum number of peo-
ple participating at the same time was fixed at 38 because of
technical limitations. Increasing the number of people could
provide extra insights. In real life, especially in large-scale
events such as concerts, emergency management personnel
need to know how they can influence and manage people in
case of a stressful situation. Knowledge on how people
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influence each other will provide insights on which informa-
tion to provide to whom, and how.

Measuring Stress Levels

A natural disaster is a stressful situation. The effect of the
stress levels that people experience might also influence
their behavior. Knowing how much stress people experience,
for example by measuring heart rates, could show differ-
ences in the effect of herding on evacuation choices.

Measuring Viewing Directions

The number of people that were seen, including if they were
staying at or leaving the concert area, was based on the view-
ing directions. It remains unknown if participants were actu-
ally considering this. Adding eye trackers could help in
finding out what people were actually looking at and consid-
ering for their choices.

Different Setup of the Choices

For the choice modeling process a structured approach was
used. It could be useful to find out what the effect would be
of a different setup, for example, when including the situa-
tion of the Everscape scenario in the choice itself. The
choices could then be to leave before the news item or to
leave as a result of the news item. This was tested, but the
available dataset was too small. It would be recommended to
collect more data to use this setup of the choices.

Different Type of Model

The herding phenomenon involves the behavior of other
people, and as it is not known how this exactly works, it was
decided to start with basic choice models and use a system-
atic approach to cover a range of possibilities of the herding
phenomenon. A useful next step and different type of
approach with the data could be to use a continuous duration
model in which a hazard function could capture the probabil-
ity of leaving after a certain time. Characteristics of the par-
ticipants as well as the situation can then be included.
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