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Abstract - Evacuees are likely to respond and move forming groups. However specific data about grouping is
generally unavailable and the relationship between response and movement times and specific groupings are
unknown. Using a simple method, we measure behavioural cohesion of occupants during evacuation processes. The
case study involves using the method in a bus station, a sport centre and a library. Results suggest that proximity
(visual/verbal contact) is an important factor but not decisive in the formation of evacuation groups. Social ties and
whether occupants share a target and/or an activity before the alarm are also deemed to be important factors. This
study provides an exciting opportunity to advance our knowledge of social influence and group formation during
evacuation.
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1. Introduction

Primary questions concerning collective behaviour during the evacuation process include how
individuals reach a consensus and form groups and how this impacts life safety. It is known that
individuals are influenced by others. This can also happen in response to ambiguous threat cues [1].
Collective behaviour can occur whenever people are confused or do not know what to do. Individuals
work together to redefine the situation and propose a new set of actions, which is the product of the
milling and keynoting process [2]. Several studies have shown that people behaviour in emergencies
tends to be cooperative [3, 4]. The common identity in response to the same threat would explain this.
Evidence and theories support the idea that individuals form a group before evacuating and then continue
their evacuation together until they reach safety [5].

Despite collective behaviour being important, most current evacuation models simulate agents as if
they were not influenced by others. One agent can start the evacuation while others remain in the same
room/place. In other words, no social influence is represented. There are methods for modelling the
collective behaviour. However, to the authors’ knowledge, this is not supported by empirical data. A
quantitative method to measure collective behaviour in evacuees proposed in [6] is here applied to three
evacuation scenarios to test its validity.

2. Method
2.1. Formulation

Collective evacuation behaviour denotes a reduction in the behavioural variability of individuals. Let
X be a continuous behavioural random variable. Hence, the smaller the statistical dispersion of the
variable X intragroup, compared to the statistical dispersion of the same variable X in all groups, the
greater the collective behaviour. This can be expressed by the following statistical hypothesis:

Hy: UCV; < LCV,
H,: UCV; <« LCV,
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Where UCVi is the upper confidence interval for the coefficient of variation (CV) of X variable for
the i-th potential evacuation group defined as a number of people who are located, gathered of classed
together before the evacuation and LCV7 is the lower confidence interval for the coefficient of variation
(CV) of X variable for all the potential groups. There are various methods for estimating the confidence
interval for a population CV [7, 8]. We propose to use the Median Modified Miller Estimator (Med
Miller) [9, 10] and the Median Modified Curto and Pinto’s with iid assumption (Med C&P) [11] since
skewed distributions are likely to be obtained and the variability can be measured in terms of the median
rather than the mean. If the null hypothesis fails to reject, then we have preliminary evidence of collective
behaviour among the members of the potential group. Then, we can go a step beyond and measure the

behavioural cohesion of group members by:
cv;

YB; = 1—ﬁ (2)
t

Where CV; is the coefficient of variation of the X variable in the i-th group and CV; is the coefficient
of variation of the same X variable of all groups in the evacuation scenario. The higher the yp,

coefficient the higher the cohesion (i.e. a value of 1 represents a perfect synchronization of group
members). It is also possible to introduce a new variable (¥g) to characterize the degree of behavioural

cohesion for a given evacuation scenario:
m

1
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Where 7 is the number of occupants in the evacuation scenario, m the number of evacuation groups
in the evacuation scenario and »; the number of members for the i-t group.

2.2. Cases of study

The case study involves three evacuation scenarios: 1) a bus station, 2) a sports centre and 3) a
library. These scenarios represent different geometries, population distribution and activities performed
by people before the evacuation.

The first scenario consisted of an evacuation experiment in an underground bus station in Madrid,
Spain. In total 18 trials were conducted to analyse the people response to a terrorist attack. However, only
one of these trials is analysed in this paper. In total 74 participants took part in the trial (average age 40.4
range 19-67). Between 6 and 9 participants were randomly assigned to the 10 boarding gates (see Fig. 1).
The second scenario involved an unannounced evacuation drill in a sports centre at the University of
Cantabria, Spain involving 78 naive students. Fig. 2 shows the distribution of occupants within the
building before the alarm. The third scenario comprises an unannounced evacuation drill in a library of
the Faculty of Economics and Business at the University of Cantabria, Spain with 33 naive students. Fig.
3 shows the initial distribution of the students in the library before the alarm.

The potential groups for the analysis were predefined by authors according to their initial location
within the building i.e. occupants were likely to interact with each other and/or whether they share a
target and/or an activity before the alarm. Video-cameras were used for the data collection. The following
variables were considered to measure the group behaviour of the bus station and the sports centre: the
response time (#.;) defined as the time from the sounding of the alarm to deliberate evacuation movement
(s) and the exit time (%) defined as time from the sounding of the alarm to leaving the building by an
exit (s). For the library, only the response phase of evacuation was measured (i.e. we did not have enough
time to cover the exits with the video-cameras). The variables measured were: the recognition time (Zec)
defined as the time from the sounding of the alarm to the first response action such as collect belongings,
shutdown laptop, etc. (s) and the response time (f.s) the same as above. The defined variables were
measured manually using an image processing software frame by frame. Datasets were transcribed into a
spreadsheet for further analysis.
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Fig. 1: Initial distribution of participants in the bus concourse before the alarm (G1=6; G2=7; G3=6; G4=8; G5=7,
G6=06; G7=9; G8=9; G9=7 and G10=9). All participants were waiting told to act as if they were waiting for the bus.
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Fig. 2: Initial distribution of occupants in the sports centre before the alarm (G1=11 occupants playing football;
G2=9 occupants playing badminton; G3=11 occupants working out Cross Fit; G4=32 occupants in the gym; G5=6
occupants dancing and G6=9 occupants doing yoga).

240



Proceedings from the 9th International Conference on Pedestrian and Evacuation Dynamics (PED2018)
Lund, Sweden — August 21-23, 2018

Level 1

Level 0

Fig. 3: Initial distribution of occupants in the library before the alarm (G1=10; occupants reading; G2=10 occupants
reading; G3=13 occupants using computers).

3. Results

The aim of this section is to determine quantitatively the collective behaviour of evacuees involved in
the three different evacuation scenarios. It should be noted that people reached a consensus decision
regarding the direction of evacuation in the bus station and the sport centre i.e. people from the same
predefined group used the same exit. This is a conditio sine qua non for the application of the proposed
method. Fig. 4 shows the maximum, minimum and mean values of the measured variables for each
potential group allowing a preliminary visual information of the current analysis.
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Fig. 4: Range and mean values of the variables measured for each potential group of the three evacuation scenarios.
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The variability relative to the mean of data observed in the bus station differs from potential group to
potential group (for t., CVi=0.23; CV=0.37; CVa:=0.45; CVs=0.25; CVg5=0.26; CVg=0.41;
CVs7=0.27;CV5=0.18;CV0=0.40;CV10=0.74 and for fex CVG=0.10; CVs=0.17; CV3=0.06;
CVG4=O. 17; CV(35=0. 19; CVG6=O.15; CVG7=O.20; CVGg=O.24; CVG9=O. 10; CVG1020.60). The data
collected reveals in general low variability relative to the mean in the sport centre during the response phase
(for tres CV1=0.06; CV,=0.02; CV3=0.03; CV4=0.06; CVs5=0.37; CV6=0.08) and the movement phase
(for teie CVG1=0.06; CV2=0.01; CVs3=0.02; CV3s=0.04; CVgs=0.11; CVs=0.09). By contrast, the
behaviour of people in the library during the response phase is found to have higher variability in relation to
the mean (for #.. CVG1=0.31; CV=0.40; CV3=0.20 and for #..; CV1=0.23; CV2=0.29; CV53=0.16).

Whereas the coefficient of variation (CV) is a measure that provides information of the dispersion of
probability distributions, and therefore the behavioural variability among evacuees, it is not sufficient to
determine whether participants responded together (as a group) and maintained cohesion with neighbours
during the evacuation movement. Hence, the proposed method is applied. In the first step, the statistical test
(see section 2.1) was conducted to provide a prima facie evidence of collective behaviour among evacuees.
Results of statistical tests are displayed in Table 1. In regard to the bus station, the null hypothesis failed
to reject for 3 potential groups (Med Miller p = 0.35 £+ 0.12) and 4 potential groups (Med C&P p =0.43 +
0.13) during the response phase (#.s ). For the movement phase of evacuation (%) the null hypothesis
failed to reject for 7 potential groups (Med Miller and Med C&P p = 0.66 + 0.01). In the sport centre the
null hypothesis failed to reject for 5 potential groups (Med Miller and Med C&P p = 0.90 = 0.007) for the
response phase (¢.s ) whereas all potential groups failed to reject the null hypothesis during the movement
phase (Z.vi). The behaviour of evacuees in the library had more variability and the null hypothesis rejected
during the response phase (¢rec) and (fes).

Table 1: Statistical tests results Hy: UCV; < LCV, (0=0.05).
Cells in F-grey mean a preliminary evidence of collective behaviour.

Scenario | Fotential | Med Miller Med C&P
group
tres Lexit Tres Lexit
Gl 6 R F F F
G2 7 R F R F
G3 6 R F R F
G4 8 F F F F
Bus G5 8 R R R R
station G6 6 R F R F
G7 9 F F F F
G8 9 F R F R
G9 7 R F R F
G10 9 R R R R
Tres Lexit Tres Lexit
Gl 11 F F F F
G2 9 F F F F
Sports G3 11 F F F F
centre G4 32 F F F F
G5 6 R F R F
G6 9 F F F F
treac tres treac tres
Gl 10 R R R R
Library G2 10 R R R R
G3 13 R R R R
R= Reject; F= Fail to reject
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The second step of the methodology involves the application of Eq. (2) which allow us to measure the
behavioral cohesion of evacuees and therefore confirm whether they behave as a unit or not. Fig. 5 shows
the yp, values produced. Note that the null hypothesis of collective behaviour fails to reject for the cases

with yp, values >0.50 with a region of uncertainty between 0.44 and 0.50. As explained above, the closer
the yp, to 1 the more behavioural cohesion of the group members. Values between 0.50 and 0.75 denote
cohesion while values between 0.75 and 1 represent a strong behavioural cohesion among evacuees.
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Fig.5. yp, values for f. variable during the evacuation. Dashed line is the minimum threshold for group
behavioural cohesion (yp, =0.5) and line in grey is the weighted coefficient to characterize the degree of
behavioural cohesion of the evacuation scenario.

In the bus station, the behavioural cohesion during the response phase was found in two groups
(G1=0.54; G8=0.62). Other potential groups produced values close to 0.5 (G4=0.48; G5=0.48; G7=0.44).
However, these values are considered in a region of uncertainty. The behavioural cohesion during the
movement phase of evacuation was confirmed in more groups G1 (0.73), G2 (0.53), G3 (0.84), G4 (0.53),
G6 (0.59) and G9 (0.73). Despite some responded individually, evacuees tended to assume the speed of the
slowest member or increasing their speed to maintain the cohesion.

In the sport centre, a different process was observed. Results in Fig. 5 confirm that the response of
evacuees was very close to each other (G1=0.81; G2=0.93; G3=0.91; G4=0.83; G5=0.82; G6=0.77). Note
that groups G1, G2, G3 and G4 were warned by staff members. Groups G5 and G6 started evacuation by
themselves and produced a decrease in the behavioural cohesion (from 0.82 to 0.53 in G5) and (from 0.77 to
63 in G6) due to the long distances the occupants had to cover to leave the building, but they still kept
united.
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Based on results in Fig. 5, no behavioural cohesion in evacuees was found in the library. Despite some
students were in small groups before the alarm (two or three friends), they behaved independently during
the response phase of evacuation. Some started evacuation activities and some others ignored the alarm,
and continued reading or using computers, as they did not recognize the alarm relevant to their situation. It
should be noted that these occupants needed the staff intervention to physically undertake evacuation
activities. Furthermore, all people in the library performed different tasks before starting the purposive
evacuation movement such as shutting down laptops, packing work items, packing/collecting personal
belongings, putting on jackets, moving to another location to perform an action. The time spent on these
tasks varied considerably (G1 mean 46.81 s and standard deviation 19.37 s; G2 mean 47.61 s and standard
deviation 32.80 s; G3 mean 25.12 and standard deviation 19.77 s) thus increasing the variability in the
response phase of evacuation.

4. Discussion

Groups are likely to emerge during evacuation. However very little is still known about how and why
this happens. For example, we do not know what the actual influence of collective behaviour on decision
making and actions performed by people during evacuation process is. Based on the fact that consensus
and uniformity denote a reduction in the behavioural variability, we have proposed a possible approach to
identify evacuation groups and measure the behavioural cohesion of group members. The presented
method is expected to improve our understanding of the conditions in which such behaviours take place.

An illustrative case study has been presented through the analysis of three evacuation scenarios: a
bus station, a sports centre and a library involving 185 evacuees divided in 19 potential evacuation
groups. We confirmed the presence of collective behaviour in the bus station and the sport centre in 60%
and 100% of potential evacuation groups respectively. Contrary to expectations, no evidence of collective
behaviour was found in the library. Despite having visual and verbal contact, occupants responded
individually and performed different tasks before start evacuation (collecting belongings, shutting down
lab tops, etc.) thus increasing the behavioural variability. This suggests that proximity could be important
but not always a key factor in collective evacuation behaviour. Social ties, whether occupants share
activities before the evacuation and/or the type of alarm could be also important factors to consider. This
is an example of the importance of using the proposed method. For instance, implementing the same
pre-evacuation time distribution to all occupants could be a good approach for the evacuation analysis of
a library but potentially unrealistic in other evacuation scenarios where some groups are likely to emerge
during evacuation.

The main contribution of this paper is suggesting the use of Eq. (2) as a fast and simple approach to
conduct a preliminary assessment of collective behaviour for any evacuation scenario. If yg,> 0.50 the
collective behaviour can be confirmed and the higher the yp, value the higher the behavioural cohesion in
evacuees. Values from 0.50 to 0.75 denote a high cohesion while values > 0.75 represent a very strong
behavioural cohesion in evacuees. It is worth to remind that an ideal value of 1 would represent a perfect
synchronization on people actions.

Care is required however when using the proposed method as it has a number of limitations. The first
limitation is that the identification of the potential groups for the analysis relies on the analyst. A
plausible approach could be, for instance, the specific location (room, zone, area, queue, etc.), the
proximity where occupants are likely to interact (verbal and/or non-verbal communication) and/or
whether they share a target before the alarm. The second limitation is that the members of the potential
group should use the same exit, when analysing the movement phase of evacuation. The third limitation is
that the number of members in the potential evacuation group should be higher enough to calculate the
coefficients of variation (i.e. more than 5). The fourth limitation is that the results are very sensitive to
divergent behaviours of individuals (extreme values). For instance, given a defined group, it only takes an
individual who acts separately to discard behavioural cohesion although the rest of group members
behave as a group. This limitation may be solved through the application and inclusion of outliers
detection methods. Nevertheless, this is very complicated for small sample sizes (N= [5-25]).
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