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ABSTRACT 

 

 

 

The studies of pedestrians walking speed and psychological distance in both indoor 

and outdoor are important for understanding the walking behaviours especially in the 

Malaysian context. In order to obtain relevant information on pedestrians walking 

behaviours, it is essential to conduct some investigations on factors that are influencing 

the walking speed and psychological distances among pedestrians which are age, 

gender, relationship status, and location. This is because the outcomes can be various 

due to the difference of the aforementioned factors. In this research, data acquisition 

was executed using video recording method and the data that were obtained were 

extracted using a tool named Human Behavior Simulator (HBS) that was plugged-in 

into Autodesk Maya. Walking speeds were analysed between two locations which are 

bus terminal and two shopping malls namely Terminal Bersepadu Selatan (TBS), 

MyTown Shopping Centre and Sunway Velocity Mall. In overall, the fastest walking 

speed was obtained at bus terminal and the slowest was obtained at shopping mall with 

the average walking speed of 1.03 m/s and 0.85 m/s respectively. Also, the average 

walking speed were also affected by three other factors which are gender, age and 

baggage. Male pedestrians walked averagely 5% to 16% faster than female 

pedestrians. Meanwhile, male adults walked around 7% to 16% faster than male senior 

adults while female adults walked around 11% to 22% faster than female senior adults 

at both bus terminal and shopping malls. Other than that, pedestrians that were walking 

without carrying baggage were faster within the range of 4% to 13 % in term of 

percentage than those without carrying baggage. In psychological distance, the factors 

of relationships and genders had given significant impacts on the results in which the 

differences that occurred during the observations were around 20% to 56% of gap 

differences in term of percentage between pedestrians with and without relationship. 
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ABSTRAK 

 

 

 

Kajian berkaitan dengan kelajuan dan jarak psikologi di antara pejalan kaki di kawasan 

dalam dan luar bangunan adalah penting untuk memahami perilaku yang wujud pada 

pejalan kaki terutama dalam konteks Malaysia. Untuk mendapatkan maklumat yang 

relevan mengenai tingkah laku pejalan kaki, adalah penting untuk menjalankan 

beberapa penyiasatan mengenai faktor-faktor yang mempengaruhi kelajuan berjalan 

dan jarak psikologi di kalangan pejalan kaki berkaitan umur, jantina, status hubungan, 

dan lokasi. Ini kerana hasil kajian adalah berbeza atas pengaruh faktor tersebut. Dalam 

kajian ini, dapatan data kajian telah dijalankan menggunakan kaedah rakaman video 

dan data yang diperolehi telah diekstrak dengan menggunakan alat yang dinamakan 

Human Behavior Simulator (HBS) yang dimasukkan ke dalam perisian Autodesk 

Maya. Halaju pejalan kaki telah dianalisis di antara dua lokasi iaitu terminal bas dan 

dua pusat membeli belah bernama Terminal Bersepadu Selatan (TBS), MyTown 

Shopping Centre dan Sunway Velocity Mall. Secara keseluruhan, kelajuan berjalan 

terpantas diperolehi di terminal bas dan yang paling perlahan diperolehi di pusat 

membeli-belah dengan kelajuan berjalan purata masing-masing adalah 1.03 m/s dan 

0.85 m/s. Selain itu, purata halaju pejalan kaki juga dipengaruhi oleh tiga faktor lain 

iaitu jantina, umur dan bagasi. Pejalan kaki lelaki berjalan secara purata 5% hingga 

16% lebih cepat daripada pejalan kaki wanita. Sementara itu, lelaki dewasa berjalan 

sekitar 7% hingga 16% lebih cepat daripada lelaki dewasa senior, manakala wanita 

dewasa berjalan sekitar 11% hingga 22% lebih cepat daripada wanita dewasa senior di 

semua lokasi kajian. Selain itu, pejalan kaki yang berjalan tanpa membawa bagasi 

lebih cepat dalam lingkungan 4% hingga 13% dari segi peratusan berbanding mereka 

yang tidak membawa bagasi. Dalam jarak psikologi, faktor hubungan dan jantina 

memberi kesan yang signifikan terhadap keputusan yang diperolehi di mana perbezaan 

jarak yang wujud di antara pejalan kaki semasa kajian dijalankan adalah sekitar 20% 

hingga 56% atas perbezaan status hubungan. 

  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

vii 

 

 

 

 

 

CONTENTS 

 

 

 

DEDICATION                 iii 

ACKNOWLEDGEMENT                iv 

ABSTRACT                  v 

ABSTRAK                        vi 

CONTENTS                  vii 

LIST OF TABLES                 x 

LIST OF FIGURES                 xi 

LIST OF SYMBOLS AND ABBREVIATIONS             xiii 

 

CHAPTER 1 INTRODUCTION       1 

  1.1 Overview       1 

  1.2 Problem statement      2 

  1.3 Research questions      3 

  1.4 Objectives       3 

  1.5 Scopes and limitations of research    4 

  1.6 Contributions of study     5 

  1.7 Thesis outlines      5 

 

CHAPTER 2 LITERATURE REVIEW      7 

  2.1 Overview       7 

  2.2 Pedestrians flow simulation model    8 

   2.2.1 Macroscopic simulation model   9 

2.2.2 Microscopic simulation model   10 

2.2.3 Hybrid simulation model    10 

  2.3 Factors affecting humans walking behaviour   11 

   2.3.1 Individual characteristics    13 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

viii 

 

   2.3.2 Physiological conditions    13 

2.3.3 One-to-one interaction    14 

   2.3.4 Uni-directional motion    15 

   2.3.5 Bi-directional motion     15 

  2.4 Psychological Distance     16 

2.5 Applications of pedestrian studies    17 

2.6 Summary       18 

 

CHAPTER 3 METHODOLOGY       19 

  3.1 Introduction       19 

  3.2 Planning of works      20 

  3.3 Data acquisition: Locations and categories   21 

  3.4 Data acquisition: Steps of using Human Behaviour  

   Simulator (HBS)      26 

  3.5 Data analysis: Extracting data for walking speed and 

psychological distance      30 

  3.6 Data analysis: Statistical analysis    31 

  

CHAPTER 4 FINDINGS AND DISCUSSIONS     34 

  4.1 Introduction       34

  4.2 Average walking speed of pedestrians   35 

   4.2.1 A comparison of the average walking speed 

between pedestrians with baggage and 

pedestrians without baggage     35 

   4.2.2 Average walking speed of pedestrians at bus 

    terminal and shopping mall    37 

   4.2.3 Impact of gender, age, location, and baggage 

    to the walking speed of pedestrians   39 

  4.3 Psychological distance of pedestrian    42 

   4.3.1 Psychological distance of pedestrians based on 

genders      43 

   4.3.2 Factors that are affecting the psychological 

    distance between pedestrians    45  

 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

ix 

 

 

CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS   49 

  5.1 Introduction       49 

5.2 Average walking speed of pedestrians   49 

  5.3 Average psychological distance of pedestrians  50 

  5.4 Recommendations      51 

REFERENCES         52 

APPENDICES         62 

  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

x 

 

 

 

 

 

 

LIST OF TABLES 

 

 

 

 

2.1 Comparison of pedestrians walking speeds in different countries 12 

3.1 Group categorizations based on gender and age for pedestrians  

walking speed        23 

3.2 Calculation of distance between two coordinates   31 

3.3 One Sample T-test analysis      32 

3.4 Independent Samples T-test      33 

4.1 Average walking speed of pedestrians with baggage   35 

4.2 Average walking speed of pedestrians without baggage  36 

4.3 Average walking speed of pedestrians walking with baggage 

and without baggage correspond to age    36 

4.4 Average walking speed at bus terminal    37 

4.5 Average walking speed at shopping malls    37 

4.6 Independent sample T-test analysis of pedestrians  

walking speed        39 

4.7 Psychological distance between pedestrians with relationship  

at bus terminal        43 

4.8 Psychological distance between pedestrians with relationship  

at shopping mall       43 

4.9 Psychological distance between pedestrians without relationship  

at bus terminal        44 

4.10 Psychological distance between pedestrians without relationship  

at shopping malls       44 

4.11 Independent samples T-test analysis of pedestrians  

psychological distance      47 

  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

xi 

 

 

 

 

 

 

LIST OF FIGURES 

 

 

 

 

2.1 Illustration of pedestrian’s Psychological Distance   17 

3.1 Workflow of research       20 

3.2 Observation area of Terminal Bersepadu Selatan (TBS)  22 

3.3 Observation area of Sunway Velocity Mall    22 

3.4 Observation area of MyTown Shopping Centre   22 

3.5 (a) Male pedestrian within the age from 13-39 years old walking  

at the main lobby of the bus terminal     23 

3.5 (b) Female pedestrian within the age from 13-39 years old walking  

at the main lobby of the bus terminal     24 

3.6 (a) Male pedestrian within the age from 40-69 years old walking  

at the main lobby of the bus terminal     24 

3.6 (b) Female pedestrian within the age from 40-69 years old walking  

at the main lobby of the bus terminal     25 

3.7 (a) Psychological distance for ‘Male next to female’ condition  25 

3.7 (b) Psychological distance for ‘Male next to male’ condition  26 

3.7 (c) Psychological distance for ‘Female next to female’ condition 26 

3.8 Creating a new camera      27 

3.9 Selection of camera1 for perspective view    28 

3.10 Import of sequences images      28 

3.11 The rectangular polygon drawn in accordance to the ratio of  

actual dimension to fit with the sequence in image scale adjusted  

process        29 

3.12 Coordinates of a pedestrian’s movement in every 1 second  30 

3.13 Example of the generated coordinates to obtain psychological  

distance between two pedestrians using HBS software  31



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

xii 

 

3.14 Example of the generated coordinates to obtain walking speed of  

a pedestrian using HBS software     31 

4.1 Graph of the comparison between the average walking speed  

of pedestrian at bus terminal and shopping mall   38 

4.2 The comparison of Psychological Distance between  

‘Pedestrians with relationship’ and ‘Pedestrians without  

relationship’ at bus terminal      46 

4.3 The comparison of Psychological Distance between  

‘Pedestrians with relationship’ and ‘Pedestrians without  

relationship’ at shopping mall      46 

  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

xiii 

 

 

 

 

 

 

LIST OF SYMBOLS AND ABBREVIATIONS 

 

 

 

 

l - distance 

speed - v 

m - meter 

s - second 

HBS - Human Behavior Simulator 

JKJR - The Road Safety Department of Malaysia 

TBS - Terminal Bersepadu Selatan 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

CHAPTER 1 

 

 

INTRODUCTION 

 

 

 

1.1 Overview 

 

Walking is one of the effective modes of transportation to travel that are chosen by the 

pedestrian for either short or long trips (Chandra and Bharti, 2013). Each person has 

different rate of walking speed and people tend to walk at the speed that they find most 

comfortable for themselves. Every single person can be classified as pedestrian 

because people do walk every single day.  

According to the Department of Survey and Mapping Malaysia, (2018), the 

total population in Kuala Lumpur has reached 1.8 million people, and rapid 

development of public transportation has encouraged more people walking to get 

public transports such as public bus, Mass Rapid Transit (MRT) and Light Rail Transit 

(LRT) in order to decrease and to avoid traffic congestion. This is stated by the 

Ministry of Transports Malaysia, (2017) in the Transport Statistics Malaysia 2017 

report where the statistic of rail transports’ users had increased 11.45% in total which 

is from 169,091,133 users in 2016 to 190,958,899 users in 2017. 

Pedestrianization has become an essential part of the integral well-planned 

modern urban design to overcome crowd issues among pedestrians (Rahman et al., 

2012: Lam & Cheung, 2000). Also, it has become an option to the government to plan 

the cities’ environment to be more pedestrian-friendly particularly in the developing 

parts of Malaysia. However, crowd conditions may occur when more people choose 

to walk at either indoor or outdoor walking facilities, and it is essential to conduct the 
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investigations about pedestrian crowd behaviours in order to understand the 

complexity of the situation. 

The studies of crowd dynamics had started about four decades ago but mainly 

in western countries. It was started due to the concerns about the flow of pedestrian 

that is divided into two parts which are at indoor and outdoor facilities (Lam & 

Cheung, 2000). Many researchers had discovered that the common factors that give 

influences on the walking speed of a person are gender and age. Hence, earlier studies 

from some researchers have proven that there are significant differences in walking 

speed between male and female pedestrian at different age categories (Lowry et al., 

2017; Izawa et al., 2015; Abustan, 2013; Chandra & Bharti, 2013; Asher et al., 2012; 

Goh et al., 2012; Abadi, Muhamad & Salamuddin, 2010; Chung & Wang, 2010; 

Samson et al., 2001).  

 

1.2 Problem Statement 

 

Nowadays, the research of crowd dynamics of pedestrians had attracted more 

researchers to implement their experiments in understanding the pedestrian behaviours 

in order to improve the needs of reliable information for designing more refined 

simulation models of pedestrian dynamics. Moreover, the findings in this field of 

research are beneficial for the use of simulation model to analyse about the systematic 

evacuation planning due to emergency cases such as fire, earthquake, festival, design 

of pedestrian facilities and other related research fields (Abdelghany, A., Abdelghany, 

K. & Mahmassani, 2016; Huo et al., 2016; Park et al., 2013; Moussaid et al., 2010; 

Helbing et al., 2005). 

As quoted by Rahim, (2015), structure fires incidents that include shopping 

malls have slightly increased at the percentage of 6.8% with 5447 cases and 5817 cases 

were recorded in 2012 and 2013. Structure fire cases often cause the greatest loss of 

money and property, both directly and indirectly, and it also may cause the loss of life. 

This is one of the reasons of how important it is to investigate the human walking 

behaviour in improving the evacuation system. 

In order to obtain reliable information on pedestrians walking behaviours, it is 

essential to conduct some investigations on factors that are influencing the walking 

speed and psychological distances among pedestrians. This is because the outcomes 

can be various due to the difference of environment of each location. As quoted by 
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Lam & Cheung (2000), a comprehensive review of Asian pedestrian characteristics 

can be found in Morrall, Ratnayake & Seneviratne, (1991) in which a comparison of 

the pedestrian characteristics in Canadian and Asian cities was made, and the authors 

had concluded that the pedestrian planning standards for Asian countries should be 

based on local pedestrian characteristics. Moreover, Tanaboriboon & Guyano (1989) 

had explained that the walking facilities in Asian countries should not adopt the 

Western pedestrian design standards directly due to the smaller physique of Asian 

people that tend to require less space and are more tolerant to invasion of space. 

Therefore, the local design standards are required for pedestrian facilities in Asian 

countries, and local authorities (Lam & Cheung, 2000). Since Malaysia is part of Asian 

countries, it is necessary to understand the behaviours of Malaysian pedestrians due to 

the difference of physique, walking speed and the preferable personal area in 

comparison with western countries. 

Additionally, Azmi et al., (2012) had quoted that in the Malaysian context, the 

comfortable walking distance of 400m for various age groups within the duration of 5 

minutes is different, as what had been recorded by a planning report on a special 

development area in Berjuntai Bestari, Selangor. Based on the report, the findings of 

walking speed were different in regard to age differences that were divided into three 

groups with the walking speed of 0.63 m/s for elderly and pre-schoolers, 0.64 – 1.27 

m/s for primary school children, and 1.27 – 2.00 m/s for teenager and adults (Azmi et 

al., 2012). Hence, the walking speed and psychological distance of pedestrians in 

Malaysia must be investigated due to the factors of those differences that were 

identified by the previous researchers.  

 

1.3 Research questions 

 

1. What are the factors that significantly influence the walking speed of 

pedestrians? 

2. Are gender differences and relationship status significantly affecting the 

occurrence of psychological distance among pedestrians? 

 

1.4 Objectives 

 

The main objectives of this research are: -  
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1. To determine the walking speed of pedestrian at bus terminal and shopping 

malls;  

2. To determine the psychological distance of pedestrian at bus terminal and 

shopping malls; 

3. To make a statistical comparison between the results of the pedestrian walking 

speed and psychological distance between bus terminal and shopping malls. 

 

1.5 Scopes and limitations of research 

 

This research was conducted in Kuala Lumpur, Malaysia at two different locations in 

which the places are different in terms of purposes and functions of the buildings as 

well as the environment. The first observation was conducted at Terminal Bersepadu 

Selatan (TBS) and the other observations were conducted at two shopping malls which 

are MyTown Shopping Centre and Sunway Velocity Mall.  

The experiments were divided into two parts which are pedestrian walking 

speed (Objective 1) and psychological distance of pedestrian (Objective 2). For 

walking speed part, the data had been analysed based on gender and age range. The 

groups of pedestrians were categorized into 7 groups which are children (9 to 12 years 

old), men and women adult (13 to 39 years old), men and women senior adult (40 to 

69 years old), and citizen over 70 years old. The analysis of pedestrians psychological 

distance were divided into two main categories, namely ‘Pedestrians with relationship’ 

and ‘Pedestrians without relationship’, and each category were analysed based on three 

sub-categories, namely ‘Male next to female’, ‘Male next to male’ and ‘Female next 

to female’. A tool named Human Behavior Simulator (HBS) had been used for 

extracting the data in coordinates form from the video recording that was taken during 

the observation. Further explanation is given in Chapter 3. 

In order to obtain reliable data of walking speed and psychological distance 

among Malaysian pedestrian in a natural way, the video recording process was 

conducted hiddenly without being noticed by the pedestrians in each location. Hence, 

the age and gender classifications were done photographically. Moreover, the 

relationship that was meant in this research for the psychological distance analysis was 

the type of relationship that include friendships and family members that were 

classified based on the constant communications that could be seen in the video. 
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However, the observation could only be conducted in Kuala Lumpur due to the time 

and financial constrain in getting data from all states of Malaysia. 

 

1.6 Contributions of study 

 

The design of urban infrastructures, traffic management, crowd safety during mass 

events or evacuation processes require further understanding about the pedestrians 

behaviour that are different in all locations. Therefore, the development of reliable and 

useful simulation models for Malaysian standard is necessary by understanding the 

local interaction laws underlying collective crowd dynamics. Hence, this research 

study is proposed in order to obtain better understanding of pedestrians walking 

behaviour that involve walking speed and psychological distance in Malaysia 

specifically Kuala Lumpur. Consequently, the motion of pedestrians in a complex 

collective characteristics can be easier to be predicted. This research is also beneficial 

for providing more knowledge in creating simulation models for the case of Malaysia 

in the future. 

 

1.7 Thesis outlines 

 

This thesis is organized into five chapters. Chapter 2 presents a literature review that 

are related to the types of simulation models which are macroscopic simulation model, 

microscopic simulation model, and hybrid simulation model. Factors that are 

influencing the walking behaviours of pedestrians and the applications of this research 

field are also being discussed in this chapter. 

 Chapter 3 aims to explain the methodology applied in this research in order to 

achieve the main objectives. The steps involved are explained starting with the data 

acquisition through video recording method. Hence, the data required were extracted 

using a tool named Human Behavior Simulator (HBS) that was plugged-in into 

Autodesk Maya. Data analysis were divided into two major analysis which are 

pedestrians walking speed and psychological distance. Statistical analysis was done 

using Statistical Package for the Social Sciences (SPSS) software through Independent 

Samples T-test in order to get the significance of all comparisons of the results that 

were obtained. 
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 Chapter 4 presents the findings and discussions for both walking speed and 

psychological distance of pedestrian case studies at bus terminal and shopping mall. 

The findings of walking speed part consist of four main categories which are the 

average walking speed of pedestrians with baggage, average walking speed of 

pedestrians without baggage, average walking speed of pedestrians at bus terminal, 

and average walking speed of pedestrians at shopping mall. Meanwhile, the findings 

of psychological distance analysis consist of two main categories which are among 

pedestrians with relationship and pedestrians without relationship at both bus terminal 

and shopping mall. Lastly, all findings were compared and analysed statistically in 

order to find the significance of each finding, and further explanations are given in this 

chapter. 

 Chapter 5 summarizes the entire chapters and conclusions are made. Also, the 

recommendations for future research are also given and discussed.
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LITERATURE REVIEW 

 

 

 

2.1 Overview 

 

Crowd dynamics of pedestrians that are related to human behaviours are apparently 

giving implications on the activities of architects, designers and urban planners 

(Manzoni & Sterlacchini, 2014; Helbing et al., 2005). This is due to the consideration 

of the urbanization progress globally, and some issues in organizing and managing 

crowd flow at public events such as carnivals, concerts, gatherings, Olympic games, 

and pilgrimages. Also, creating places that are naturally designed for crowding 

situations such as subway, stadium and airports need the knowledge of pedestrian 

studies (Khan et al., 2016; Lian et al., 2016; Rastogi, Thaniarasu & Chandra, 2010). 

Hence, this chapter focuses on the topics that are related to pedestrians studies 

which are the existing simulation models that include microscopic, macroscopic and 

hybrid models. Furthermore, factors that are affecting the pedestrians' walking 

behaviour are also being discussed in this chapter that includes personal characteristics 

of the human, physiological environment, one-to-one interaction, uni-directional 

motion, and bi-directional motion. The psychological distance of pedestrian plays an 

important role in understanding pedestrian crowd dynamics and this topic is discussed 

with further explanation on human proxemics that influences the personal gap between 

humans. The applications of pedestrians studies are discussed in the last subtopic of 

this chapter in which the applications are related to crowd management, public space 

design, virtual environments, visual surveillance, and intelligent environments.
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2.2 Pedestrian flow simulation model 

 

The studies of human crowds and pedestrian walking behaviours had started in the 

past four decades ago but mainly in western countries (Lam & Cheung, 2000). These 

research studies had attracted more attention to many researchers, and it became one 

of the important research fields not only in engineering but also in other fields such as 

computer science, mathematics, physics, psychology, urban planning, architecture and 

humanities (Li & Han, 2015; Vizarri & Bandini, 2013). In engineering field, pedestrian 

traffic flow simulation models were invented due to the needs in making predictions 

of the pedestrian movement behaviour in various kinds of environment in order to help 

decision-makers to carry out safety and congestion assessments of congested 

pedestrian networks, by implementing the evaluation and analysis of data that can be 

obtained from the experiments. Also, studying pedestrian evacuation can help the 

engineers to optimize architecture design to decrease the number of injury and death 

due to disordered evacuations (Li & Han, 2015). Hence, it will help to identify the 

problem solutions to increase the safety level for pedestrians from getting injured when 

being involved in any emergency situations. Also, the implementation of simulation 

models in studying crowd dynamics of pedestrian is cost-efficient in comparison with 

the implementation of experiments that require the involvement of volunteers 

(Moussaid et al., 2016; Bazghandi, 2012).  

The applications of crowds simulation models are numerous, and it covers 

about the study of the motion of people in both opened-areas and confined-areas. 

Additionally, some simulation models can validate human behaviour models by 

considering psychology and sociology factors under different environmental situations 

such as panic situations and emergency cases (Li et al., 2014; Desmet & Gelenbe, 

2013; Helbing et al., 2005). Nevertheless, numerous models have been proposed in 

recent years with the goal of representing a precise crowd behaviour situations in 

response to the complexity of human behaviour (Kabalan et al., 2016). As suggested 

by many researchers, the pedestrian flow characteristics are divided into two categories 

which are microscopic level and macroscopic level as discussed in the following 

section.  
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2.2.1 Macroscopic simulation model 

 

In macroscopic model, the crowd is described as liquid-based properties, giving rise 

to macroscopic approaches and these models describe how the speed and density of 

the pedestrian flow change over time using partial differential equations (Kabalan et 

al., 2016). This approach is based on some comparisons with fluid behaviour that had 

been observed at medium and high crowd densities. While this approach could be 

partially confirmed, it does not take into consideration certain particular interactions, 

such as avoidance and deceleration maneuvers and the attention were then switched to 

modelling individual pedestrian motion (Kabalan et al., 2016). Moreover, a 

macroscopic traffic model involving traffic flux, traffic density and speed forms the 

basis of the fundamental diagram, and it can be used to predict the capability of a road 

system, or its behaviour when applying inflow regulation or speed limits, and also can 

be applied similarly to the flow of pedestrians along walkways (Gupta & Pundir, 

2015).  

There are two types of macroscopic simulation models were mostly presented 

in the previous researches and the first type of the macroscopic simulation model is 

network models that simulate the movements of pedestrians through a network using 

graph theory. Lovas, (1994) had used a simulation model named EVACSIM 

simulation program that concern about some factors that are focusing on human 

behaviour and pedestrian movement in highly stressed emergency evacuations. 

Daamen, (2002) used SimPed that is able to visualize and quantify the effects of a 

layout design choice on the pattern of passenger flows through the pedestrian area. 

One of the characteristics of that model is its ability to model public transport processes 

that are concerning about their influences on the pedestrian behaviours such as 

pedestrian transfers from a bus to a train, pedestrians purchasing tickets and passengers 

boarding on trains. However, due to the lack of detail in the descriptions of the 

movement dynamics, these models are not capable of predicting the effect key features 

of crowd movements, such as for instance phase transitions and self-organization 

patterns (Duives, Daamen & Hoogendoorn, 2016). 
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2.2.2 Microscopic simulation model 

 

Next, microscopic models which are agent-based models are now the main focus of 

pedestrian research. These models are the best option to treat decentralized decision 

making, local-global interactions, self-organization, emergence and effects of 

heterogeneity in a complex system. The most well-known types of agent-based models 

are the force-based models, cellular automata, and artificial intelligence-based models 

(Kabalan et al., 2016). The main differences between these models lie in the 

representation of the environment in either discrete or continuous, level of complexity 

and the nature of pedestrian to pedestrian interactions: force-based, rule-based, 

cognitive and etc. 

The microscopic performance indicator is related to the walking properties of 

people such as walking speed, the direction of walking and the pedestrians’ position. 

Meanwhile, macroscopic performance indicators are driven by the microscopic 

indicators such as the number of the pedestrian at one location over a time. Therefore, 

these two indicators both microscopic and macroscopic performance indicators are 

vital in the study of the complexity of the crowd dynamics among pedestrians in 

different type of social activities because every single indicators are connected to one 

another where microscopic pedestrian computer simulations are used to forecast 

macroscopic performance indicators (Alonso-Marroquin et al., 2014). 

 

2.2.3 Hybrid simulation model 

   

Hybrid model is a type of simulation models that attempt to consider the importance 

of both microscopic and macroscopic simulation models (Abdelghany et al., 2016; Li 

& Han, 2015; Xiong et al., 2009; Banerjee, Abukmail & Kraemer, 2008). In hybrid 

models, both microscopic and macroscopic part are either entirely overlapping in time 

and space and that are used sequentially or separately at different time intervals or at 

different areas of the infrastructure that is depending on the stability of the traffic state. 

Banerjee et al., (2008) adapted a scalable layered intelligence technique from the game 

industry for agent-based crowd simulation and the authors extended this approach of 

pedestrian simulation program for planned movements, pursuance of assignable goals, 

and dynamically introduced obstacles or threats avoidance while keeping the system 

scalable with the number of agents.  
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Xiong et al., (2009) adopted multi-resolution modelling to overcome the 

problems that had been analysed for crowd simulation purpose. However, most hybrid 

models tend to fall back on the microscopic part of the simulation model in 

complicated flow situations and such condition did happen in the intersecting flow 

situations and this can be proven by the data analysis from Xiong et al., (2009) where 

the unstable crowd movement can be analysed by using microscopic simulator and 

when the crowd movement is stabilized, the simulator will switch back to macroscopic 

mode. Consequently, the computation speed of hybrid models tends to decrease 

especially at the instances where the complexity and scale of the flow situation renders 

microscopic modelling impractical. 

 

2.3 Factors affecting humans walking behaviour 

 

Many research papers indicate factors that influence the actual physical movement 

dynamics of pedestrians during large-scale events. Some of the descriptive factors 

mentioned in the research literature are related to the demographic characteristics of 

the pedestrians, such as age and gender (Bohari, Bachok & Osman, 2016; Asher et al., 

2012; Rahman et al., 2012). As reviewed by Asher et al., (2012), there are contrasts in 

terms of view and preferences in both male and female while walking. Also, the natural 

traits between genders can affect and give impact to the gait ability in terms of body 

size, skeletal alignment and muscle strength (Chung and Wang, 2010). This can be 

proven by the findings of Abadi et al., (2010) in which the average walking speed for 

male pedestrian was 0.3m/s faster with the average speed of 1.5 m/s than the average 

walking speed for female that was obtained as 1.2 m/s.  

Furthermore, based on the previous studies for Malaysian pedestrian case, 

Abustan, (2013) had concluded that the walking speed for Malaysia case at a crosswalk 

in Penang was 1.16m/s which was slower than 1.22 m/s (4 ft/s) as what has been 

recommended by the Public Work Department (JKR) of Malaysia as the walking speed 

that is embraced from other country counterparts (Goh et al., 2012). On the contrary, 

Goh et al., (2012) had conducted the same experiment for Malaysia case but in other 

location which was Kuala Lumpur that is more developed than Penang, and the authors 

had found that the average walking speed of pedestrian was 1.39 m/s which is higher 

than the recommended walking speed by the JKJR and also higher than the result that 

was obtained by Abustan, (2013) due to the difference in terms of case study and age 
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groups classification. Another factor that may affect the walkability of a pedestrian are 

location and walkway facilities as reported by Rahman et al., (2012). The authors had 

conducted a research on pedestrian walking speed at three different locations in Dhaka, 

Bangladesh namely Commissioner’s Market Sidewalk, Kazi Nazrul Islam Avenue, 

and Mirpur Road where they have obtained three different rates of walking speed 

which are 1.10 m/s, 1.20 m/s and 1.17 m/s respectively. Also, the fact that walking 

speed may differ not only in term of location in a particular country, but also differ in 

every countries as interpreted in Table 2.1 that was reported by Abustan, (2013), Goh 

et al., (2012), Rahman et al., (2012). 

 

Table 2.1 Comparison of Pedestrians Walking Speeds in Different Countries 

(Abustan, 2013; Goh et al., 2012; Rahman et al., 2012) 

Country 
Average Walking 

Speed (m/s) 
Author(s) 

Asia 

  Riyadh, Saudi Arabia  1.08 Koushki, (1988) 

  Madras, India  1.20 Victor, (1989) 

  Hong Kong  1.20 Lam et al., (1995) 

  Thailand  1.22 Tanaboriboon and Guyano, (1991) 

  Singapore  1.23 Tanaboriboon et al., (1986) 

  Colombo, Sri Lanka  1.25 Morrall et al., (1991) 

  Israel  1.31 Polus and Schofer, (1983) 

  Bangladesh  1.20 Rahman et al., (2015) 

  Malaysia   

    Kuala Lumpur  

    Penang  

1.39 

1.16 

Abustan, (2013) 

Goh et al., (2012) 

United States 

  New York  1.35 Fruin, (1971) 

  Columbia 1.32 Navin and Wheeler, (1969) 

  Pittsburgh  1.47 Hoel, (1968) 

England 

  United Kingdom  1.47 Older, (1968) 

  Austria  1.54 Schmitt and Atzwanger, (1995) 

Calgary, Canada  1.40 Morrall et al., (1991) 

Jordan 1.34 Tarawneh, (2001) 

 

However, there are other factors related to the characteristics of physiological 

environment that is necessary to be put into consideration that pedestrians reside such 

as sunshine, precipitation, temperature and wind (Duives et al., 2015). Some factors 

that are related to the characteristics of the flow situation was also mentioned in the 

previous literature studies (Kabalan et al., 2016; Liao et al., 2014; Jin et al., 2013). 

The focus of this study is on crowd movement dynamics based on different social 

activities. Therefore, it is crucial to understand the humans’ behaviour with respect to 
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