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Abstract: Subway station emergencies have caused serious casualties in recent years, so the aim of
this research was to develop and establish an evacuation model that considers the OCEAN personality
psychological traits to improve the credibility of the emergency pedestrian evacuation simulation.
Firstly, the relationship between the personality and psychological stress was established based on
the reconstruction of a passenger’s personality traits. Secondly, the relationship between the expected
speed and a passenger’s personality traits was modified based on the social force model. Finally,
the simulation was carried out using the Anylogic software. The results show that as the value of
the personality increases, the evacuation time of personalities ¢4 and ¢ gradually increases, but
the opposite effect is observed for personalities ¢y and ¢g. Similarly, as the value of personality
traits increases, the speed of personalities 4 and ¢ gradually decreases, but the opposite effect
is observed for personalities ¢ and ¢g. Only during peak periods, as the value of personality
traits increases, the density of the connecting area of passengers with personality traits {4 and ¢c
gradually increases; on the contrary, that of passengers with personality traits ¢y and g gradually
decreases. The conclusion of this study is that different personality traits have different effects on
evacuation behavior, which enriches the model of pedestrian evacuation further.

Keywords: urban traffic; simulation of emergency evacuation; OCEAN personality model; agent
personality modeling

1. Introduction

With developing urbanization in China, a total of 3394 stations had been put into
operation by 2018, and the annual amount of passengers on the urban rail transit reached
21.07 billion [1]. However, the number of deaths and injuries caused by subway accidents
is gradually increasing around the world such as the Austrian Metro accident (150 people
killed) and a terrorist attack in the Moscow Metro (41 people killed) [2]. Therefore, the
evacuation model of subway station crowds has always been a research hotspot. There has
been a number of studies on emergency evacuation in China and abroad. The most classic
evacuation models are the social force model [3] and the cellular automata model [4].

According to the classic models above, different improved models are proposed based
on different rules [5-7]. However, these models are all used to describe simulation of the
evacuation behavior, which lacks a comprehensive analysis of the evacuation environment
and the evacuees’ psychological action. What happens when the personality traits of
passengers are introduced into the classic evacuation model?

The purpose of this paper was to establish an evacuation model combined with the
passengers’ personality traits to simulate the passengers’ emergency evacuation behavior
more accurately and truly and provide a basis for a more reasonable evacuation plan.
The scope of this study was the evacuation of passengers with different personality traits
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during peak and off-peak periods of the passenger flow at subway stations. Firstly, the pas-
sengers’ personality traits were modeled. Secondly, the quantitative relationship between
the passengers’ personality traits and psychological stress was established. Thirdly, the
relationship between the expected speed and the social force model was modified based
on the passengers’ personality traits. Finally, the simulation evaluation was carried out
with the Anylogic software to verify the difference in evacuation indexes of the passengers
with different personality traits in an emergency evacuation.

In the remainder of this paper, Section 2 provides a summary of literature findings
on the personality traits and the evacuation model and highlights literature limitations.
The method of the study is presented in Section 3, including the personality model, the
simulation method and the calculation method for psychological stress. The results of the
analysis and the findings are shown in Section 4. Section 5 concludes with a discussion of
our findings and suggestions for further research in the future.

2. Literature Review

At present, the most widely used evacuation models are the social force model and
the cellular automata model. The social force model is a continuous model proposed by
Helbing [3], which considers the social interaction forces from other pedestrians and the
forces from obstacles and the desired force of a pedestrian. However, the social force model
assumes that the expected speed of pedestrians is fixed. With the change in a pedestrian’s
psychological state, the expected speed changes accordingly. The cellular automata model
is a representative discrete model proposed by Blue [4], which establishes rules for the
evacuees’ movement and makes them more homogeneous. The cellular automata model
takes less consideration of the evacuees themselves, thus neglecting the differences between
the evacuees.

Based on the above classic models, many scholars put forward improved models
according to different rules. Lei [8] used the agent model to analyze the effects of evacua-
tion density, exit width, and automatic ticket gates on evacuation time. It was found that
adequately increasing the number of exits and widening the exit width could effectively
improve the evacuation efficiency. Zhou [9] studied the emergency pedestrian evacuation
during terrorist attacks based on the fuzzy logic model. Jingjing Chen [10] combined the
field survey data to set the subway scene and pedestrian parameters and built a subway
station model based on the social force model and the agent model’s hybrid model. Saboia
et al. [11] introduced a mobile grid to improve the social force model. Nishinari [12] consid-
ered the optimal path selection in the process of dense crowd movement and established
a cellular automata model of the dense crowd flow. Steffen [13] added the visual field
factor to the social force model to study the influence of the visual field on the pedestrian
evacuation process. These models are all used to describe the simulation of the evacuation
behavior, which lacks a comprehensive analysis of the evacuation environment and the
evacuees’ psychological action.

In recent years, the correlation between the evacuees’ psychological state and the
evacuation behavior characteristics has also been studied in-depth. Shaokuan Chen [14]
studied the expected evacuation speed under psychological pressure, established the
modified representative speed model, and made changes to the social force model. Jinlong
Sun [15] constructed an evacuation model under panic conditions by analyzing people’s
behavior characteristics in the state of panic and the factors influencing crowd panic during
subway evacuation. Mingliang Xu [16] provided a formula to calculate the panic level
considering the influence of physical consumption. Helbing [17] introduced the concept of
the panic degree into the social force model to reflect the psychological characteristics of
passengers in the passenger movement state. Fruin [18] introduced the concept of panic
parameters when studying the evacuation behavior. Although the model above studies the
evacuation behavior from the perspective of the psychological state, it takes the crowd as a
whole, which ignores the differences in the personality traits of evacuees.
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The research on the relationship between personality traits and behavior is also increas-
ing. Costa [19] proposed the Big Five personality model including five personality traits
called Openness, Conscientiousness, Extraversion, Agreeableness and Neuroticism, which
is referred to as the OCEAN model for short. OCEANOTrtony [20] proposed the widely
recognized OCC (Ortony, Clore, Collins) emotional cognition model. The Pleasure—Arousal-
Dominance Temperament Model was described by Mehrabian (the PAD model) [21]. Du-
rupinar [22,23] established a typical mathematical model between crowd behavior and
personality traits and then used the Laban movement analysis theory to map the rela-
tionship between personality traits and exercise parameters. Gebhard [24] used the PAD
emotional model and the OCEAN personality model to quantify psychological character-
istics. Based on the OCC and OCEAN models in psychology, Margaux [25] established a
dynamic infection model based on individual personality and interpersonal relationships
to deduce the agents” microbehavior. Zhuxin Xue [26] established the personality behavior
model through quantitative personality attributes. The studies above have established
the relationship between personality characteristics and some actions, but the research on
subway station emergency evacuation has not been carried out.

At present, most of the research on evacuation describes the simulated evacuation
behavior, but the descriptions of the evacuees’ psychological state are few. In recent years,
a small number of scholars have researched the correlation between the evacuees’ psycho-
logical state and the characteristics of evacuation behavior. Still, they regard the crowd’s
psychological state as the same and ignore the differences caused by their personality
traits [19].

3. Methods
3.1. Analysis of the Passenger Emergency Evacuation Process

In behavioral psychology [27], psychology is the guidance of behavior, and behavior
is the embodiment of psychology. Different psychological states produce different actions.
Differences in people’s psychological conditions can be described by the “OCEAN" person-
ality traits (“Big Five” personality traits) [26]. When an emergency occurs, passengers are
affected by the external environment, and passengers with different personality traits have
different psychological states and exhibit different evacuation behaviors. The emergency
evacuation process considering the passengers’ personality traits is shown in Figure 1.

In an evacuation, passengers perceive other passengers, obstacles and emergencies
and then calculate f;;, fi, and f;, representing the social interaction forces from other
pedestrians, the forces from obstacles and the desired force of a pedestrian. Figure 2 shows
the calculation flow of various points. As shown in Figure 3, when an emergency occurs,
the psychological stress of passengers changes. This paper calculates the psychological
stress of passengers based on their personality traits.
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Figure 3. The calculation process of the psychological stress value based on personality traits.

3.2. Modeling of the Passengers” Personality Traits
3.2.1. Summary of the OCEAN Personality Theory

Several generations of psychologists have found that five traits can cover all aspects of
personality description. The five characteristics are openness, conscientiousness, extraver-
sion, agreeableness and neuroticism. Based on the English initials of the five dimensions,
the model is called the “OCEAN personality model” [26,28], also known as the “Big Five”
personality model. Openness, conscientiousness, extraversion, agreeableness and neu-
roticism reflect the individual’s imagination and curiosity, organization and motivation
of the object-oriented behavior, the degree of the individual’s active involvement in the
external world, the differences in individual cooperation and social harmony, and the
tendency to experience negative emotions, respectively. As the most influential personality
theoretical model globally, the OCEAN personality model has been widely studied by
psychology researchers in the past 50 years and has been proved to be consistent and stable
across languages, cultures, situations and evaluators. At present, the definition from Costa
and McCrae’s [28] test manual is highly accepted around the world. The traits of various
personality dimensions are shown in Table 1. Each trait has positive and negative poles,
indicating different degrees of traits.

Table 1. Personality dimensions in the OCEAN model.

Personality Personality Traits (+) Personality Traits (—)

Willing to try new things, Conservative, submissive,
autonomous, imagination pragmatic

C (conscientiousness)  Orderly, cautious, self-disciplined  Disorderly, careless, weak-willed
Enthusiastic, gregarious,

O (openness)

E (extraversion) Implicative, shy, serious

dominating
A (agreeableness) Reliable, docile, collaborative Skeptical, imperious, obstinate
N (neuroticism) Anxious, impulsive, sensitive Calm, confident, adamant

3.2.2. Quantification of Personality Traits

It is difficult to quantify the passengers’ psychological state, but it is affected by
personality traits, so that the psychological state can be regarded as a function of personality
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traits. To quantify the mental state, the five dimensions of the OCEAN model were
quantified and classified according to the degree of traits in the personality test manual.
The corresponding relationships are as follows: extremely weak = +0-0.2, weak = £0.2-0.4,
moderate = +£0.4-0.6, strong = +0.6-0.8, extremely strong = £0.8-1. The passenger’s
personality traits function P can be formulated as follows:

P = [$o,Yc, PE, Pa, YN] )

where Yo, Yc, Y£, P 4, PN are openness, conscientiousness, extraversion, agreeableness and
neuroticism, respectively.

Where 3; < 0, the passenger’s personality has the traits corresponding to the negative
pole in Table 1; ¢; > 0 means that the passenger’s nature has the characteristics correspond-
ing to the positive column in Table 1; 1; = 0 means that the passenger’s personality does
not have the traits corresponding to Table 1.

3.2.3. Method of Calculating Psychological Stress Based on Personality Traits

Psychological stress is the result of the change in the passengers’ psychological state.
In the process of an emergency evacuation, the behavior of passengers is affected by psy-
chological pressure. In past research, most authors calculated psychological stress based on
external environmental factors but did not explore the reasons for passengers’ personality
traits. In psychology, personality is a long-term fixed characteristic of a human being [29].
When an emergency occurs, passengers are affected by the surrounding environment, have
different psychological pressure due to their personality traits and exhibit different evacu-
ation behaviors. Therefore, this paper establishes a method of calculating psychological
stress based on the personality traits of passengers.

Panic is a deep psychological reaction state in the face of an emergency [2]. To a certain
extent, panic makes people lose the decision-making power and the action power; people’s
psychological stress changes with the degree of panic. Patience is an important indicator of
whether a person is steady or not, which affects the change of psychological pressure [26].
Based on the research above, the method of calculating a passenger’s psychological stress
was developed to realize the quantitative analysis of a passenger’s psychological stress
in an evacuation. Generally, a passenger’s psychological stress can be defined as a value
between 0 and 1, where 0 and 1 are, respectively, the state of no pressure and absolute
pressure. The relationship between psychological pressure and the psychological state is as
follows: ‘ o

E; = wlfipamc + wzfilmpatzence (2)

where E; is the psychological pressure of passengers and w; and w, are weight coefficients
of the panic degree and the patience degree, respectively, with w; + wyp = 1, and the average

value is taken; fip ¢ and filmp mHENCe are functions of a passenger’s panic and a passenger’s
patience, respectively.

According to the existing research [22], a passenger’s panic psychology depends on
such personality traits as conscientiousness and neuroticism. The function to calculate the
degree of panic is as follows:

S = wnpyl + wenf (¥F) 3)
_ [ 2r 2, if >0
f(lp’c) N { 0, else @)

where fipamc € [0,1] and wnp and wcp are weight coefficients of neuroticism and
conscientiousness, respectively, with wyp + wcp = 1; the average value is taken.
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In previous studies [22], the degree of a passenger’s patience depends on extroversion,
agreeableness and conscientiousness. The function for calculating the degree of patience is
as follows:

fiimpatience _ wEIf(‘PIE) Fwar (1 B lPIA) T wer (1 . %C) (5)
o) - { ML 30 .

impati . - :
where fl-lmp anence ¢ [0,1] and wgr ,wa; and wc; are weight coefficients of extroversion,
agreeableness and conscientiousness, respectively, with wrj + waj + wer = 1; the average
value is taken.

3.3. Expected Speed Model Considering Personality Traits

The social force model is widely used in the analysis of pedestrian movement char-
acteristics. Its walking mechanism is realized by analyzing the change process of the
pedestrians’ behaviors. The basic model [3] is as follows:

do:
m = fi+ ¥ fi+ L fio )
jG#) w

In the social force model, pedestrians are subjected to three different types of forces,
which are the desired force of a pedestrian f;, the social interaction forces from other
pedestrians f;; and the forces from obstacles fj;.

o) (t)ef (t) — i(t)
T

fi=m; ®)

1

S oy | (=i f
= ' ji
fi {A’EXP [( B )} +kg(rij — d) }”u‘ +kg(rij — dig) Aojitij ©)

o d
fiw = {Aiexp Kquwﬂ + kg (rij — diw) }”z‘w +kg(riw — div) (Vi-tiw)tiw  (10)

In Equations (8)-(10), m;, ©%(t), ¢?(t), v;(t) and T; are the pedestrian mass, the
expected speed at time ¢, the expected walking direction, the actual walking speed and the
movement relaxation time, respectively.

During an evacuation, the social force model assumes that the pedestrians’ expected
speed is constant, which is inconsistent with the actual situation. In the process of an
emergency evacuation, the passengers’ expected speed changes due to psychological
pressure. However, the psychological stress of passengers is affected by personality traits,
so the passengers’ expected speed can be expressed as a function of personality traits. The
equation of the modified expected velocity is as follows:

s — S{( wi [wnpp] +wepf (Y5)]+ ) (11)
VN @ wrf(9F) + war(1=¢f) +wer (1 7))

S; and s; are the revised expected speed of passengers and the expected speed before
modification.

Affected by the passengers’ psychological pressure when the passengers cannot reach
the free walking speed corresponding to the psychological state, passengers can adjust their
motion to reach it. Therefore, the free walking speed can be regarded as the passengers’
expected speed to assign the expected speed in the simulation process [30]. According
to Kholshevnikov’s research, Table 2 [30] shows the quantitative relationship between
psychological stress and free walking speed.
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Table 2. The relationship between the psychological pressure of pedestrians and the free walking speed.

Pevchol s Free Walking Speed (m/s)
sychological State P 1
y & ressure Value Horizontal Tunnel Stairs
Comfortable 0.00 0.83 0.45
Peaceful 0.00-0.45 0.83-1.10 0.45-0.63
Active 0.45-0.68 1.10-1.50 0.63-0.92
Mild tension 0.68-0.70 1.50-2.00 0.92-1.25
Panic or high psychological pressure >0.70 2.00-2.50 1.25-1.75

3.4. Evacuation Simulation Experiment

In this paper, the Chengdu Shuangliu Airport Station and the Shanghai Honggiao
Terminal Station were simplified to build a physical simulation model. The simulation
input data refer to the Shanghai Honggiao Terminal Station’s passenger flow data, and the
Anylogic software constructed the simulation environment. In the simulation, according
to the survey data, 4000 passengers were evacuated in peak periods and 2000 people are
evacuated in off-peak periods. The passengers mentioned in this study are “imaginary”.
We directly defined the personality traits of the “imaginary passengers”. According to
Section 4 of this article, four personality traits mainly affect passenger evacuation and
psychological pressure: conscientiousness, extraversion, agreeableness and neuroticism.
Extroversion and neuroticism are positively correlated with the passengers’ psychological
stress. Conscientiousness and agreeableness are negatively correlated with the passengers’
psychological pressure. Therefore, the passengers with the extraversion (yr) and neuroti-
cism (i) personality traits were considered one research group. The passengers with the
conscientiousness ({c) and agreeableness (i 4) personality traits were taken as another
comparative study group.

The steps of the simulation experiment were as follows:

Step 1: A physical simulation model was developed with the Anylogic simulation
software.

Step 2: The passengers were divided into two groups based on their personality traits,
Group 1 with the extraversion (r) and neuroticism (1y) personality traits and Group 2
with the conscientiousness ({c) and agreeableness ({4 ) personality traits.

Step 3: For the two groups of passengers, the indexes of an emergency evacuation
in off-peak periods (2000 persons/h) and peak periods (4000 persons/h) were studied,
including evacuation time, evacuation speed and evacuation density in the connecting
area.

Step 4: Analysis of the influence of different personality traits on the evacuation
behavior.

The subway station’s layout is shown in Figure 4. The length is about 160 m, and the
width is about 50 m. The passengers were randomly distributed on the platform floor and
the station hall floor. In emergencies, passengers evacuate to exits A, B, C and D using
escalators and turnstiles.

Exit B Exit C
Denal
h’ i Connecting area |
/ Turnstils Turnstil

Exit A

Figure 4. The layout of the subway station.



Sustainability 2021, 13, 10463 9 of 15

4. Results
4.1. Analysis of the Average Evacuation Time

In this study, two groups of passengers with personality trait values of —1, —0.5,0, 0.5
and 1 were selected to conduct simulation evacuation experiments. The evacuation time
simulation results time are shown in Figure 5a,b. The average evacuation time increases
with the value of agreeableness (4 )and conscientiousness ({c). It decreases with the
value of neuroticism () and extroversion (¢g).

[ Off-Peak periods
Peak periods 258

V7

211

[ 1Off-Peak periods
[ Peak periods

= — N N w
o [4)] o [4)] o
o o o o o
L 1 1 1 |
= - N N w
o (%] o (o) o
o o o o o
L L 1 1 )

[4)]
o
1
4]
o
1

Average evacuation time (s)

o

Average evacuation time (s)

-
o
o

10 05 00
Personality traits

(a)

10 05 00 05 1.0
Personality traits

(b)

Figure 5. (a) Average evacuation time of the passengers with the ¢4, {. personality traits; (b) average evacuation time of
the passengers with the ¢y, g personality traits.

Using the simulation results, we conducted the sensitivity analysis of the passen-
gers with ¢4, . or N, Pr personality traits regarding the evacuation time, as shown in
Figure 6a,b. We found that the evacuation time increased by 6.4 s for every 0.1 unit increase
in the personality traits value of ¢4, i.; similarly, the evacuation time decreased by 7.1 s
for every 0.1 unit increase in the personality traits value of ¢y, {r. The results show that
evacuation time is more sensitive to personality traits y, PE.

250 |

N
o
o

Average gvacuation time(s)

&

o

t t

Average evacuatiorytime(s)

100
50 | 50
0 0
T e e T S [ e L] [ B s R e I ey e e % ¢t % F & & 5 I % 0% @ 0 2 d 7 d 7 3
-1.0 -08 -06 -04 -02 00 02 04 06 08 10 -10 -08 -06 -04 -02 00 02 04 06 08 1.0
Personality traits Personality traits
(a) (b)

Figure 6. (a) Sensitivity analysis of the passengers with the 1 4, . personality traits; (b) sensitivity analysis of the passengers
with the ¢y, g personality traits.
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15}

4.2. Analysis of the Average Evacuation Speed

According to the usual assumption, the more significant the difference in personality
traits, the more significant the difference in behavior. Based on this assumption, the
maximum and minimum values of the personality traits of the two groups of passengers,
namely ¢4 = Pc = £1 and Py = Pg = £1, were selected to test this hypothesis in this
study. The simulated evacuation results are shown in Figures 7-10.

4.2.1. Analysis of the Evacuation Speed of Passengers with Personality Traits
Pa = P ==1

During an evacuation in off-peak periods, the average passenger evacuation speed
of the group with personality traits ¢4 = 1pc = —1 was 2.08 m/s, and that of the group
with personality traits 4 = c = 1 was 1.02 m/s. During the evacuation in peak
periods, the two groups’ average passenger evacuation speed was 1.84 m/s and 0.87 m/s,
respectively. The simulation results show that the average evacuation speed of passengers
with 4 = Pc = —1 was significantly higher than that of passengers with 4 = c = 1in
both peak and off-peak periods. The details are shown in Figure 7a,b.

According to the analysis of variance of the evacuation speed, there was no significant
difference in the fluctuation of evacuation speed between the passengers with ¢4 = ¢c =
—1 and the passengers with 4 = ¢ = 1 during an off-peak period passenger evacuation.
However, during a peak-period passenger evacuation, the speed variance of the passengers
with ¢4 = ¢ = —1 was 0.53, and that of the passengers with ¢4 = ¢ = 1 was 0.30.
The fluctuation of the evacuation speed of the passengers with 4 = ¢ = —1 is more
considerable. The average evacuation speed of the passengers with ¢4 = Yo = —1
decreased obviously around 1100 s, forming a wave trough, as shown in Figure 7b.

The reason for the phenomenon above is that passengers with 4 = 1 = 1 are more
cautious and docile than those with 4 = ¢ = —1. In the face of an emergency, the
psychological pressure of passengers with 4 = pc = —1 is significant, which leads to the
high expected evacuation speed. During a peak-period evacuation, it is expected that the
passengers with high speed will arrive at the connecting area faster. However, due to the
large number of evacuees, it is easy to form an evacuation bottleneck so that the evacuation
speed drops rapidly and creates a wave trough.

35 — =1
— sl

— WAVl
— YAVl a0l
25¢
2.0
1.5}
1.0

0.5

Average evacuation speed (m/s)

0

0.0

500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Evacuation time (s) Evacuation time (s)

(a) (b)

Figure 7. Average evacuation speed (passengers with (4 = 1 = £1): (a) evacuation of passengers during off-peak periods;

(b) evacuation of passengers during peak periods.

4.2.2. Analysis of the Evacuation Speed of Passengers with Personality Traits
Uy = g = =1

During a peak- and off-peak-period evacuation, the evacuation speed of the passen-
gers with ¢y = P = 1 was 2.39 m/s and 2.21 m/s, and that of the passengers with
YN =Yg = —1 was 1.27 m/s and 1.00 m/s, respectively. The simulation results show that
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the evacuation speed of the passengers with )y = g = 1 was significantly higher, as
shown in Figure 8a,b.

The speed variance of the passengers with ¢ = g = 1 was significantly different
from that of the passengers with )y = ¢y = —1 only during an evacuation in peak
periods. The speed variance of the passengers with iy = ¢r = 1 was 0.55, and that of the
passengers with 1y = g = —1 was 0.39. The average evacuation speed of the passengers
with ¢y = g = 1 decreased significantly around 1200 s, forming a wave trough, as shown
in Figure 8b.

Passengers with )y = g = 1 are more impulsive and anxious than those with
YN = Yg = —1, therefore, passengers with )y = ¢ = 1 have higher psychological
pressure in the face of emergencies. During an evacuation in peak periods, the expected
speed of the passengers with iy = g = 1 increases because of the increased psychological
pressure. At the same time, because of the large number of evacuees, it is easier to cause
an evacuation bottleneck in the connecting area and then form a speed wave trough, as
shown in Figure 8b.

— =1 — Y=y, =-1
35 N=We a5 Wi
é Uye=l = W=y =1
= 3.0~ E 3.0
T e 3
2 25 8 25
@ &
5 2-0 £ 20
g ks
S 15| 215
g <
5 1.0 510}
£ 05 s 05
4 3}
[ >
< 0.0 L | ! L < 0.0 I L 1

0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Evacuation time (s) Evacuation time (s)
(a) (b)

Figure 8. Average evacuation speed (passengers with )y = g = +1): (a) evacuation of passengers during off-peak
periods; (b) evacuation of passengers during peak periods.

4.3. Density Analysis of the Connecting Area

During an evacuation in off-peak periods, the difference in passenger density in the
connecting area was small, as shown in Figures 9a and 10a.

However, the density in the connecting area was significantly different during an
evacuation in peak periods. The maximum density of the passengers with 4 = ¢ =1

was 1.23 persons/m?, and that of the passengers with {4 = ¢ = —1 was 0.71 persons/m?.
The reason for the phenomenon above is that passengers with ¢4 = ¢ = 1 are more
cautious and docile than passengers with ¢4 = ¢ = —1. When an emergency occurs,

their psychological pressure value is relatively small, so their expected speed is little,
resulting in a longer evacuation time after forming a bottleneck, as shown in Figure 9b.
The maximum density of the passengers with ¥y = ¥ = —1 was 1.04 persons/m?,
and that of the passengers with ¢y = g = 1 was 0.69 persons/m?. The reason for the
phenomenon above is that passengers with ¢y = g = 1 are more impulsive and anxious
than passengers with )y = ¢ = —1. When an emergency occurs, psychological pressure
of passengers with ¢y = g = 1 is relatively large, and their expected speed is also more
considerable. After a bottleneck is formed, it dissipates quickly, and the density in the
connecting area is relatively small, as shown in Figure 10b.
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Figure 10. The density in the connecting area (passengers with )y = g = =£1): (a) evacuation of passengers during
off-peak periods; (b) evacuation of passengers during peak periods.

5. Discussion

Similar results for the evacuation time were obtained by Chen et al. [14] who concluded
that the overall evacuation time is reduced by 24.03% under the condition of psychological
pressure. Our results are as follows: the higher the value of {4 and ., the more docile
and cautious the passengers are. Therefore, the psychological pressure caused by the
emergency is relatively small, which makes the expected speed smaller, and the average
evacuation time increases. However, the higher the value of iy and ¢, the more anxious
and impulsive the passengers are, which leads to the increase in psychological pressure
and the growth of expected speed that leads to the reduction in evacuation time. Regarding
prediction of the evacuation time, our results are basically consistent with [14].

Our simulation results show that the evacuation speed of the passengers with
P4 = Pc = —1 (passengers with high psychological pressure) during a peak-period evac-
uation was 1.84 m/s, and that of the passengers with ¢y = ¢ = 1 was 2.21 m/s. The
result obtained in [30] is that when a pedestrian’s psychological pressure is high, the
walking speed is 2-2.5 m/s. Through the research in Section 3, we know that passengers
with 4 = Pc = —1 or Yy = P = 1 are passengers with high psychological pressure, that
is to say, our simulation results are very close to the results in [30]. During an evacuation in
peak periods, the evacuation speed of the passengers with 4 = ¢ = —lor ¢y =g =1
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decreased sharply in a short time, similarly to the results reported in [14]. At the same time,
this phenomenon can also be explained by the herding effect in classic literature [31]. We
also simulated the evacuation speed during an off-peak-period evacuation, which did not
decrease sharply in a short time. This has not been studied in the available literature [14].

Regarding the density of the connecting area, the results of this study show that the
density reached the peak in a short time during a peak-period evacuation, similarly to the
results reported in [14]. The results show that the maximum density of the connecting area
was 1.23 persons/m?, while the maximum regional density in [14] is 9.5 persons/m?; this
is the largest deviation from the available literature. The main reason for this gap may be
the difference between the input passenger flow data and the size of the connecting area.

The results of this study are helpful in improving the accuracy of the crowd evacuation
model and improve the credibility of the simulation software. Passengers with different
personalities may have different evacuation behaviors. Considering the personality traits
of different passengers can help to formulate more efficient and safer evacuation schemes
for subway managers. In this study, to highlight the influence of personality traits on a
subway station’s emergency evacuation, the single factor variable control method was
used in the experiment, so that other influencing factors are regarded as the same. In the
follow-up study, gender, age, physical strength and other passenger parameters can be
combined to improve the simulation model’s accuracy further. In the future research, we
can also try mixing different personality traits to simulate the evacuation situation more
true to life.

6. Conclusions

We propose an emergency evacuation model considering personality traits based on
the social force model in this study, reflecting the diversity of the passengers” evacuation
behaviors during an emergency evacuation from the psychological point of view and
improving the accuracy of the emergency subway station pedestrian evacuation model to
a certain extent. The model describes the influence of the passengers’ personality traits on
the evacuation behavior.

The evacuation behavior of passengers is affected by personality traits, in which the
value of personality traits {4 and ¢ is inversely proportional to the evacuation time, and
the value of personality traits ¢y and g is proportional to the evacuation time.

During an evacuation in off-peak periods, the average speed of the passengers with
personality trait 4 = ¢ = 1 was 50.96% lower than that of the passengers with per-
sonality trait ¢4 = 1Pc = —1, the average speed of the passengers with personality
trait y = Pr = —1 was 46.86% lower than that of the passengers with personality
trait ¢y = g = 1. Similarly, during an evacuation in peak periods, the average speed
of the passengers with personality trait 4 = ¢ = 1 was 52.72% lower than that of the
passengers with personality trait 4 = c = —1, the average speed of the passengers
with personality trait ¢y = ¢r = —1 was 54.75% lower than that of the passengers with
personality trait ¢y = ¢ = 1. However, only in a peak-period evacuation, the density
of the passengers with 4 = o = —1 and Py = g = 1 in the connecting area was
significantly smaller than that of the passengers with ¢4 = ¢ = 1 and ¢ = Y = —1,
respectively.
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