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Abstract. In case of emergency, the classroom is prone to crowd congestion 
accidents. In order to explore the impact of crowd panic emotion infection on 
evacuation and the role of the manager in the process of emotional infection, the 
model was simulated by using unity3D software, and the role of the model in 
different scenarios was analyzed to describe the evacuation phenomenon of the 
group under panic emotion. The results show that the presence of administrators can 
improve evacuation efficiency and reduce the rate of emotional infection. 
Extroverted individuals can accelerate the speed of emotional infection; The fewer 
individuals in the classroom, the slower the emotional infection, the higher the 
evacuation efficiency. 
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1. Introduction 

In recent years, the problem of crowd evacuation based on individual mood changes has 

received a lot of attention, and panic infection has become a hot spot in the field of crowd 

evacuation research. Infection of panic refers to that when an emergency occurs, under 

the condition of lack of sense of security, the panic of other individuals will affect their 

judgment ability due to the effect of suggestion and infection, leading to the expansion 

of their panic. Under the influence of other individuals, individuals will imitate others, 

and the deep panic of other individuals will also enlarge their panic[1] Panic will directly 

affect evacuation activities[2], which is embodied in individual speed and direction. At 

present, many scholars have integrated emotional infection model into the process of 

crowd emergency. Wang Ruixiang et al.[3]improved the spread model of infectious 

diseases and added intervention factors into the panic psychological spread model to 

study the inhibition effect of intervention measures on the spread of panic. Cao Mengxiao 

et al.[4]established Personalized Durupinar (P-Durupinar) model based on Durupinar 

model, which confirmed the importance of Personalized influence on emotion infection 

in crowd movement. Liu Cuijuan et al.[5]proposed a multi-agent emotional infection 

model (ECEM) based on OCEAN model, which combined agent movement with density 

and personality, and verified the authenticity of non-contact emotional infection. Liu 

Zhen et al. [6] proposed a calculation method of emotional infection based on whether 

 
1Corresponding Author, Baoyun WANG,  School of Mathematics, Yunnan Normal University, Kunming, 

Yunnan, China. E-mail:wspbmly@163.com. 

 

Applied Mathematics, Modeling and Computer Simulation
C. Chen (Ed.)
© 2022 The authors and IOS Press.
This article is published online with Open Access by IOS Press and distributed under the terms
of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/ATDE220067

663



there are managers in the crowd, and demonstrated the restraining effect of managers on 

panic in the crowd. Liu Tingting et al.[7]proposed a simulation model of crowd trample 

based on psychological principles to simulate the process of crowd trample, and provided 

the judgment method of crowd trample, which was verified by the simulation of crowd 

trample on the footbridge. 

According to statistics, schools account for 20.97% of all places where stampedes 

occur[8], so how to avoid stampedes on campus has become the focus of attention, 

among which classroom crowd evacuation is the most typical scene. Many scholars have 

conducted simulation studies on classroom model crowd evacuation[9,10,11], most of 

which focus on the impact of classroom structure on evacuation, such as odd and even 

exits, seat arrangement, exit width and other factors, and seldom consider the impact of 

panic on classroom crowd evacuation. Based on the research of Liu Cuijuan and Liu 

Zhen, this paper conducts a simulation study on classroom crowd evacuation under panic. 

2. Panic Infection 

In this paper, the ECEM model[5]proposed by Liu Cuijuan and the emotional infection 

model with administrator[6]proposed by Liu Zhen were applied to the classroom scene 

to conduct simulation modeling of panic emotion infection in the crowd. 

2.1. Panic Contagion Model 

In the ECEM model, the influence of personality and distance on emotion was considered. 

On the one hand, the classification of individual personality, different types of 

individuals have different ability to receive emotional infection. Based on OCEAN 

personality theory, the model divides individuals into five types: open individuals (O), 

conscientious individuals (C), extroverted individuals (E), agreeableness individuals (A), 

and neurotic individuals (N). On the other hand, risk factors will stimulate individual 

panic, the closer to the source of danger, the higher the individual's emotional value. 

The emotional infection rules in the model are divided into the following three 

points: Rule 1. Emotional infection is transmitted from individuals with high emotional 

value to individuals with low emotional value. Rule 2. Emotional contagion occurs 

within the detection area of the individual (i.e. the radius of emotional contagion). Rule 

3. During the process of emotional infection, individual emotions gradually increase. 

In order to explore the influence of administrators (teachers) in the process of panic 

infection, panic attenuation parameters were added into the ECEM model. The manager 

is equivalent to an inhibitor of panic emotions. When the emotional value of the 

individual differs greatly from that of the manager, the individual's emotional attenuation 

will be larger, and he will be inhibited more panic emotions. In the actual situation, 

teachers will pay more attention to students with high panic value, while students with 

low panic value do not need excessive attention from teachers. 

2.2. Parameters of Panic Emotion Infection Model 

 (1) Individual parameter definition 
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In the panic emotion infection model, each individual defines four variables 

{�� , �� ,���� ,�}, as shown in table 1. 

Table 1. Parameter definition of panic emotion infection model.  

variate definition 

�� Emotional receptivity 

�� Emotion-sending capacity 

���� Radius of emotional contagion 

� Radius of the individual 

The emotional value is calculated as follows
[5]
:  

���� + 1	 = ����	 + ∑ ���, 	�
��� + �(�, )                           (1) 

�(�, ) = �� ∗ �� ∗ �1 −
	��

	���
� ∗ ��(�)                               (2) 

���,�	 = �(
|���	�
�|

�� )
                                             (3) 

In the above formula, ����	 is the emotional value of individual i at time t; 

�(�, ) and �(�, ) are the influence of personality and distance on emotion 

respectively; j is the neighbor whose �� < �� , m is the number of neighbor 

individuals whose �� < ��; ��� is the Euclidean distance between individual i 

and individual j; ||�� − �	||  is the distance between individual i from 

hazards. 

 (2) Definition of attenuation parameters of panic 

In the case of a supervisor, the scope of influence is the whole classroom, that 

is, when the teacher is present, all the students' emotions can be affected. The 

manager's emotional value, �
�, remained constant throughout the evacuation. 

Let �� be the emotional intensity of an individual. If �
� < ��, emotional 

value of individual panic emotion is[6]: 

∆�� =
��(���)

���(���)
                                                                                                        (4) 

       At this point, the individual's emotional value is: 

��−= ∆��                                                                                                        (5) 

                      In the formula, ∆�� is the emotional value of individual panic emotion; �
� 

is the emotional value of the manager; �� is the emotional value of individual i. 

2.3. Panic Emotion Infection Model Algorithm Flow 

Algorithm 1 algorithm of panic emotion infection model 

Input: ��, ��, ����, �, �
� 

Output: �� 
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Step 1 Initialize individual mood values. 

Step 2 For all individuals, if the individual emotional value P<1, other 

individuals within the infection radius of the individual were detected. 

Step 3 For neighbor j, if �� < �� , using values of �� , �� , ���� , � , �
� , and 

according to the type (1), (2), (3), (4), (5) computing ��. 
Step 4 If the individual emotion value P≥1, the emotion value P is updated to 1. 

Algorithm 2 Emotion and motion coupling algorithm 

Input: �� 

Output: �� 
Step 1 Assign the initial speed �� for all individuals, �� = 1.35�/� 

Step 2 Calculate the current position of the individual, and update the density if 

the agent does not reach the target point. 

Step 3 According to algorithm 1 update the emotional value �� of individual i. 

Step 4 Based on the current emotional value and density update individual 

speed. 

Among them, density and speed updates[5] are as follows: 

� =
�

�
                                                                                                              (6) 

�� = �1 + ����	� ∗
��

��
                                                                                      (7) 

In the formula, � is the density around the individual; N is the number of 

individuals within the detection range; S is the area of individual detection range; 

�� is the actual speed of the individual; �� is the initial velocity of the individual. 

3. Experiment and Analysis 

The software used in this experiment is Unity3D and Visual Studio 2019. The 

experimental results are divided into three parts: 1) The influence of having and having 

no manager on emotional infection and crowd movement; 2) The influence of different 

personality ratio on emotional infection; 3) The influence of different number of 

individuals on emotional infection and crowd movement in the absence of managers. In 

the experiment, the �  values of emotional infection receptivity of individuals with 

different personalities[5] are as follows: For O-type individuals, the value is 0.35, For C-

type individuals, the value is 0.20, For E-type individuals, the value is 0.15, For A-type 

individuals, the value is 0.30, and for N-type individuals, the value is 0.15. 
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3.1. Scene Setting 

The simulation scene is a classroom 8m long and 7m wide. The size of the indoor desk 

is 0.6m*0.4m*0.5m, the outlet is 1m wide. According to the actual earthquake 

monitoring, students fled from the front door during earthquake evacuation, so only one 

exit was set up in the scene. The classroom layout is shown in figure 1. Where, the radius 

of the individual is 0.19m[12], according to the highest density of 9 people /�� in crowd 

crowding, the radius of emotional infection is 0.56m. 

 

Figure 1. Classroom layout. 

3.2. Analysis of Experimental Results 

(1) Experiment 1: Administrator or no administrator 

In order to verify the influence of teachers on the speed of emotional infection and 

evacuation, the number of experimental agents is set as follows: In the case of no teacher, 

50 agents were set in the classroom scene. In the case of teachers, set up 51 agents. Figure 

2 and figure 3 show the comparison of evacuation speed and emotional infection speed 

with and without teachers. 

     
Figure 2. Evacuation time with or without a manager. 
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Figure 3. The rate of emotional infection with or without a manager. 

Analyze the results of figure 2 and figure 3: Comparison of evacuation speed is 

shown in figure 2. At the initial stage of evacuation, the evacuation speed of students 

without teachers is faster than that with teachers. After 14s, the evacuation speed with 

the teacher is higher than that without the teacher. This indicates that when there is no 

teacher, the rapid infection of panic leads to a sharp increase in the movement speed of 

students. As the speed increases rapidly, students are jammed at the door at 14s, which 

leads to a decrease in evacuation speed after 14s. However, when there is a teacher, the 

evacuation speed remains stable and there is no congestion phenomenon when there is 

no teacher, so the evacuation time is shorter when there is a teacher than when there is 

no teacher. 

It can be seen from figure 3 that the infection rate in the absence of a teacher is faster 

than that in the presence of a teacher, which is consistent with the changing trend of 

evacuation speed in figure 2. The rapid infection rate led to the rapid spread of panic, 

which made the students move faster, and the evacuation time was longer in the case of 

faster speed, which also confirmed the phenomenon of "fast is slow". 

(2) Experiment 2: Different personality 

In order to verify the influence of different personalities on emotional infection in 

evacuation process, experimental simulation was carried out on the basis of 50 agents. 

Figure 4 shows the emotional infection of open individuals (O) with different proportions 

in the total number of people. The proportions of open individuals (O) are set as 20%, 

40%, 60% and 80% respectively. 

 

Figure 4.  The influence of O-type individuals on emotional infection. 

The results of figure 4 were analyzed: among the five types of individuals with 

different personalities, the open individuals had the largest receptivity to emotional 

infection and had a strong receptivity to emotional infection. With the increase of the 

proportion of open individuals, the infection time also accelerated. For example, when 

open individuals account for 20% and 80%, when the proportion is 20%, all individuals 
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need 5s to be infected; When the proportion is 80%, it only takes 4s for all individuals to 

become infected. It can be seen that different proportions of individual personalities have 

different effects on emotional infection, and play an important role in the process of 

emotional infection. 

(3) Experiment 3: No administrator, different number of users 

In this experiment, the number of evacuees was set as 10, 20, 30, 40 and 50, 

respectively, to study the influence of different numbers on emotional infection and 

evacuation efficiency. 

       

Figure 5.  Influence of different number of people on evacuation efficiency 

 

Figure 6.  Influence of different number of people on emotional infection 

Analysis of the results in figure 5: Different numbers of people have different 

influences on evacuation efficiency. With the increase of number of people, evacuation 

efficiency decreases and evacuation time increases. When the number of people is 10, 

the evacuation time only needs 7s; When the number of people is 50, the evacuation time 

is as long as 37s, so it can be seen that the more people, the lower the evacuation 

efficiency. Analysis of figure 6: It can be seen from figure 6 that, with the increase of the 

number of individuals, the speed of emotional infection actually slows down. This is 

because the fewer people there are, the larger the distance between individuals is, and 

the smaller the population density is, so the infection speed slows down, which is 

consistent with the reality. 

4. Conclusion 

Based on previous research models, this paper explores the simulation of classroom 

crowd behavior in emergency situations, and studies the crowd evacuation and emotional 

infection phenomena under the circumstances of management with and without 
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administrators, different proportions of individual personalities and different numbers of 

individuals. The experiment shows that once an emergency occurs, the group emotion 

will rapidly develop into panic emotion, so regulating the group emotion, controlling the 

spread of panic emotion and stabilizing individual behavior can reduce the possibility of 

crowding accident. In the event of an emergency, there is a risk of crowding at the exit 

due to emotional infection. The presence of an administrator can improve the efficiency 

of evacuation and reduce risks, and also verify the phenomenon of "fast is slow". In 

addition, according to the results of evacuation time under different proportions of 

personality individuals, the more extroverted individuals, the faster the emotional 

infection rate, which verified the authenticity of the model. When the number of people 

in the classroom is different, the emotional infection speed and evacuation efficiency are 

also different. The more the number of people in the classroom, the faster the emotional 

infection speed and the lower the evacuation efficiency. Thus, controlling the number of 

people is beneficial to the stability of group mood. Future research should focus on the 

optimization of emotional infection models, such as the emotional sending ability of 

individuals with different personalities and the mechanism of emotional infection in 

other scenarios. 
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