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Abstract: Light is not only a necessary tool for people's life, but also an important tool for public 

facilities. In order to explore the influence of lighting on crowd evacuation, under the premise of 

ensuring personal safety, real person experiment method was adopted to measure the evacuation 

response of volunteers under different degrees of lights. Through video analysis and questionnaire 

survey, the physiological, psychological and sports status data of volunteers were obtained, and the 

influence of light on crowd evacuation was explored by using statistical analysis. The results showed 

that the intensity of light and shade had a great impact on the evacuation time and psychology of the 

crowd, and had an impact on the respiration and sweat volume of the volunteers, but had no 

significant impact on the physical condition, blood pressure and heart rate. 
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__________________________________________________________________________________________ 

 

1. INTRODUCTION 

According to incomplete statistics, there have been 72 crowd stampedes worldwide since 2000, 

resulting in 5,210 deaths and 4,007 injuries. Forty percent of the stampedes occurred in poorly light 

conditions. In dim lighting ,it is easy to take place more serious crowd congestion, not conducive to 

evacuation, and even lead to crowd trampling.[1] R. Alizadeh conducted simulation analysis based 

on cellular automata, proving that the lighting environment has certain influence on crowd evacuation 

[2]. Hu[3] discussed the guiding effect of the evacuation indicator light in the case of emergency in 

subway. Ruggiero Lovreglio[4] studied the influencing factors of crowd evacuation, and the results 

showed that light affects the exit selection of crowd evacuation. Existing studies show that light has 

certain influence on crowd evacuation, but there is a lack of in-depth research on how light affects 

crowd evacuation and which factors specifically affect the evacuation process. For crowd evacuation 

research methods, macro-model [5-7] and micro-model [8, 9] are the mainstream methods. Exploring 

pedestrian evacuation rules by building mathematical models is the most popular method in academia. 

In recent years, computer simulation methods are also favored by scholars, such as simulation based 

on cellular automata model [10] and simulation based on multi-agent technology [11]. These methods 

reveal the general rules of crowd evacuation and are conducive to exploring the general rules of crowd 

movement. However, due to the limitations of mathematical models and computer methods, such 

methods do not fully consider the reality and have certain deviations from the reality. 
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In order to explore the influence of light on psychological factors, physiological factors and 

movement trajectory in the process of pedestrian evacuation, this paper adopts the live-person 

experiment method to study the crowd evacuation situation under different lighting conditions, and 

combines video analysis and questionnaire to obtain the corresponding data for statistical analysis. 

2. RESEARCH METHODS 

2.1 Research objects 

In this study, 24 volunteers were selected from a university in China, including 12 males and 12 

females, with an average age of 21 years old and a bachelor's degree or above. The volunteers were 

told in advance that the experiment might be risky, but did not know what it was about. 

2.2 Experimental design 

The experiment was conducted on the morning of November 20, 2016 in a classroom of school of 

management, a university in Wuhan. By adjusting the position of desks and chairs, the experiment 

area was accessible, with an area of about 12 square meters. During the experiment, the back door of 

the classroom was closed and only the front door was left as the exit. Cameras were placed at the door 

and in front of the classroom to record the experiment. 

In the preparation stage of the experiment, each volunteer was numbered, and the number plate was 

placed in a prominent position. Basic physiological and psychological indicators were tested for each 

volunteer, and basic information such as gender, age, height and weight were obtained, and normal 

heart rate, blood pressure and pulse rate were measured. At the same time, the volunteers were 

informed of the matters needing attention in the process of the experiment, so that they could easily 

deal with it and face the experimental situation calmly. In the experiment, there were two security 

personnel responsible for the safety of volunteers, one commander and two timekeepers. 

Experiment 1, normal light (evacuation under normal conditions). First, the volunteers were allowed 

to walk around the experimental area at will. When the commanding officer issued evacuation 

instructions, the volunteers quickly left the experimental area and evacuated through the designated 

door, recording the evacuation time of each person. After the experiment, the data of psychological 

and physiological indicators of each participant were tested, and questionnaires were filled in. 

Experiment 2, almost no light (evacuation with full blindfold). In this state, the volunteers could 

hardly see at all, equivalent to no lights at all. The volunteers were first asked to put on an eye mask 

to make sure there was no light coming through the nose. Under the guidance of the security officer, 

the volunteers were first ordered to turn around in line and change their positions. Then the volunteers 

were randomly dispersed and allowed to move freely. The commander issued evacuation instructions. 

After the experiment, the data of psychological and physiological indicators of each participant were 

tested, and questionnaires were filled in. 

Experiment 3, dim light (evacuation under semi-blindfold). In this state, the volunteers had a smaller 

visual range, equivalent to dim lighting. The volunteers were first asked to put on an eye mask, leaving 

some space to let in some light. Under the guidance of the security officer, the volunteers were first 

ordered to turn around in line and change their positions. Then the volunteers were randomly 

dispersed and allowed to move freely. The commander issued evacuation instructions. After the 



Volume 7 Issue 5 2019 

48 

experiment, the data of psychological and physiological indicators of each participant were tested, 

and questionnaires were filled in. 

2.3 Data collection and analysis 

Data collection methods are divided into two methods: questionnaire survey and video analysis. The 

camera equipment used in this experiment is a ball machine and a 360 camera. 

Data sources are divided into three aspects: first, objective data recorded by video, such as evacuation 

time and evacuation path of each person; Second, data measured by instruments, such as heart rate, 

pulse and blood pressure; Thirdly, data filled out by questionnaires after each experiment, such as 

sweating, breathing, psychological status and physical status, were used. 

3. RESULT ANALYSIS AND DISCUSSION 

3.1 Descriptive statistics 

Table 1 descriptive statistics of volunteers' status indicators under three experiments 

Measure 

Normal light Dim light No light 

Mean SD Mean SD Mean SD 

Evacuation time 5.38 2.88 17.75 7.78 35.04 20.22 

Heart rate 91.5 13.226057 95.25 12.560289 94.833333 12.249815 

High pressure 115.72727 20.187648 103.91667 14.120342 112 11.920023 

Low pressure 74.045455 13.414552 67.458333 12.36397 73.541667 10.58292 

Sweat 1.2727273 0.6310851 1.3333333 0.5646597 1.3333333 0.5646597 

Respiratory conditions 1.0454545 0.2132007 1.375 0.4945354 1.4166667 0.5835921 

Psychological situation 1.7727273 1.1518853 2.6666667 1.7110045 3.2083333 1.6934443 

Physical condition 1 0 1.125 0.337832 1.125 0.337832 

Experiment based on three kinds of situations do descriptive statistics analysis, the evacuation time 

are greatly influenced by visibility, in the case of normal lighting, volunteers evacuation took an 

average of 5.38 seconds, dim light cases, the need to 17.75 seconds, while light all cases, the 

volunteers to evacuate the average time of 35.04 seconds, in all cases lamplight, volunteers evacuation 

time of the standard deviation is larger, 20.22, in such a case, differences between the volunteers. The 

difference of heart rate index in the three cases is not significant, which is mainly related to people's 

physical conditions. In the case of dim light, the mean heart rate is the largest, with a value of 95.25. 

The mean blood pressure was lowest in dim light, highest in almost no light, and highest in normal 

light. Sweat volume did not change much, with normal light slightly lower than dim light and almost 

no light. The respiratory and physical conditions of the volunteers fluctuated little and the standard 

deviation value was small in the three experiments. In terms of psychological condition, the 

volunteers had different psychological responses under the influence of lighting factors.  

3.2 Analysis of evacuation time 

In terms of evacuation time, under normal lighting conditions, the line of sight is not restricted, and 

crowd evacuation takes the shortest time. In dim light, similar to dim light, people can see dimly. At 

this time, the time of crowd evacuation is greatly increased. Most volunteers spend about twice the 

time of normal light. In the case of full blindfold, which is equivalent to almost no light, the 
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evacuation time of the crowd is greatly increased, and most volunteers' evacuation path is to grope 

their way. 

 

Fig. 1 comparison of evacuation time in three experiments 

3.3 Analysis of evacuation path 

From the perspective of evacuation path, as shown in Figure 2, there are two main evacuation paths 

for volunteers under normal lights: straight to the door and trot to the door. 59% of them run straight 

to the door, 41% of them trot to the door. In the case of dim light, as shown in figure 3, most of the 

volunteers followed the dim light and evacuated by visible signs, accounting for 54% of the 

population. Another 25% of the volunteers evacuated in the direction of people flow or sound. 21% 

of the volunteers explored and moved forward according to the signs they saw, and then relied on the 

direction of people flow to evacuate. 

In the case of no lights, the evacuation path of volunteers is the most complex (see figure 4). Among 

them, more volunteers were evacuated by constant speed and slow groping, followed by group 

evacuation. Other volunteers were evacuated by stop-and-go groping, circular groping, reverse 

groping and group groping. 

 

Fig. 2 proportion of evacuation path under normal light 
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Fig. 3 proportion of evacuation path in dim light 

 

 

Fig. 4. No human evacuation path at all 

 

Fig. 5 comparison of physiological, psychological and physical indicators in three kinds of 

experiments 
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3.4 Physical, psychological and physical indicators 

According to the experimental results, there was no significant difference in sweat volume and body 

condition indicators under normal lighting, dim lighting and wearing eye patches. In terms of 

breathing conditions, the volunteers breathed smoothly under normal light conditions, but changed 

their breathing from stable to rapid under dim light conditions and wearing an eye mask. In terms of 

psychological condition, under normal light, most of the volunteers were in a state of curiosity, while 

under dim light, most of the volunteers were in a state of anxiety. 

4. CONCLUSION 

In this paper, the effect of light on crowd evacuation was studied by using experimental method. By 

wearing an eye mask to simulate almost no light and half wearing an eye mask to simulate dim light, 

the following conclusions were drawn through statistical analysis of experimental data: 

First, the effect of the lights affects the evacuation time. When the lights were normal, the evacuation 

went smoothly, with most volunteers heading straight for the exit. When the lights are all gone, most 

of the volunteers are groping forward, and the evacuation conditions of different volunteers are 

completely different, the time spent varies greatly, and the average time spent by the volunteers is the 

longest. When the volunteers were exposed to low light, the average person spent more time than 

normal, less time to evacuate when there was no light at all. 

Secondly, the effect of lighting affects the psychological state of evacuees. The dimmer the light, the 

more anxious the volunteers were, with some showing fear, anxiety and anxiety. Psychological state 

will also affect crowd evacuation, reduce the speed of evacuation, increase the time needed for 

evacuation, and even cause crowd stampede. 

Thirdly, the effect of light affects the respiratory condition of the evacuees. When the lights were 

affected -- when there were no lights at all and when the lights were dim -- the volunteers' breathing 

went from steady to rapid. 

In a word, light affects the psychological status and breathing state of the evacuated population, and 

then affects the evacuation effect of the crowd, leading to the increase of evacuation time and the 

impact on the evacuation process. Therefore, in public places, attention should be paid to the design 

of lights, especially in crowded areas, stairs, corners and other places, according to the need to set up 

lights, to ensure the supply of emergency lights under the state of emergency; For pedestrians, when 

the lighting conditions are unfavorable, they should try to keep calm and calm psychological state, 

calm and calm evacuation. Due to the particularity of the experiment, the number of experimental 

samples in this paper is small, and the composition of the volunteer group is relatively simple. It is 

expected to conduct further research in the future. 
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