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Abstract
In crowded large space buildings, safety is one of the most important
concerns for Facilities Managers. Poor health and safety risk management in
buildings such as sports stadiums, concert halls, and religious centres have
resulted in crowd disasters that can be traced back to the behaviour of the users
in various venues across the world. Within the built environment, safety has been
classified into two main parts: objective safety (normative and substantive) and
subjective safety (perceived). In practice, a lot of emphasis has been given to
objective safety, but research has shown that subjective safety is equally
important and cannot be overlooked. Therefore, this thesis focuses on subjective
safety and theorises that a decline in perceived safety will have an influence on
the user behaviour in crowded large space buildings, which ultimately could result
in crowd disaster. The primary aim of this thesis is to investigate the relationship
between perceived safety and user behaviour in crowded large space buildings
to enhance safety during an event.
This thesis has adopted two theoretical frameworks (FIST and Six
dimensions and loci of crowd disaster) and has developed a comprehensive
conceptual model (Subjective Crowd Safety Model (SCSM)) consisting of 12 risk
constructs and 59 items (indicators) of safety in crowded large space buildings.
It chose to use the Holy Mosque in Makkah (356,800 square metres size) as a
case study, a building that is used by a large crowd on a continuous basis all year
round with its peak occupancy of two million users (pilgrims) usually reached
during the Hajj (an annual pilgrimage to Makkah that is undertaken by Muslims
from all over the world). Data was collected using iPad devices via a groupadministered questionnaire distributed to 1940 pilgrims of 62 nationalities.
The results were analysed using Statistical Packages for the Social
Sciences (SPSS) for descriptive analysis and Kruskal-Wallis H Test. Analysis of
Moment Structure (AMOS) was used for Conﬁrmatory Factor Analysis (CFA) and
Structural Equation Modelling (SEM). The results confirmed that there is a
significant relationship between perceived safety and user behaviour in crowded
large space buildings. The findings of the thesis will enable facilities managers to
be aware of: the safety perception of the users of large space buildings; and the
factors that make them feel unsafe.
i
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Chapter 1 Introduction to the thesis
1.1

Introduction
The aim of this chapter is to present an introduction to the thesis. This

research is in the context of Risk Management (Health and Safety) as a
component of Facilities Management (FM) with a particular reference to crowd
safety. The research will bridge the knowledge gap by providing a better
understanding of the relationship between perceived safety and user behaviour
in crowded large space buildings to enhance safety and to minimise the risk of
occurrence of crowd disaster. Safety in the built environment is made up of
objective safety (normative and substantive) and subjective safety (perceived).
The study focuses on the subjective safety (perceived safety) which refers to the
user’s level of perception of risk without considerations of standards or safety
history.
This research has chosen to study the Holy Mosque in Makkah as a case
study, since it is a crowded large space building that is used by many users
referred to in this thesis as ‘pilgrims’. A comprehensive model has been
developed, which shows the extent of the effect of the identified critical risk factors
on perceived safety and how perceived safety affects user behaviour in crowded
large space building. Previous research has established that the most critical
period that the Holy Mosque is stretched to its maximum capacity is during the
Tawaf that takes place during the Hajj; therefore, this study is focused on this
critical period.
1.2

Rationale for Research
The fundamental principle of safety in the built environment is to ensure

that the occupants of a building are safe during normal conditions and also during
emergency events (Sagun et al., 2008). “It is the activity that seeks to minimise
or eliminate hazardous conditions that can cause bodily injury” (Chinda, 2011).
Safety in the built environment has been classified into objective safety and
subjective safety (perceived safety) (Sorensen and Mosslemi, 2009). In an
organisational context, objective safety is measured as the actual number or risk
of incidents or injuries that have occurred in an organisation. While subjective
1

safety is intangible, it refers to the feeling or perception of being safe or unsafe
within a specified period. Numerous studies have been undertaken on objective
safety in the built environment (Helbing and Mukerji, 2012; Nicholson and
Roebuck, 1995; Still, 2000; Wieringa et al., 2016). However, there has been a
lack of research on the subjective safety (perceived safety) particularly in
crowded large space buildings where large numbers of users attend an event.
Moller et al. (2006) highlighted that safety is the inverse of risk; thus the lower the
risk, the higher is the safety. This implies that safety can be achieved by
identifying and mitigating the risk to a tolerable level by using effective risk
management approaches. Booty (2009) stated that each large space building
used by a large number of people (crowd) is normally surrounded by diverse
types and levels of risk, thus requiring effective management. Leopkey and
Parent (2009), defined risk management as a proactive approach to eliminating
threats to an organisation through anticipating, identifying, assessing and
mitigating the possible risks. The British Institute of Facilities Management (BIFM,
2014) have classified risk management as one of the 24 key components of
Facilities Management (FM). FM covers all aspects of planning, managing space,
designing, environmental control, health and safety and support services
(Alexander, 1996). It significantly contributes to the delivery of strategic and
operational objectives on a day-to-day basis (Nazali et al., 2009). When events
are held in large buildings, Ali et al. (2011) highlightes that facilities managers
must be involved before, during and after the event to reduce risk and enhance
safety. Chotipanich (2004) mentions that organisations that own large space
assets for public use often make the strategy to reduce risks as a top priority to
enable them to gain an advantage over their competitors. It is therefore
conclusive that FM of large space buildings used by a large number of people
(crowd) must involve effective risk management as a key component.
In the past decades, there have been numerous crowd disasters in diverse
venues all over the world. The Center for Research on the Epidemiology of
Disasters (CRED) (2003) has determined a criteria for an accident to be
considered a disaster is only when at least one of the following must be fulfilled:
10 or more people killed; 100 or more people injured; declaration of a state of
emergency; a call for international assistance. Some of the major crowd disasters
2

that occurred in Sunderland (1883, deaths183), London (1943, 173 deaths),
Bolton (1946, 33 deaths), Glasgow (1971, 66 deaths) and Sheffield (1989, 96
deaths) are reviewed in Chapter 2. Dickie (1995) has confirmed that a flaw of
hazard and poor risk management in crowded large space buildings during an
event was one of the main reasons for these disasters.
1.2.1 The Holy Mosque as a Crowded Large Space Building
Hajj is an annual journey to Makkah (also called Mecca) that is undertaken
by Muslims as one of the compulsory acts of worship in the religion of Islam. It is
a religious event that involves pilgrims from different cultures, ages, genders,
nationalities, and languages. Hajj is one of the five pillars of Islam and is an
obligation for every Muslim who is physically and financially capable of
undertaking this journey at least once in his/her lifetime (Alsolami et al., 2016;
Khan, 2012). Annually around two million pilgrims, visit Makkah to perform Hajj,
at the same place and time in a period ranging from 4 to 6 days. This has been
considered one of the largest gatherings in the world (Alnabulsi and Drury, 2014),
and the number of people who wish to perform Hajj is increasing annually. As
presented in Figure 1.1, the rituals of the pilgrimage are mainly concentrated in
four holy places: Holy Mosque, Mina, Muzdalifah and Arafat (Alsolami et al.,
2016). These are situated in different parts of the city of Makkah and its
neighbourhood (Ascoura, 2013). The pilgrims arrive in Makkah on the 8th DhulHijjah Arabic calendar when Hajj starts, and they leave after completing their
rituals by the end of Hajj on the 13th Dhul-Hijjah. The first holy place the pilgrims
visit when they arrive to Makkah is the Holy Mosque to perform Tawaf and Saee.
Tawaf is a movement of the pilgrims around the Kaaba (circumvention), which is
situated in the centre of the Holy Mosque. In Tawaf, pilgrims move around the
Kaaba seven times in an anticlockwise direction.
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Figure 1.1 Route of the Main Hajj Pilgrimage [Online Image], Retrieved 7, February 2016
http://www.bbc.co.uk/religion/galleries/hajj/

While in the Saee, pilgrims walk seven rounds between two points in the
Holy Mosque called Safa and Marwah, where each round is around 0.5 km in the
distance (Khan, 2012). On completion of the welcome Tawaf (The first Tawaf
when the pilgrims arrive to Makkah) and Saee at the Holy Mosque, the pilgrims
then travel to Mina to camp for a night. They then start moving from Mina to
Arafat, where they camp again until sunset. They then move to another location
called Muzdalifah, to camp until midnight. After that, they move to Jamaraat
Bridge to perform another ritual before they return to the Holy Mosque for another
Tawaf and Saee. It is usually at this event that the Holy Mosque is full to its
maximum capacity.
The Holy Mosque is a large space building which can accommodate
around two million worshipers at the same time. It includes indoor (covered) and
outdoor (open) type spaces that makes it more complex to manage and control
effectively. The Holy Mosque is considered one of the largest mosques in the
world. Throughout the history of the Kingdom of Saudi Arabia, numerous
expansion projects of the Holy Mosque have been carried out. The first major
expansion began in 1956 and lasted ten years to complete. This expansion was
done by King Saud when the area of the Holy Mosque was about 28,000 square
metres with a capacity of 50,000 worshipers. Since then the area of the Holy
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Mosque has been expanded to accommodate the number of the worshipers who
are increasing annually. The current area of the Holy Mosque has reached up to
356,800 square metres and is still increasing (Alnabulsi and Drury, 2014). Figure
1.2 shows the aerial view of the Holy Mosque with the Kaabah (where Tawaf is
carried out) situated centrally and the Safa (at the top) and Marwah (bottom right)
(where the longitudinal walking to and from between two points) points are
connected by clearly visible long straight lines.

Figure 1.2 Aerial view of the Holy Mosque

Several incidents have occurred during Hajj that caused the loss of
hundreds of lives (BBC, 2015; Gad-el-Hak, 2008; Miller, 2015). Still (2000) has
identified the safety limit for crowd density as 40 people in 10 square metres for
a moving crowd and 47 for standing areas. According to (Alnabulsi and Drury,
2014), “the Holy Mosque is an extremely crowded place during the Hajj where
there is a clear potential for crowd accidents”. The level of the density at the Holy
Mosque in its full capacity reaches 6–8 people per square metre (See Figure 1.3),
which is considered extremely high because having such density has the
potential for the occurrence of crowd disaster . Every pilgrim visits the Holy
Mosque at least thrice (on arrival, after Jamarat, on departure). The middle visit
normally occurs on the same day for all pilgrims, and it is often at this time that
the crowd capacity at the Holy Mosque is at its peak.
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Figure 1.3 High density during the Tawaf area during Hajj event

Table 1.1 shows some notable stampedes and failures of crowd control
incidents during Hajj that have been officially reported (BBC, 2015; Miller, 2015).
This clearly reveals the magnitude of the problem with many lives lost and
thousands of people injured.
Year

Disaster Causes

Deaths

Injuries

2015

Crane collapse

107

238

2015

Killed due to stampede
Crushed and trampled to death following progressive
crowd collapse, as a result of the sheer force of
crowd pressure
Trampled to death as a result of a massive crowd
surge and progressive crowd collapse
Crushed to death by a bus

1,849

934

363

298+

251

244

14

No Data

Crushed to death during a huge crowd surge
Crushed to death as a result of progressive crowd
collapse, caused by the excessive numbers of
pilgrims
Fire swept through a tent city in Mina
Crushed to death during a progressive crowd
collapse, caused by the vast number of pilgrims
Trampled to death or suffocated during a frantic
attempt to escape from an overcrowded tunnel
leading to the holy sites
Anti-US demonstration by Iranian pilgrims was
broken up
by security forces

35

179

118

434

340

1,500

266

98

1,426

No Data

402

No Data

2006
2004
2003
2001
1998
1997
1994
1990

1987

Hajj
Total
5,171
3,925+
Event
Table 1.1 Crowd Disaster during Hajj adopted and modified (Miller, 2015; BBC, 2015; Challenger et
al., 2009b; Rawlinson and Martin, 2015)

6

Any study or investigation that helps authorities understand this problem
and addresses the cause of these incidents will have a significant impact in
decreasing the occurrence of such disasters. As stated earlier, the critical location
for the pilgrim during Hajj is at the Holy Mosque where he/she is required to
perform the Tawaf and the Saee in a highly congested situation in an enclosed
facility within a stipulated time period. Indeed, there is a lack of research, and
therefore the need for more in-depth studies to reduce risk and prevent crowd
disaster at the Holy Mosque (Ghulman, 2010). The Holy Mosque during the Hajj
event has unique characteristics that could facilitate an in-depth understanding
of the numerous risk factors that may lead to crowd disaster. Accordingly, this
research chose to use the Holy Mosque building which is used during the Hajj as
a crowded large space building to carry out this study.
This research is primarily focusing on preventing such incidents from
occurring in the Holy Mosque, and other large building facilities. The safety of the
users is the priority, and can only be achieved by clearly understanding the
situation in order to reduce the risks and avoiding such disasters in the future.
Hajj Authorities are investing a lot of resources in crowd management and crowd
control and are continuously modifying and adjusting the physical environment of
the Holy Mosque based on objective safety considerations. This study is focused
on the risk perception rather than other emotions. Other studies such as
Barhamain (1997) investigated the level of satisfaction of users based on their
experience in regards to the facilities and services provided during the Hajj event.
It found that six critical factors of facilities and services have an apparent
influence on the users perceptions. The findings emphasised that the security
and safety in crowded large space buildings ranked the highest in essential
factors. This research shall provide data for additional issues that must be
considered in order to ensure a safe physical environment and crowd protection
measures based on subjective safety. The research is not about modeling the
movement of the crowd or the physical space, it is about the perception of the
pilgrim and how that perception effects the safety of the environment. It has been
claimed that perceived safety is significant in an effort to understand people’s
behaviour and to improve safety (Zhuang and Wu, 2012).
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1.3

The Aim and Objectives of the Study
The main aim of this study is to establish the relationship between the

perceived safety and the user behaviour in crowded large space buildings (Holy
Mosque as a case study), in order to enhance crowd safety and to minimise the
likelihood of the occurrence of any crowd disaster.
The research focuses on the Pilgrim as the user who is defined as the
person who performs Hajj or any rituals of Hajj. The Holy Mosque is categorised
as a large space facility that is designed to host a religious-type event that has
unique characteristics. Crowd disaster is defined by the likelihood of injuries and
deaths as a function of the density of a crowd over time (Wieringa, 2015).
The research aim will be achieved by addressing the following objectives:
1. Identify the critical risk factors and indicators that must be considered in
crowded large space buildings
2. Compare the differences in the level of perceived safety and user
behaviour between nationalities, levels of education, familiarity, and
attendance mode in the Holy Mosque
3. Establish the effect of the critical risk factors on perceived safety in
crowded large space buildings
4. Establish the mediation effect of perceived safety on the relationship
between the critical risk factors and user behaviour
5. Establish the relationships between perceived safety and user behaviour
in crowded large space buildings
1.4

Research Questions
The overall research question therefore is: to what extent do critical risk

factors affect the perceived safety in crowded large space buildings (Holy
Mosque) and to what impact does perceived safety have on the user behaviour?
The research answers this 2-part question by breaking it down further into the
following sub-questions:
1. What are the critical risk factors and indicators that must be considered in
crowded large space buildings?
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2. Are there significant differences in the level of perceived safety and users
behaviour between nationalities, levels of education, familiarity, and
attendance mode in the Holy Mosque?
3. What critical risk factors influence the perceived safety in the crowded
large space buildings by using the Holy Mosque as a case study?
4. Does the perceived safety mediate the relationship between the critical
risk factors and user behaviour?
5. To what extent does the perceived safety affect the user behaviour in
crowded large space buildings by using the Holy Mosque as a case study?
1.5

Outline Research Methodology
This thesis adopts postpositivism, a paradigm which is more related to

quantitative (experiment and/or survey) approach than qualitative (interview
and/or observation) approach (Creswell, 2014a). It is made up of two main stages
comprised of five phases:
Stage 1: Problem Definition and Literature Review
The first stage inlcudes phase 1, which involves defining the research
problem, establishing the aim, objectives and research questions; and phase 2
which involves determining a fitting model for the context of the study and
proposing a conceptual model.
The primary purpose of this Stage is to clearly identify the critical risk
factors and indicators and to review the existing crowd models. Secondary data,
including PhD thesis, journals, books, reports, and newspapers are reviewed
particularly regarding the context of the research, namely: FM, risk factors in
crowded large space buildings, subjective safety, Hajj studies, crowd safety,
crowd behaviours, and crowd disaster.
Stage 2: The Primary Data Stage: Survey Questionnaire
The second stage includes: phase 3 that chooses the appropriate
research methodologies, designs the sampling approach, and develops the
questionnaire; phase 4 that obtains consent/support/approval letters from the Hajj
Authorities for the fieldwork, conducts a pilot study, and collects the primary data;
and phase 5 that analyses the data, discusses the findings and draws
conclusions.
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The chosen method is a survey questionnaire and the primary purpose of
it is to measure the safety perception of the user (pilgrim) at the Holy Mosque and
investigate the relationship between the variables. The adopted analytical tests
are Structural Equation Modeling (SEM), Kruskal Wallis, and Dunn’s post hoc
tests. SEM is a second-generation statistical analysis technique. It is a powerful
multivariate tool in establishing a model to reflect reality and analysing the
interrelationships among multiple variables in the model (Awang, 2015). SEM is
particularly useful to examine a series of dependence relationships and to identify
possible structural relationships between constructs (Hair et al., 2010). It allows
the researcher to study the interrelationship between the latent and observed
variables. SEM is very popular in attitude, educational, psychological, and social
research (Hox and Becher, 1998; Song and Lee, 2012). Latent variables
(construct) are those variables which cannot be directly observed or measured
such as behaviour, attitude, intelligence. Observed variables are those variables
that can be directly measured and observed, such as height, weight, heart rate.
The Kruskal Wallis test is a nonparametric test that can be used to determine if
there are statistically significant differences between two or more groups of
independent variables.
Figure 1.4 and Figure 1.5 depict the layout of the overall research, showing
the linkages between the research objectives, research questions, the methods
adopted for data collection and analysis, and the phases of the research. The
data was collected using a survey questionnaire and analysed based upon
Structural Equation Modelling (SEM), Kruskal Wallis, and Dunn’s post hoc tests
using SPSS and AMOS Software version 22.
The final outcome of the research establishes the relationship between the
perceived safety and the user behaviour in crowded large space buildings (Holy
Mosque as a case study), in order to enhance crowd safety and to minimise the
likelihood of the occurrence of any crowd disaster.
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Objectives

Research Questions

Identify the critical risk factors and
indicators that must be considered
in crowded large space buildings.

What are the critical risk factors
and indicators that must be
considered in crowded large
space buildings?

Compare the differences in the
level of perceived safety and user
behaviour between nationalities,
levels of education, familiarity,
and attendance mode in the Holy
Mosque.

Are there significant differences in
the level of perceived safety and
users behaviour between
nationalities, levels of education,
familiarity, and attendance mode
in the Holy Mosque?

Establish the effect of the critical
risk factors on perceived safety in
crowded large space buildings.

What critical risk factors influence
the perceived safety in the
crowded large space buildings by
using the Holy Mosque as a case
study?

Data collection Methods

Data Analysis

Reviewing literature

Analysing the Literature

Kruskal Wallis test and
Dunn’s post hoc test

Structural Equation
Modelling (SEM) Direct effect
Quantitative
Survey questionnaire
distributed to 1940 participants

Establish the mediation effect of
perceived safety on the
relationship between the critical
risk factors and user behaviour.

Does the perceived safety
mediate the relationship between
the critical risk factors and user
behaviour?

Establish the relationships
between perceived safety and
user behaviour in crowded large
space buildings.

To what extent does the
perceived safety affect the user
behaviour in crowded large space
buildings by using the Holy
Mosque as a case study?

Structural Equation
Modelling (SEM)
Mediation Indirect effect

Structural Equation
Modelling (SEM) Direct effect

Figure 1.4 Research Design
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✓ Defining the research problem

01

Phase one ✓ Establishing the aim, objectives and
research questions
✓ Reviewing the literature and finding the gap

Phase two

02
03
04
05

✓ Determining fitting model for the
context of the study
✓ Proposing a conceptual model
(SCSM)

✓ Choosing appropriate research
methodologies
Phase three ✓ Designing the sampling approach
✓ Developing the questionnaire
✓ Obtaining ethical approval

Phase four

✓ Obtaining approval letters from the
Hajj Authorities for the field work
✓ Conducting a pilot study
✓ Collecting the primary data

Phase five

✓
✓
✓
✓

Analysing the data
Reporting the analysis
Discussing the findings
Writing a conclusion

Figure 1.5 Research Phases

1.6

Contributions to Knowledge
Risk Management (Health and Safety) is one of the key components of

facilities management, and this research aims to contribute to knowledge in this
area with particular reference to its application in crowded large space buildings.
It bridges the knowledge gap by establishing the relationship between the
perceived safety and the user behaviour in crowded large space buildings (Holy
Mosque as a case study), in order to enhance crowd safety and to minimise the
likelihood of the occurrence of any crowd disaster. It also contributes to a better
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understanding of the factors that influence perceived safety as they impact user
behaviour during large events that are held in large space buildings.
This research reveals several practical implications that can be utilised by
facilities managers, Hajj Authorities, and those who are in charge of managing
such buildings. It is also worth mentioning that the Holy Mosque is continuously
being used throughout the year, with similar events such as the ‘lesser Hajj’
events where millions of people perform the Tawaf and Saee (the lesser-Hajj
normally takes place during the month of Ramadan). The output of this research,
therefore, will have a significant impact on not only the millions of users of the
Holy Mosques but to also other similar facilities worldwide.
1.7

Structure of the Thesis
This thesis is divided into nine Chapters. The first chapter introduces the

rationale for the research, identifies the aim and objectives and states the
research questions. It also outlines the proposed research methodology,
research design, and the research contribute to the knowledge.
The second chapter is made up of five major sections. The first section
provides the context of the study and an in-depth literature review. It begins with
the concept of Facilities Management and its importance. It outlines several
definitions of facilities management addressed by various professional
organisations and researchers. It also discusses the functional areas,
components and competences of facilities management and reviews the studies
of risk management that have been carried out on crowded large space buildings.
The third section gives an overview of the crowd behaviour and its theories and
types. The fourth section reviews the literature on crowd safety management and
crowd disasters. The fifth section discusses the crowd management and control
and the issues surrounding managing crowd safety in large space buildings. In
summary, the chapter reviews the relevant published studies of Hajj event,
facilities management, risk management at large events, and crowd behaviour
and disasters. It concludes by reviewing the crowd safety models and Holy
Mosque studies to clearly reveal the existing knowledge gap.
The third chapter discusses the two adopted theoretical framework
models, namely: the FIST (Force, Information, Space and Time) model and Six
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dimensions and loci of crowd disaster. Each element of these two models is
reviewed and discussed in detail. This forms the basis upon which a proposed
conceptual framework model of the effect of risk factors on user’s behaviour, will
be developed using Structural Equation Modelling. The developed model reveals
21 research hypotheses that is linked to each construct.
The fourth chapter outlines the research methodology used in this study.
It outlines the basis of research philosophy and briefly explains the four research
paradigms. The strategies and approaches of quantitative, qualitative and mixed
methods are addressed. It discusses the data collection method of observation,
interviews and questionnaire. It outlines the types of the sampling methods. The
chapter also explains the techniques of analysing the quantitative data including
the descriptive statistics, Kruskal Wallis and Structural Equation Modelling
(SEM). It outlines the quality tests of the research process including the reliability
and validity.
The fifth chapter discusses the research methodology undertaken for this
study and provides a summary, and a brief overview of the fieldwork carried out
during Hajj. It explains how the data was collected and how the questionnaire and
sampling size was designed.
The sixth chapter discusses the descriptive analysis of the respondents
including demographic data, and the respondents experience during Hajj and
Tawaf. It addresses the data screening (missing data and normality test) to
ensure the collected data is clean before conducting any further analysis. It
presents the differences in the level of perception of safety and user behaviour
among Muttawiffy (nationality groupings), education, familiarities and attendance
mode (Individually or with Family or in a Group). It provides an overview of the
variances tests and notes the selected suitable test for this study. It conducts the
Kruskal-Wallis H test and Dunn’s post hoc tests which was carried out on each
pair of groups.
The seventh chapter is to test the fitness of the Confirmatory Factor
Analysis (CFA) model and assesses the unidimensionality, convergent and
discriminant validity, as well as the reliability for the model noted before
constraints and after.
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The eighth chapter is to test the direct and indirect effect of the
hypotheses. It presents the proposed Structural Equation Modeling (SEM) and
discusses the results of testing the hypotheses.
The ninth chapter discusses the results of the analyses obtained for this
study. It discusses the objectives and answers all the research questions of the
study. It addresses the practical implications and made some recommendations
for FM to enhance safety in crowded large space buildings. Lastly, it provides a
list of recommendations for future research.
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Chapter 2 Literature Review
2.1

Introduction
The aim of this chapter is to review the existing literature to identify the

knowledge gaps in regards to enhancing crowd safety in large space buildings.
The chapter provides a robust literature review of the relevant theories and
studies related to Facilities Management (FM), risk management, crowd safety,
crowd behaviour and crowd safety models. The chapter is made up of eight
sections: It begins with an overview of the concept of FM and outlines several
definitions of FM addressed by organisations and researchers. It discusses the
functional areas, components and competences of FM. It discusses the relevant
studies of FM and risk management in large space facilities and events. It defines
a large space building used for events hosting large crowd by describing the Holy
Mosque and the Hajj as case studies. The chapter also defines crowd safety and
crowd behaviour and discusses the theories of crowd behaviour and the current
crowd safety models that are applicable to this study. Finally, it identifies the gap
in knowledge that this study aims to fill.
2.2

Facilities Management
The concept of Facilities Management (FM) has been addressed by many

organisations and researchers (Alexander, 1996; Becker, 1990; IFMA, 2010;
Nourse, 1990). Each researcher and organisation has looked at FM from diverse
aspects. Enoma (2005), defined FM as “a discipline of planning, designing,
constructing and managing space, in every type of structure, from office building
to process plant. Becker (1990), stressed that FM is responsible for “coordinating
all efforts related to the planning, designing and managing buildings and their
systems, equipment and furniture in order to enhance the organisation’s ability to
compete successfully in a rapidly changing world”. The National Health Service
sees it as a “practice of coordinating the physical workspace with the people and
work of an organisation, (it) integrates the principles of business administration,
architecture and the behavioural and engineering sciences” (NHS, 1996). FM
encompasses “multiple disciplines to ensure functionality of the built environment
by integrating people, place, process and technology” (IFMA, 2010). Myeda and
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Pitt (2014) have a closer view of FM as IFMA who claimed that FM comprises
multiple areas and integration of people, place, process and technology to
achieve the agreed service in ensuring the functionality and effectiveness of
activities in the built environment.
The key function of FM is to handle and manage the facility resources,
support services and the working environment in order to help the core business
of the organisation in both the short and long-term. Some researchers believe
that each facility must have superior planning, designing and management
system to meet the organisation needs (Becker, 1990; Hendrickson, C and Au,
1988). The need to integrate among people, place, and process has been
highlighted by several researchers and organisations (Then, 1999; IFMA, 2010;
FMAA, 2002). Then (1999) states that FM is “a hybrid management discipline
that combines people, property and process management expertise to provide
vital services in support of the organisation.” The Facility Management
Association of Australia (FMAA, 2002) defined FM as “practice of integrating the
management of people and the business process of an organisation with the
physical infrastructure to enhance corporate performance’’ (Best et al., 2003).
Alexander (1996) has emphasised that FM covers all aspects of planning,
managing space, designing, environmental control, health and safety and support
services, and contributes to the delivery of day-to-day strategic and operational
objectives (Nazali et al., 2009). It is a strategy for an organisation to reduce risks
and gaining advantages (Chotipanich, 2004). The maintenance and services of
the building are part of FM. FM is ‘’an integrated approach to maintaining,
improving and adapting the buildings of an organisation to create an environment
that strongly supports the primary objectives of that organisation” (Barrett and
Baldry, 2003). European Committee for Standardization (CEN2006), highlighted
that FM is the “integration of processes within an organisation to maintain and
develop the agreed services which support and improve the effectiveness of its
primary activities” (BSI, 2011). Grimshaw (1999) has shown that the relationship
among the organisations, employees and the facilities are vital. Many varied
definitions have concluded that FM is an interdisciplinary profession which
unarguably practises differently from country to country, region to region, and
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organisation to organisation with the same objective of providing tailored support
services for the organisation’s core business” (Boateng, 2011).
Authors

Definition

Hendrickson and Au
(1988)

FM is the discipline of planning, designing, constructing and managing
space, in every type of structure, from office building to process plant
FM is responsible for coordinating all efforts related to planning, designing
and managing buildings and their systems, equipment and furniture to
enhance the organisation's ability to compete successfully in a rapidly
changing world
FM is a profession that comprises multiple areas and integration of people,
place, process and technology to achieve the agreed service in ensuring the
functionality and effectiveness of activities in the built environment
The practice of coordinating the physical workplace with the people and
work of an organisation; integrates the principles of business administration,
architecture, and the behavioural and engineering science
FM discipline covers all aspects of property, space, environment control,
health and safety and support services

Becker (1990)

Barreett (1995)

NHS (1996)

Alexander(1999)

Table 2.1 Concept of Facilities Management

BIFM has identified FM professional standards framework into functional
areas and components as shown in Figure 2.1. The functional areas include (1)
The role of facilities management (sector knowledge, information and knowledge
management) (2) Strategy and policy development (facilities management
strategy, corporate social responsibility, facilities management policy) (3)
Leadership and management (project management, people management,
change

management);

(4)

Business

continuity

and

compliance

(risk

management, compliance) (5) Business support services management (service
innovation, managing service delivery); (6) Property portfolio management
(building maintenance, property and asset management, space management) (7)
Quality management and customer service (customer service, stakeholder
relationships, quality management) (8) Finance and IT (financial management,
information

technology)

(9)

Procurement

and

contract

management

(procurement, contract management) (10) Sustainability energy management
(energy management, environmental management).
The competence of an individual working includes five levels: strategic,
senior, manager, supervisor and support. The goal of the scope of facilities
management is to meet the needs of the stakeholders in achieving the
organisational objectives. Since this study aims to minimise the risk of any crowd
disaster in large space buildings such as the Holy mosque, it therefore falls under
the risk management component of FM, which is arguably the heart of FM as it
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integrates people, process, place and technology towards achieving any stated
business or organisational goal.
FM Functional Areas

Descriptor

Components

The role of FM

Manages FM knowledge to add value

- Sector knowledge

to an organisation

- Information and knowledge
management

Strategy and policy

Develops FM strategy and policy

development

- FM strategy
- Corporate social responsibility
- FM policy

Leadership and

Develops and manages a highly

- Project management

management

motivated and skilled FM workforce in

- People Management

a dynamic environment

- Change management

Business continuity

Builds business resilience and contains

- Risk management

and compliance

business risk

- Compliance

Business support

Delivers and innovates FM service

- Service innovation

services

solutions aligned with business

- Managing service delivery

management

objectives

Property portfolio

Maximises and protects the value of

- Building maintenance

management

property assets and ensures their

- Property and asset management

fitness for purpose.

- Space management

Quality management

Fulfils customer expectation and

- Customer service

and customer service

quality requirements

- Stakeholder relationships
- Quality management

Finance and IT

Optimises finance and IT resources

- Financial management
- Information Technology

Procurement and

Creates value through procurement

- Procurement

contract

and contract management

- Contract management

Minimises the impact on the

- Energy management

environment through sustainable

- Environmental management

management
Sustainability

practises and the efficient use of
resources
Figure 2.1 The Facilities Management Professional Standard Framework

2.2.1 Risk Management (Health & Safety)
Risk management is key to managing facilities, especially those used by
a large number of people. Often in such facilities, the primary business objective
is ensuring that events are held in timely fashion and safely. Each facility requires
appropriate services to fulfil the stakeholder’s desires and needs. The facility is
defined as “a place, especially including buildings, where a particular activity
happens” (Cambridge Dictionaries Online). It is regularly designed or selected
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depending on the needs of the operation processes of the organisation. Each
facility has different features in terms of the building type, structural design,
building engineering systems, the scale of the facility, place and ownership of the
facility. The facility should be operated in a proficient way to meet the needs of
the

organisations

(Chotipanich,

2004).

Generally,

poor

management,

inappropriate design, flow or hazard in the design can be risky and could affect
the health and safety of the building's occupants. Moreover, the design defects,
factors related to human or natural disasters are considered the most common
threats to the facility. The facility is likely impossible to be fully safe but some risk
can be prevented. Facilities managers should anticipate the safety measures and
perform contingency planning for the users for indoor and outdoor facilities in
order to reduce the risk (Ali et al., 2011). Early appropriate planning and design
along with effective Facilities Management will surely provide better services and
reduce the risk in large space facilities.
Poor risk management within large space buildings such as sports
stadiums, concert halls, and religious buildings have resulted in crowd disasters
in various venues across the world. Existing research has concluded that safety
is the inverse of risk, thus the lower the risk, the higher is the safety (Moller et al.,
2006). This means that safety can be achieved by mitigating risk to a tolerable
level by using risk management approaches. Experts have shown that safety in
the built environment is made of objective safety and subjective or perceived
safety (Sorensen and Mosslemi, 2009). In an organisational context, objective
safety is measured by the actual number or risk of incidents or injuries occurred
in an organisation. The subjective safety is intangible, and it refers to the feeling
or perception of being safe or unsafe within a specified period. Numerous studies
have been undertaken on objective safety in the built environment (Sagun et al.,
2008, 2013; Wieringa et al., 2016), but there has been a lack of research on
subjective safety (perceived safety) particularly in large space buildings where
large numbers of users attend at the same time for an event or congregation.
The success of an event is only achieved if it takes place safely, and safety
relies on effective planning with regard to managing, assessing and mitigating
risk properly (i.e. risk management). In each event, the risk is normally classified
as low, medium or high. Booty (2009) stated that low-risk events are normally
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held indoors (e.g. weddings and banquets), and the organisers often have the
experience to deal with such a risk. Medium risk events are often complicated;
these events could occur indoors or outdoors, such as annual sporting events or
festivals. While high-risk events have a large number of participants and staff,
and often occur infrequently, e.g. Olympic Games. These types of events are
usually associated with high levels of risks. Booty (2009) stated that such risk
could be split into two different types: “pure” and “business” risk. Pure risk
includes (1) physical effects of nature: fire, storm and flood (2) technical events:
equipment failure (3) personal issues: sickness or injury and (4) social deviations
from norms of behaviour, including theft, violence and negligence. Whilst the
components of business risk are: (1) the impact of new technologies or changes
in technology (2) social impact (changes in customer expectation or increasing
litigiousness) (3) economic impact (inflation or budgetary constraints) and (4)
political impact (the imposition of government ideology, policy or philosophy).
Although the pure and business risks could be intersecting with one
another, the focus in this study is associated with pure risk only. According to
HSE, risk is “the chance, high or low, that somebody will be harmed by the
hazard”. Hazard refers to “anything that can cause harm (e.g. chemicals,
electricity, working from ladders)”. Booty (2009) stated that hazards include: (1)
physical hazards (e.g. poorly guarded machinery, slipping/tripping hazards,
vehicles, poor electrical system, fire hazards) (2) hazardous substances (e.g.
chemicals, dust, fumes) (3) hazardous work environment (e.g. noise, poor
ventilation, bad lighting, hot or cold workplaces) (4) psychological hazards (e.g.
stress, long hours, shift work);and (5) ergonomic hazards (e.g. repetitive work,
lifting).
In health and safety context, the effective avoidance of hazards is referred
to as Risk Management (RM), which has four phases: identification, assessment,
response and documentation (Wideman, 1992). In an event, RM is defined as “a
proactive process that involves assessing all possible risks to the events and its
stakeholders by strategically anticipating, preventing, minimising, and planning
responses to mitigate those identified risks” (Leopkey and Parent, 2009). The
generic definition of risk management has been provided as “all the strategies
one can consider for dealing with . . . risk” (Appenzeller, 2005). In pure and
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business risk context, Donald Getz (2016) has defined risk management for the
event as “the process of anticipating, preventing, or minimising costs, losses, or
problems for the event, organisation, partners and guests”. Leopkey and Parent
(2009) argue that the definition of risk management in terms of large event needs
to be expanded. It has been suggested that the process should involve all
stakeholders in the anticipation, prevention, minimisation, and planning
responses to mitigate the identified risks. In current practice, risk management is
conducted by an external third party without involving all stakeholders, e.g. the
HSE (2000a) has identified five steps of risk assessment (1) Identifying hazards
(2) Deciding who can be harmed, and how (3) Evaluating risks and deciding on
precautions (4) Recording the findings and implement solutions for them, and (5)
Reviewing the assessment and updating them if necessary. They argue that risk
assessment is “nothing more than a careful examination of what could cause
harm to people so that you can weigh up whether you have taken enough
precautions or should do more to prevent harm.
Very few studies have been carried out in the area of health and safety
risk management in crowded large space buildings. Most of these studies have
focused mainly on sporting events (e.g. (Ali et al., 2011; Illiyas et al., 2013;
Leopkey and Parent, 2009; Parent, 2008; Taylor and Toohey, 2011) while very
little attention has been paid to other events, even though many tragic incidents
occurred at other types such as religious events (Illiyas et al., 2013; Gayathri et
al., 2017).
For instance, Leopkey and Parent (2009) investigated the issues of risk
management in large sports events from the perspective of the external
stakeholders and the organising committee members. A qualitative case study
approach (analysis of archival material and interviews) was used to compare two
main Canadian sporting events: the International Skating Union 2006 World
Figure Skating Championships and the U-20 Fe´de´ration Internationale de
Football Association World Cup Canada 2007. The study identified 15 key risk
issues:

environment,

financial,

human

resources,

infrastructure,

interdependence, legacy, media, operations, organisation, participation, political,
relationships, sport, threats, and visibility. Whereas the Parent (2008) study
identified only 13 issues: politics, visibility, financial, organisation, relationships,
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operations, sport, infrastructure, human resources, media, interdependence,
participation, and legacy. The findings of both of these studies have shown the
importance of risk management throughout the preparation and hosting of large
events. They propose an expansion of the definition of risk management as “a
proactive process that involves assessing all possible risks to the events and its
stakeholders by strategically anticipating, preventing, minimising, and planning
responses to mitigate those identified risks”. In addition, they have suggested
some key factors that should be considered in large events involving timing, size,
location, staff, facilities, previous experience, politics, culture and complexity of
the event.
Ali et al. (2011) also studied the health and safety of sporting events at an
outdoor stadium. This study identified the facility as the outdoor stadium, and
measured the safety of the facility and investigated the safety awareness of
spectators with regards to the risk. It conducted semi-structural interviews,
reviewing the literature and collected primary data using questionnaires within a
specified case study. Many risk and incidents cases were reviewed that occurred
in outdoor facilities (stadium) during Malaysian football matches. The
questionnaire was given to a random sample of 228 participants at the Shah Alam
Stadium during the Piala Sumbangsih 2011 match. The survey included two
sections; the first section was demographic information of the people including
age, gender, income, race and marital status; and the second section was the
safety awareness level of the people in regards to the risk at an outdoor stadium.
Although the safety awareness of spectators in the outdoor stadium was high, the
study showed that the effectiveness of facilities management at outdoor stadium
facilities is poor. It concluded that facilities managers should be involved before,
during and after the event to prevent the unwanted incidents from occurring.
While the study of Illiyas et al. (2013) focuses on some religious events
that were held in India in the last five decades. It has proposed a disaster risk
reduction framework for mass gathering trough understanding and analysing
human stampede data collected from religious, entertainment and political events
in India over the last five decades. Their case study was based on qualitative
approach through reviewing relevant literature, newspapers, online reports and
some other documents. The study identified human stampede incidents and
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focused on the factors influencing the development of the source of panic, and
crowd behaviour. The risk management framework developed for this study was
a preliminary attempt to identify the factors affecting safety as shown in Figure
2.2, however, it has not been validated or tested empirically.

Figure 2.2 Human Stampede Risk Reduction Framework (Illiyas et al. ,2013)

Another recent qualitative study was conducted in large religious events
by Gayathri et al. (2017) intended to improve the understanding of crowd
dynamics in the context of crowd safety. It provides a comprehensive review of
the understanding of crowd dynamics in various scenarios and explores the
modelling techniques that are available to enhance crowd safety. The study has
noted that few existing studies have been carried out for uncontrolled settings
such as Hajj and Kumbh Mela, but plenty of the studies have been done for
controlled settings. Several important pedestrian characteristics were discussed
that have great influence on their behaviour. It has been concluded that crowd
safety in large events particularly in such uncontrolled setting has become a
critical issue and important aspects that must be taken into consideration. The
study highlights the need to analyse crowd dynamics and the associated
characteristics. It asserts that none of the simulation models can model highdensity crowds under dynamically changing environments. The models for
normal conditions cannot be applicable in the event of emergency situations on
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the real ground. The study states that understanding and modelling the
pedestrians behaviour (individual and groups) in various situations, can help
crowd safety become safer.
Overall, these studies highlight the need for conducting further research in
crowded large space buildings particularly in religious events in uncontrolled
settings such as Hajj. As reviewed in the literature, the objective safety has
extensively been covered by looking at the actual number or risk of incidents or
injuries occurred in large events. However, such studies remain narrow in focus
dealing only with objective safety aspect and neglecting the subjective safety.
The framework developed, and factors identified in the previous studies have
been based on qualitative approaches such as case study, systematic review,
and interview with event organisers. These factors and models have not been
tested subjectively, and the influence of the factors on the users have not been
examined, and in order to do so, a quantitative approach is more appropriate.
This study differs from what has been done so far which sought to focus on the
perception of the users toward safety rather than measuring the safety objectively
or from the point view of the event organisers in crowded large space buildings.
Also, measuring the subjective safety in crowded large space buildings surely
requires diverse methodology from what has been used already in the earlier
studies. This research adopts a quantitative approach to measure the subjective
safety as discussed in detail in the methodology chapter.
2.3

Users (Crowd) Behaviour in Large Space Buildings
Large space buildings refer to the massive buildings or structure that

contains a huge volume of spaces which normally exceed a million cubic metres
such as Boeing Everett Factory, Heathrow Airport, Holy Mosque, Tesco Ireland,
National Exhibition Centre and etc. Some of these buildings may encompass
indoor and outdoor spaces depending on the size and purpose of the building.
Usually, each large space building is designed and built for a certain purpose;
whether manufacturing, hosting large events, shopping etc., however, not all of
these buildings are crowded and busy or hold large events. The crowded large
space buildings generally refer to the large spaces buildings that accommodate
a large number of users (e.g. visitors, staff, volunteers, police officers etc.) who
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generally gather in the same building and time for the same purpose. There are
many crowded large space buildings over the world that accommodate a large
number of users and hold large events such as: Wembley Stadium (sports
stadium), Manchester Arena (concert hall), and the Holy Mosque (religious
building). Normally the capacity of the majority of the crowded large space
buildings may not exceed 100,000 users, but the Holy Mosque capacity is
massive which reaches up to 2 million users at the same time with crowds who
have different nationalities and cultures. This makes this research unique.
Numerous researchers and theorist from different academic disciplines
are more interested in studying the interaction of the individuals (users), and the
groups while in the crowds in large space buildings. The groups have been
extensively studied by many different fields such as recreation and sports
management, psychology, sociology, education, communication, business, and
social work. Psychologists and sociologists are the first researchers who studied
group dynamics (the way groups and individuals (users) act and react to changing
circumstances) before all other social science fields. It is necessary to understand
the collectives and its types in order to manage an event. Collective refers to a
large number of people that are unaffiliated but gathering in a particular place and
have similar reasons. Collective has been identified into nine types: crowds,
mobs, riots, panics, mass hysteria and rumours, audience, queues, social
movement and trends (O’Connell, 2009).
(1) Crowds are a gathering of people in the same place (usually in public) and
time for the certain purpose. A group could turn into a crowd by taking a
specific event or action. A particular reason is needed to make the people
gather together, otherwise those people are not considered crowds. For
example, people who are in the beach under the sun are not considered a
crowd unless those people have been formed for a reason in the same
place such as a juice company arrives at the beach and starts giving away
free juices, a crowd could form.
(2) Mobs refers to the crowd who turn into a mob. It has different
characteristics from the crowd. A mob is often disorderly and irrational and
has negative connotations, while the crowd is neutral. The collective can
become a mob when the crowds gather in one place at an event or
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audience and get emotionally charged. As such a crime, catastrophe,
violence and controversial action have been associated with mobs. Mobs
are not always disorderly or violent. For example, when the professional
sports teams win, the fans may celebrate in the street and dance together
sharing positive experience of having fun in a mob.
(3) Riots are associated with mobs; they are often aggressive and violent.
They usually start peacefully and then transforms into a violent mob.
(4) Panics are found in mobs, which is state of fearfulness. Panic can be
caused by the people who are seeking to escape from a specific situation
such as danger.
(5) Rumours and Mass Hysteria refers to the crowds and mobs that could get
affected by rumours. Exchanging information with people about the
threatening situation can be provided by rumours. While in many cases,
rumours can have a calming effect on crowds and the communities, they
can also play an important role in making panics and riots.
(6) Audiences refers to when a crowd gathers in a certain place to watch some
event or activity such as film, or performance. The audiences usually enter
the event via pathways and secure tickets as well as occupy the locations
based on seating arrangements or by custom. Observing these kinds of
activities could perform various behaviours such as clapping, shouting,
however, these actions are dependent on particular norms.
(7) Queues or line is also another type of collective which means a group of
people who are waiting for their turn for something. It is usually used to
control the access to a specific event or place. The queue takes different
forms, but the commonly used one is the straight line.
(8) Social Movements, refers to trying to change or resist a change in the
social system.
(9) Trends refers to the norm that is being followed by a group of people
These terms and concepts should be acknowledged in an effort to manage an
event effectively and to deal with such conditions. As stated earlier, this research
chose the Holy Mosque as a large space facility, and the majority of the users in
this facility are the pilgrims who gather in the same place and time for
worshipping. Generally, a crowd is when people gather at the same place and
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time reacting together to stimuli (Challenger et al., 2009a). The term of the crowd
often has negative connotations which refers to a large number of anonymous
individuals who join a certain group without thinking of the consequences. The
individuals in a crowd may act in a different way unlike while they are alone or in
a small group (Musse and Thalmann, 1997). It is usual in a crowd that individual
members can perform these actions with the provided anonymity of the crowd.
Some of the crowds could act violently and aggressively resulting in destruction,
hooliganism, property damage, injuries and murder.
Different types of crowds have been identified by the researchers
(Berlonghi, 1995; Momboisse, 1967). According to Cabinet Office (2009a), very
little research has been conducted into crowd typologies. Although, the
importance of crowd types, only two relevant publications have been found after
carrying out an extensive literature review. Momboisse (1967) classified the
crowd into four types:
(1) Casual crowds refer to the crowds who are in the same place at the same
time not unified or organised.
(2) Conventional crowds refer to the people who gather with the crowd
members for a specific purpose or to observe something specific in the
event.
(3) Expressive crowds are those people who gather for expressive behaviours
such as dancing or singing.
(4) Aggressive or hostile crowds refer to the people who behave in an angry,
violent way, not organised or unified, and willing to turn into disorder or
unlawful behaviour.
Later on, Berlonghi (1995) suggests more details of classification of the crowd
and identifies eleven different types of the crowd as shown in Table 2.2. These
types of crowd need to be considered in the planning for an event, and
distinguishing these types is essential in order to manage the crowd during an
event successfully (Berlonghi, 1995). Planning and managing crowds without
considering these types of the crowd are likely risky and could lead to something
unfortunate.
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Types of the Crowd
An ambulatory crowd
A disability or limited
movement crowd
A cohesive or spectator
crowd

Description
A crowd is walking to or from a venue, to or from the parking area or
walking to use one of the services in the facilities such as a restroom.
The movement of people to some extent which can be limited or
restricted. There is a lack of the ability in their movement to walk, see,
hear or speak.
A crowd who come to an event to watch activities. In fact, they could be
interested in watching something specific.

A crowd who is involved in some form of emotional release such as
singing, dancing, chanting, celebrating, or moving together.
People who are participating in the actual activities at an event, for
A participatory crowd
instance, professional performers or athletes.
A crowd which becomes aggressive, threatening and unlawful as well as
An aggressive or hostile
disregards instructions from officials.
crowd
A crowd with the known leader and organised for the specific purpose,
their action could include picketing, marching, chanting or demonstrating
A demonstrator crowd
at a particular location.
People who are attempting to escape from perceived danger or lifeAn escaping or trampling threatening situations. This could be in an evacuation situation or a panic
crowd
mob pushing.
A crowd in which the physical movement of the crowd is rapidly
decreasing because of high crowd density. When people being swept
A dense or suffocating
along with movement and compressed, it could lead to serious injuries
crowd
and fatalities from suffocation
A crowd whose goal is to get, acquire or steal something. For example,
A rushing or looting
people who rush to get the best seat. This often results in property
crowd
damage, serious injuries, or fatalities
A crowd who has no consideration for the laws or the rights of other
A violent crowd
people such as a crowd attacking, terrorising and rioting.
Table 2.2 Types of the Crowds (Berlonghi, 1995)
An expressive or
revellous crowd

In the classifications of crowd types provided above, one of the key
components that guide the categorisation is the behaviour or action or potential
action of the crowd or the individuals in the crowd. Behaviour is defined by Oxford
dictionary as the way in which one acts or conducts oneself, especially towards
others. Behaviour is characterized by all physical activities of an organism that
are observable and measurable by means of objective parameters (Bodenmann,
2005). Mullins (2007) considers behaviour as a driving force resulting from needs
or expectations of an individual that can be influenced by feelings, thoughts and
motives. Mullins states that behaviour of people cannot be studied in isolation, it
is necessary to study its relationships with other variables. This study is aimed at
understanding its relationships with perceived safety.
Several theories (e.g. group mind, self-categorisation, emergent norm,
convergence and deindividuation) have explained how individuals can influence
the group or be influenced by the group (Le Bon, 1896; Forsyth, 2010; Berlonghi,
1995). Le Bon theorized in 1896 that the people among the crowd lose all feeling
of self-responsibility and become subject to contagion. Le Bon believed that
anyone of the people in the crowd can be transformed or changed from rational
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thoughtful individuals into irrational and extreme followers. In addition, “law of the
mental unity of crowds” defined as crowd behaviour, allows people to act as the
collective mind. Collective mind is viewed as a type of disease that infects and
spreads from one group to another and then to the rest of the crowd (Le Bon,
1896).
“Whoever be the individuals that compose it, however like or unlike be their
mode of life, their occupations, their character, or their intelligence, the fact
that they have been transformed into a crowd puts them in possession of
a sort of collective mind which makes them feel, think, and act in a manner
quite different from that in which each individual of them would feel, think,
and act were he in a state of isolation” (Le Bon, 1896).
Emergent Norm Theory explains how crowds can turn into riots and mobs.
It is the development of temporary norms based on the group member’s shared
experiences. It also refers to the temporary behaviours of the group members
being acceptable (when normally they are not) in order to serve the group’s
objectives (Forsyth, 2010).
Deindividuation refers to the people who lose their self-awareness and
abandon their normal control. Reducing self-awareness of people, leads them to
become more controlled by the situation rather than themself (Berlonghi, 1995).
Psychological experiments have highlighted that people may get aroused and
diffuse responsibility in groups. Once people get a high level of arousal with
diffused responsibility, people may act irrationally and not be able to monitor their
own behaviour (Myers 1990). Those people may start throwing food, screaming
during the event while some of them turn into theft, vandalism, rioting, group
violence, and etc.
It is necessary to fully understand these theories in an effort to manage,
evaluate and plan for a crowd. However, some people who are in charge of
managing an event, unfortunately, are not aware of the importance of these
theories and therefore they have remained only in the academic social
psychology circle. Berlonghi (1995) points out some significant characteristics in
order to assess the behaviour of individuals and crowds as shown in Table 2.3.
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Organisation
How organised is the group?
Leadership
How established or spontaneous
is the leadership?

A crowd walking area during the event is not organised as could
lead to a crowd of demonstrators. Occasionally cohesive
spectator crowd could create an unplanned system of
organisation.
Panic has no leadership unlike a crowd being evacuated with
public announcements. Demonstrators usually have specific
leadership roles while the leadership roles for the groups of fans
at some events may create spontaneously.

Cohesiveness
To what degree have people
bonded with one another?

An expressive crowd can be bonded with one to another, or they
can turn into rival crowd whether playfully or with the intent to do
harm.

Unity of purpose
Is the crowd clearly united in a
common purpose?

Members of the crowd often have a common purpose such as
running a marathon etc.

Emotional intensity
How emotionally intense is the
crowd?

There is difference between having a common motive and
performing the same action. Crowds have a common motive
when they are chanting or clapping at the event to encourage
their team. Whereas, crowds leaving the event either walking or
standing they are performing the same action.
“At benefit concerts or concerts with the purpose of enhancing
social awareness about an issue the spectators are very united
psychologically. At those times it works in favour of controlled
crowd behaviour because everyone is interested in making a
good show of the event. In participatory crowds, there is
considerable psychological unity since they are all performing or
competing with one another. Demonstrators are mostly very
united psychologically and if antagonised can get to be quite a
problem”
It depends on the purpose and nature of the event. For example,
in the final world cup, the emotional intensity of the crowd is likely
to be very high.

Volatility
To what degree has the crowd
reached an explosive point?

While a crowd are acting recklessly, indicating the possibility for
the disorder. It is difficult to stop them and the time must not be
wasted.

Individual behaviour
How much individual control and
responsibility is being
exercised?

A crowd characterised by individual behaviour is one where each
person is responsible and aware of himself. People are also
exercising responsibility and concern for others.

Group behaviour
To what degree are individuals
dominated by the group?

When Individuals are highly dominated by the group, they could
act without a sense of responsibility or with little self-awareness.

Degree of lawlessness
How much criminal behaviour is
taking place:

The lawlessness of the crowd are pushing and shoving, fighting,
throwing objects, damaging the property, entering restricted
access etc.

Level of violence
How violent is the crowd?

It depends on the historical assessment of the incidents and the
current observation of the crowd.

Common motive for action
To what degree are people’s
motives for acting the same?

Psychological unity:
How psychologically united is
the crowd?

The damages often occur in seating areas, parking, walls,
hallways, etc. These damages can be reviewed at previous
events at the same location or with a similar crowd.
There is a high potential for injuries and deaths in crowds.
Likelihood of injuries and deaths
However, it depends on the density of the crowd, the type of
How likely is it that there will be
event and location. The age, condition and design venues could
injuries or deaths?
influence the possibility of incidents.
Table 2.3 Crowd Characteristics (Berlonghi, 1995)
Level of property damage How
much property damage is likely
to occur?

For facilities managers to formulate effective plans, they need to
understand the basics of crowd behaviour theories, types of the crowd, and to
assess the crowd characteristics. By reviewing the literature, various studies have
been carried out in understanding the mechanisms underlying the crowd and its
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behaviour in normal and emergency conditions. The studies include systematic
review and meta-analysis studies (Bosina and Weidmann, 2017; Haghani and
Sarvi, 2018; Illiyas et al., 2013; Vermuyten et al., 2016; Zitouni et al., 2016),
psychological research testing crowd behaviour theories to investigate the
applicable theory to the condition (Drury et al., 2009; Hughes, 2003; Moussaïd et
al., 2016; Tang et al., 2009), video analysis based on controlled laboratory
experiments with human subjects including manual video analysis (Nicolas et al.,
2017) and automated image processing (von Krüchten and Schadschneider,
2017; Wagoum et al., 2017; Zhang et al., 2012), video analysis of pedestrian
crowds' movement in natural environments (Do et al., 2016; Xie et al., 2016; Zeng
et al., 2014), and evacuation studies (Fridolf et al., 2016; Lovreglio et al., 2016;
Peacock et al., 2012; Ronchi et al., 2014).
The majority of these studies were based on the experimental approach
which attempted to study the crowd itself (group) rather than focusing on the
interaction of the individuals while in the crowd in large space buildings. As
proven in the previous studies, the users were disregarded by the researchers.
This thesis focuses on the user's perception of safety and behaviour; it is unlike
what has been studied in the past which was focusing only on the group.
2.4

Crowd Safety and Crowd Disasters
“The underlying principle of crowd safety is to ensure that participants are

safe during both emergency situations as well as normal conditions and
developing actions according to the analysis of the causes and prevention of
previous crowd disasters” (Alnabulsi and Drury, 2014). Crowd safety is a major
concern in facilities management and to those who attend events in large
buildings and at venues such as sports stadiums, concert halls, and religious
events (i.e. Hajj). Alnabulsi and Drury (2014) claims that crowd density is one of
the threats to crowd safety. However, there are other threats also that will be
discussed in detail in Chapter 3. A bad crowd safety experience can become a
disaster when many people are exposed to risk such as seriously getting injured
or killed from trampling or crushing or other causes. In large space buildings used
by large numbers of people, there are many threats and different levels of risk
that require effective management. Dickie (1995) stresses that a flaw or hazard
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in large buildings or spaces during an event results in many crowd disasters
across the world.
There are several criteria of disasters which has been given by (Keller et
al., 1997; Keller and Al-Madhari, 1996; Middleton and Franks, 2001; Mitroff,
1988). The Center for Research on the Epidemiology of Disasters (CRED)
(2003), has determined several criteria for disasters and at least one of the
following must be fulfilled: 10 or more people killed; 100 or more people get
injured; declaration of a state of emergency; a call for international assistance.
Disaster is an unexpected incident or natural catastrophe which causes
large damage, injury or loss of life (Guttry, 2012). According to Asian Disaster
Reduction Center (2003), disaster can be defined as follows: “A serious disruption
of the functioning of society, causing widespread human, material or
environmental losses which exceed the ability of affected society to cope using
only its own resources.” Several researchers have given different definitions of
disaster (Keller and Al-Madhari, 1996; Turner and Pedgeon, 1997). Turner and
Pedgeon (1997), which argue that disaster has no agreed definition. Parker
(1992) defined the disaster as “. . . an unusual natural or man-made event,
including an event caused by failure of technological systems, which temporarily
overwhelms the response capacity of human communities, groups of individuals
or natural environments and which causes massive damage, economic loss,
disruption, injury, and/or loss of life. Disaster can occur anywhere and anytime in
the world. It has a serious impact on human life and the entire environment.
All over the world, there are many research centres which are specialised
in disaster management (preventing, preparing, mitigating, and responding).
These research centres have classified disasters into five catagories: natural,
unnatural man-made, purely social, technological, and hybrid. As shown in Figure
2.3,

Shaluf

(2007) has categorised the disasters into three types: natural

disasters, man-made disasters, and hybrid disasters. Man-made disasters have
been classified as technological disasters, transportation disasters, structure
collapse, and production failures. Natural disasters are the disastrous events that
humans have no control over such as earthquakes, floods, tornadoes and etc.
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Figure 2.3 Types of the Disasters (Shaluf, 2007)

Man-made disasters are the disastrous events that can occurr due to
human decisions. According to the International Federation of Red Cross and
Red Crescent Societies (2003), man-made disaster can occur suddenly, and it is
referred to as non-natural disastrous. Structural collapse, fire, crowd stampede
are all man-made disasters. While hybrid disasters include both human mistakes
and natural disasters. Hybrid disasters include floods that ravage community built
on a known floodplain, the location of residential premises, factories and
landslides. According to Kishore (as cited in Shaluf, 2007a), Asia and the Pacific
are the most exposed regions for disasters over the world. Each year the
disasters can cause enormous tragedy such as loss of life, injuries, property
damages and etc. Natural disasters are disastrous events that occur from natural
causes. The risk of natural disasters can be minimised by using a warning system
which alert the people in advance for any natural disaster. Moreover, the
consequences of natural disasters can be diminished through appropriate
disaster management. Man-made disasters contain socio-technical and warfare
disasters.

Socio-technical

disasters

include

technological

disasters,

transportation disasters, structure collapse, and production failure. Hybrid
disasters take place as a result of natural forces and human error.
34

Crowd disaster is a man-made disaster which refers to people getting
seriously injured or killed from trampling or crushing. Many crowd disasters
studies have been undertaken by the researchers (Helbing et al., 2007; Helbing
and Mukerji, 2012; Nicholson and Roebuck, 1995; Sime, 1995). Dickie (1995)
study reviews the major crowd catastrophes that occurred in the United Kingdom.
It reviews in detail the major crowd disasters that occurred in Sunderland (1883,
deaths183), London (1943, 173 deaths), Bolton (1946, 33 deaths), Glasgow
(1971, 66 deaths) and Sheffield (1989, 96 deaths). A qualitative approach using
document analysis was used by Dickie (1995) to identify four threads factors
which can lead to crowd disasters:
(1) Inadequate planning
(2) Excited crowd
(3) Lack of crowd management and control
(4) A flaw or hazard in the facility
The study found that the Glasgow disaster in 1902 reoccurred at Bastia in
1992. Bolton crushing in 1946, (Hughes, 1946) was also similar to the
Hillsborough catastrophe. Furthermore, the Sunderland catastrophe occurred
again at Bethnal Green incident of 1943.
A similar study was conducted by (Nicholson and Roebuck, 1995) which
explains the investigations that were carried out by the Health and Safety
Executive (HSE) in regards to the disaster that occurred at the Hillsborough
Stadium on 15 April 1989. The investigations covered the examination and testing
of crush barriers, collapse load calculations, development of a model to predict
crowd pressures, estimation of crowd densities and estimation of the number of
spectators entering the West Terrace of the ground. A qualitative method was
conducted through analysing the documents and video films. The investigation
provided important evidence of what happened at Hillsborough. It was shown that
there were only seven turnstiles at the West Terrace at Hillsborough serving
10,100 spectators, which were not enough to handle all the spectators at that
event. According to the Guide to Safety at Sports Grounds, the turnstile rate of
entrance per hour should not exceed 660 persons. The actual number of people
who passed through these turnstiles exceeded the standard rate of 660 persons
per hour. This led to crushing barrier 124A resulting in people getting crushed.
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The investigation demonstrated that the reason for crushing barrier 124A was
due to the consequence of crowd pressure. Nicholson and Roebuck (1995)
argued that the Hillsborough disaster highlighted the significance of managing
crowd safety. It notes that efficient facilities management must consider the
behaviour and movement of the crowd within a venue as well as engineering
aspects of venue design; in addition to planning, organisation, and regular review.
While Sime (1995) emphasises the importance of the integration between
psychology and engineering. His study addresses the relationship between (A)
design and engineering x (B) communications technology x (C) crowd
management x (D) crowd behaviour and movement. It reviews crowd psychology
in terms of its relationship to engineering and crowd safety. It focuses particularly
on the crowd behaviour during ingress and egress in public settings. A qualitative
method, document analysis is used. The study describes the reason for the
disasters as poor communication before or during the incident, rather than
blaming the designers or the crowd managers. Sime’s work shows the need for
an interdisciplinary approach to crowd safety and that the association between
people and the physical environment must be considered in addressing crowd
safety.
Reviewing and understanding previous disasters is fundamental to
learning from past mistakes, and being able to identify and mitigate possible risks.
The different types of disasters must be taken into account in managing the risks
and planning for an event. The above crowd disasters examples underline the
inability of society to learn from previous mistakes even though most of the crowd
disasters that occurred are well documented. This confirms that the potentiality
crowd disaster still exists. The hazards were either not recognised or ignored in
the incidents stated here. These studies again attempted to measure the
objective safety, and it is clearly showing that the subjective safety was not
considered.
2.5

Crowd Safety Management
It is essential for people who are managing the crowd to acknowledge the

difference between crowd management and crowd control in order to effectively
plan and prepare for an event so that suitable actions are followed (Challenger et
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al., 2009a). Crowd management is the process to facilitate all the activities and
crowd movement at an event in order to ensure that the members who come to
watch, or to be part of, are enjoying the event safely, as well as to encourage the
people to behave in the desired manner (Challenger et al., 2009a). Crowd
management is to ensure the safety and satisfaction of the crowd; additionally, it
is to organise the movement of the crowds effectively. The plans of crowd
management should fulfil the needs of the crowd and event (Berlonghi, 1995).
This process should cover all the services of the facility including ticket sales and
ticket taking procedures, seating area, parking space, noise control, information,
bathroom facilities, lost and found, communications. Berlonghi (1995) highlights
that the plan of crowd management needs to consider the sociological aspects,
time of crowd arriving and leaving, parking, weather conditions, demographics,
size, seating arrangements and transportation. If all of these services are well
organised and considered in the facility at an event, then it is considered crowd
management.
When the crowd begins to act in an aggressive way and/or in an
undesirable behaviour, then it starts to get into crowd control area. Crowd control
is important when the crowd gets out of control: fight, throwing objects, disorder,
and etc. Those crowds need to be controlled from illegal and dangerous
behaviours. In such a situation, security or law enforcement officers must be
involved to bring the crowd back in-control by using limited access, arrest,
admissions control. “Crowd control may be part of the crowd management plan
or may occur as an unplanned reaction to a group problem. It can include extreme
measures to enforce order, such as the use of force, arrest, or threat of personal
injury” (Fruin, 1993). The security must be well trained and capable of stopping
the trouble and controlling the crowd. Crowd control should have plans and
procedures once the crowds lose their control. The plan of crowd control should
involve measures that can be applied at the certain time of the event. The plan
should have procedures that reduce the need for any unintended or emergency
tactics.
The movement, employment, and facilitation of the crowds are part of
crowd management, while crowd control will take steps at the time crowds start
behaving in a disorderly or dangerous manner. The procedures of crowd
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management include planning for an event, training staff and gathering data.
Whereas crowd control focuses on the processes of decision-making and
emergency planning. Due to an increase of events including sporting, music,
religious and etc., the procedures of crowd management and control are well
developed and effective.
Effective crowd management makes crowd control redundant. When the
management plan has been planned and organised, then any problems arising
at crowd events can be prevented and quickly resolved. Therefore, the need of
crowd control will be less priority or can only be used as last resort (Challenger
et al., 2009a). Issues can be prevented from the beginning if crowd management
is planned and organised well. Several factors need to be included in typical
crowd management and control strategies as presented in Table 2.4. It is
important to note that crowd management is proactive while crowd control is
reactive (Silvers, 2008). As depicted in Figure 2.4, although crowd management
is different than crowd control, experts have shown that they are interrelated.

Figure 2.4 The Dimensions Crowd Management and Crowd Control (Silvers, 2008)
Crowd Management

Crowd Control

Adequate facilities

Admission controls

Adequate ingress and egress

Barriers, layout and controlled perimeters

Supervision and monitoring

communications

Understanding of audience and activates

Restriction of behaviour
Security and stewards

Table 2.4 Factors included in typical crowd management and control strategies (Silvers, 2008)
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A study by (Anna et al., 2001) explores the significance of crowd
management and control. The need for appropriate operating process and the
impact of inadequate crowd management and control is examined through both
domestic (United States) and international legal case analysis. The study
analyses the recent legal opinions showing the techniques of inadequate and
adequate crowd management and control. Several health and safety guides are
currently available in relation to the objective safety planning and managing
crowds safely (HSE, 2000a; Kemp and Moore, 2010; National Disaster
Management Authority of India, 2014) which need to be taken into account. The
literature suggests that for managing crowded large space buildings safely, it is
important to have an in-depth understanding of crowd management and crowd
control as well as the guidance offered by the expert organisations such as Health
and Safety Executive (HSE) etc. However, the literature is lacking in offering any
guidance or approach for measuring the subjective safety particularly in facilities
that accommodate the crowd.
2.5.1 Crowd Safety Models
Several key models on crowd safety have been found, namely: (1) sociotechnical systems thinking; (2) FIST model (Force, Information, Space and Time);
and (3) six dimensions and loci of crowd disaster model (Stampede, Riot,
Structural and Mechanical failure, Terrorist attacks, Explosion (fire, chemical) and
Natural disaster).

(1) Socio-technical systems thinking model
Socio-technical systems thinking model has been applied to analyse
crowd behaviours in normal and emergency situation (from a safety viewpoint),
and to evaluate the management of crowd events. Over the past 60 years, sociotechnical systems thinking has been used and implemented in the new
technology and work design fields where it has made a high impact (Davis et al.,
2014). Authors have extended the socio-technical systems thinking to a wider
range in order to analyse, solve complex problems or systems and global
challenges as well as become engaged in predictive work. In a similar note,
management of crowd events has been provided as an example of socio39

technical systems thinking. It has been stated that “any complex organisational
system can be represented in the form of a hexagon” (See Figure 2.5).

Figure 2.5 Socio-technical Systems Thinking Model

The model includes six interrelated elements: goals, people, buildings and
infrastructure, technology, culture, process and procedures. In order analyse the
crowd safety, all issues within these six elements must be taken into
consideration. The way of using this model is like any other conceptual
frameworks, where it requires collecting, analysing, interpreting the data,
summarising the findings, testing the result and amending them where
necessary.
Socio-technical systems thinking model has been applied to the
Hillsborough football stadium disaster to help in understanding the causes of the
disaster. By focusing on the Hillsborough football stadium disaster (1989), a
model of socio-technical systems thinking has been provided (Challenger et al.,
2011) (Figure 2.6). The model shows that the mindset of those who were
managing the event at that time was inappropriate, as well as them focusing
exclusively on the hooliganism (culture). In addition, the concern for safety was
less than concern for security, where they focused on the match starting rather
than getting all the fans into the ground safely (goals). Poor communication and
coordination between police and stewards before and during the match were
found (processes and procedures). Furthermore, there was a lack of
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multidisciplinary input (e.g. knowledge, skills and expertise), so the crowds were
not directed appropriately (people).The model shows that the failure of the radios
made the situation worse (technology), and furthermore, the facilities were poor
design as well as the layout were inappropriate (buildings and infrastructure)
(Challenger et al., 2011).

Figure 2.6 Crowd disasters: a socio-technical systems Perspectives (Challenger and Chris W.
Clegg, 2011)
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This theoretical model has some limitations which may not be applicable
to this thesis study as it is more concerned about the crowd’s welfare (e.g. crowd
satisfaction and comfort) rather than crowd safety. Kendrick (2013) also states
that there is an absence of empirical research, and the conclusions of the model
do not seem to be evidence based.

(2) FIST model
Fruin (1993) proposed a “FIST” model as shown in Figure 2.7 to give a
better understanding of the causes of crowd disasters. “FIST” is acronym defined
as crowd force (F), information (I), space (S), time (T). These elements were
derived from personal experiences and the analysis of major crowd incidents as
well as traffic flow principles. The model provides an explanation of the influence
of the crowd force (Ramesh et al., 2013). It has been established to demonstrate
the crowd characteristics, prevent and mitigate the crowd disasters and develop
efficient guidelines. The study of Fruin reports some examples of major crowd
disasters that have occurred in a wide variety of venues and different types of
events and circumstances. The examples given include sporting event egress,
sporting event ingress, religious events, riot, entertainment events, weather,
funeral procession, power failure, food distribution, air raid shelter, and escalators
and moving walkways. For instance, Fruin outlines several examples of incidents
that occurred at sporting event egress and sporting event ingress in 1971, 1981,
1982, 1989 at the Ibrox Park Stadium in Glasgow, Athens stadium in Greece,
Moscow's Lenin Stadium, and Hillsborough Stadium in Sheffield respectively.
Approximately 524 fans in total were killed in these four events for some reasons
while entering or leaving the events as a locked gate blocked hundreds of fans
resulting in crowd pressure or asphyxiation. Similarly, it occurred in religious
events in 1986 in Hardwar, India, and also 1990 in Makkah. In a 500m long tunnel
connecting the Tent City of Mina and Makkah, 1426 pilgrims died in a crowd
crush. While in India 46 people were killed on a crowded bridge across the
Ganges River. There have also been incidents where young rock music fans were
asphyxiated in a crowd crush in several entertainment events.
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Figure 2.7 FIST Model

Fruin believes that the causes of these disasters are due to interruption of
a simple traffic process such as exiting a stadium resulting in a crowd pressure.
Other causes fall into two general behavioural categories, either a flight response
or a mass craze. Flight occurs when people experience or feel a real or perceived
threat. Whereas, a mass craze refers to the competitive rush to obtain something
valued and needed. Fruin presents an example of an incident occurred in
Bangkok during food distribution which resulted into the mass craze.
Fruin also highlights that there is a lack of front to back communication in
the majority of the crowd incidents. The people in the front experience heavy
distress while those who are in the back press forward. The people in the front
are immobile and under great crowd pressure unlike those who are in the rear
who feel freer movement due to lower densities. Fruin stresses that the security
personnel approach “urging people not to push” to control the crowd from the
front is ineffective during a serious crowd incident in progress.
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Fruin suggests several crowd management strategies in order to prevent
major crowd disasters. The strategies given were in relation to the terminology,
nature of crowd, crowd management centre, staff training, emergency response,
responsibilities of performers, ticketing, the duty to warn, space, movement
pathways, pressure points, backup standby power, emergency medical facilities,
time, metering, early opening and delayed closing. Some of these strategies are:
understanding the terms of crowd management and crowd control, having a wide
range of information about the venue and users, as well as real time information
of the status of crowd conditions, training people who are in charge of managing
crowds, having emergency medical facilities to handle routine accidents and
larger crowd incidents and etc.
Fruin’s study has been cited by numerous researchers whose research
focused differently than this thesis such as proposing crowd simulation models
(Golas et al., 2014; Jian and Zhang, 2014; Sánchez et al., 2016), building
evacuation (Cornes et al., 2017; Sagun et al., 2013), crowd dynamics and
pedestrian movement (Shiwakoti and Sarvi, 2013), analysis of crowd disaster
(Helbing and Mukerji, 2012; Illiyas et al., 2013; Santos-Reyes and Olmos-Peña,
2017). The FIST model will be discussed further in detail in the Development of
Model and Hypotheses section in chapter 3.

(3) Six Dimensions and loci of Crowd Disaster
Chukwuma and Kingsley (2014) has examined human stampede as a
typical instance of crowd disaster in order to make practical recommendations for
its mitigation. It posited that human stampede is a veritable threat to public safety
and security in crowded large space buildings. The study discusses the nature
and mechanics of the human stampede during mass gatherings. It is highlighted
that

some

critical

consequence

of

human

stampede

and

prominent

circumstances may occur. The study reports three major instances of human
stampede that occurred in Nigeria between December 2013 and March 2014.
These incidents occurred in diverse venues in Nigeria where more than 84
humans were trampled to death. Through using a qualitative approach analysis
and relevant secondary sources, they established that failure or inadequacy of
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crowd management and crowd control mechanism was the main cause of the
occurrence of these human stampedes that occurred in Nigeria.
Chukwuma and Kingsley proposes six dimensions and loci of crowd
disaster. These dimensions include stampede, riot, structural and mechanical
disaster, terrorist attacks, explosion (fire, chemical) and natural disaster.
Chukwuma and Kingsley also note the loci of each dimension (where it could
occur).
(1) Stampedes may take place in mega-events, large groups gathering,
rallies, demonstrations, etc.
(2) Riots may occur in sports events, social mass events, political rallies,
music events etc.
(3) Structural and mechanical disasters include overcrowded elevated
structures and lifts, etc.
(4) Terrorist attacks usually take place in public areas: railways, religious
events, crowded public areas, etc.
(5) Explosions (fire/chemical) happen in industrial complexes, shopping
centres, public accommodations: hostel, hotel resorts, etc.
(6) Natural disasters (Earthquake, flood, etc.) can occur anywhere and
anytime.
The study recommends that all stakeholders should ensure that the event is
planned and coordinated in such a manner that prevents the possibility of panic
or tension-induced crowd turbulence. A contingency approach to crowd
management is also imperative. The study has been cited by four researchers
who determined the characteristics of crowd dynamics that cause overcrowding
in large space buildings: (Aljohani, 2014), proposed a model that can help to
predict the crowd abnormality behaviour; (Sadiq et al., 2018), developed an
improved stampede prediction model; (Sadiq, Selamat and Ibrahim, 2017; Sadiq,
Selamat, Ibrahim, et al., 2017). The six dimensions and loci of crowd disaster
model will be discussed further in detail in the Development of Model and
Hypotheses section in chapter 3.
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2.6

Holy Mosque Studies and FM in the Holy Mosque
According to Barhamain (1997), Hajj (an annual pilgrimage to Makkah that

is undertaken by Muslims from all over the world) is a large event that needs more
research and investigation. This research chose to use the Holy Mosque in
Makkah as a case study, a building where large crowd always use on a
continuous basis all year round with its peak occupancy usually reached during
the Hajj. The research reveals that there is a lack of studies in the Holy Mosque
during Hajj event, and this is mainly because of the access restrictions to this
area for data collection.
By reviewing the studies of the Holy Mosque during Hajj event, it has been
found that most of the research carried out have only focus on objective safety.
The majority of the studies focus on proposing simulation models to solve the
issues in terms of crowd congestion, pedestrian analysis, building evacuation,
pilgrims movement in different scenarios, the actions and behaviours of the
pilgrims and highlighting the reasons that causes the difficulties in pilgrims
movement (Abdelghany et al., 2005; Janajrah and Virk, 2014; Koshak and Fouda,
2008; Mahmood et al., 2017; Sakellariou et al., 2014; Sarmady et al., 2011,
2012).
For instance, the study of Koshak and Fouda (2008) analysed the
pedestrian movement during the Tawaf by using Global Positioning Systems
(GPS) and Geographic Information Systems (GIS). They illustrated that there had
been previous researches that have analysed the Tawaf, but they were only
based on human visual observation using video camera recordings. The previous
studies all lacked detailed and accurate spatial and temporal data. The Koshak
and Fouda (2008) collected spatial-temporal data at different times using four
students who were trained in how to use the GPS system. The collected data
were then analysed using the GIS system. The students used the GPS device to
track the pilgrim movement in the Tawaf area which is needed for spatialtemporal analysis. A position coordinates at 15-second intervals were collected
at the courtyard level (close to the Kaaba) and the roof during 10th, 11th, and
12th of Hajj while the crowds were at the largest. The collected data was then
used to build a temporal geodatabase to represent Tawaf tracks. During each
day, the students had to go around the Kabah once hourly starting from 10 am to
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9 pm. The study identified seven different zones in the Tawaf area and showed
the average speed of Pedestrian in each zone. As a result, it was able to identify
the most crowded area which is located before the start line of the Tawaf. This
study found that the spatial-temporal analysis is very useful in design decisions
and it can give the architect or urban designer to better visualise and understand
pedestrian behaviour in various architectural and urban open spaces. Also, it was
recommended that the data should be collected by using GPS devices to verify
the accuracy of the data for future work.
Similarly, (Janajrah and Virk, 2014) analysed the pilgrims movement
around the Kaab’a during Tawaf in different scenarios and highlighted the
reasons that cause the difficulties in pilgrims movement during Tawaf. The study
presented a design for the Kaaba to overcome the problem of congestion and
crowd collision. It was shown that the crowd collision comes from the people who
have finished their Tawaf as well as the need to walk outward with those who
have just arrived and need to start performing the Tawaf. This collision creates
three problems: (1) safety (breathing difficulties) (2) a distraction from spiritual
submission (too crowded with contact between opposite genders), and (3) longtime delays (2 to 3 times longer). The study suggested four potential solutions.
First, it is to make a schedule entry, but they claimed that it was difficult to
schedule and control a huge crowd. Second, it was to build the second floor in
the courtyard surrounding the Kaaba, but they stated that the view of the Kaaba
would be obstructed. Third, it was to control the flow of the people who are going
to perform the Tawaf ritual at maximum capacity. The final solution was to create
a spiral way around Kaaba which circles it seven times then at the Kaaba there
is a ramp leading to the underground area, but the issue with this solution was
that it was going to be difficult for the pilgrims who have to go back to continue
the Saee ritual. The recommended optimal solution for this study was the spiral
path approach. It was argued that using this approach would reduce the total
waiting time in the system as a function of spiral path width and level of service
(which is, flow rate, speed, space per person). These analyses showed some
reasons which cause the difficulties in pilgrims movement during Tawaf. “In the
long run, the goal is to suggest some optimise ways to reduce the turbulence
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(crowded density) caused by the pilgrims movement during Tawaf” (Janajrah and
Virk, 2014).
Halabi (2006) provides an understanding of the overcrowding problems at
the Holy Mosque. He investigates the context, background, nature and extent of
overcrowding problems in order to identify the potential reasons behind the
problems. It was reported that understanding these reasons could be helpful for
people who are managing the Holy Mosque in an effort to provide a comfortable
and safe place for the users. Mixed method approach was used in this inquiry,
and 1000 questionnaires were conducted. This was to obtain the feedback and
opinions of the users with regards to the people behaviour and movement
patterns inside and around the Holy Mosque facility throughout the year. It was
found that the overcrowding problems occur at certain times of the year
concentrated at the gates and some places inside the Holy Mosque. Furthermore,
four factors were identified which cause the overcrowding problem at the Holy
Mosque: (1) design (in which some areas need to be redesigned), (2) regulations
(e.g. the overcrowding at Black stone), (3) religious acts (e.g. kissing the black
stone), and (4) the ‘bad’ behaviour such as blocking the gangways and exits. It
was argued that the overcrowding at the Holy Mosque could strongly be affected
by people behaviour. Moreover, the Holy Mosque is risky since it falls into “level
of services F” based on American and British design standards “which has a
shuffling movement for all”. It was suggested that the Holy Mosque should have
an official design standard considering people behaviour in the crowded
situations to offer a comfortable and safe atmosphere for the worshipers. The
study established a strategic plan to solve the overcrowding problems at the Holy
Mosque. There also seems to be a very limited number of studies in FM
particularly in risk management component in regard to the safety held in
crowded large space buildings. One study only has been found in the FM context
that was carried out in crowded large space building which was conducted by
Barhamain (1997), who also selected the Holy Mosque during Hajj event as a
case study. Barhamain’s study looked at the importance of the provision of
facilities and services for a large event in relation to actual user perceptions. A
quantitative approach was used to collect and analyse the research data in
purpose to measure the importance of the facilities and services based on users
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responses. 470 questionnaires were conducted during Hajj event. It was found
that six important factors have a clear influence on the user’s perceptions with
regard to the provision of facilities and services during the Hajj. These factors
include (1) nationality (e.g. language and cultural background); (2) verbal
communication; (3) participant age; (4) travelling experience; (5) training and
orientation; and (6) resident and non-resident of the host country. According to
the analysis of users responses, security and safety facilities and services during
the large event were considered the most important.
Alnabulsi and Drury (2014) also focused on crowd density, social identity
theory, and level of safety in the Holy Mosque during Hajj event. They claim that
the crowd density in the Holy Mosque is one of the main threat to crowd safety.
They hypothesised that shared social identification in the crowd moderates the
relationship between the crowd density and safety. A total of 1,194 questionnaires
were distributed to the pilgrims at the Holy Mosque during the Hajj. The main
finding in this study suggested that there is a negative effect between crowd
density and safety showing that increasing levels of crowd density reduced
feelings of safety. They claimed that this effect existed because pilgrims were
high in social identification as Muslims, meaning that “people act as one in a
crowd because they share a social identity”.
This thesis is different than what has been undertaken previously, since it
is not about modeling the crowd movement, or building evacuation, or the
physical space. It is in the FM context with more focus on the risk management
as one of the FM component. It aims to identify the most critical risk factors that
may affect the perceived safety, as a result, affect the user behaviour. It is more
focused on the users at this large facility than the crowd itself.
2.7

The Gap in Knowledge
The review of the literature shows that most of the studies focused on

objective safety and overlooked the subjective safety even though it is crucial.
The studies carried out about the Holy Mosque during Hajj also focused on
objective safety which focused mainly on crowd simulation modeling. The studies
proposed simulation models to solve the issues in terms of crowd congestion,
pedestrian analysis, building evacuation, pilgrims movement in different
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scenarios, the actions and behaviours of the pilgrims and highlighting the reasons
that cause the difficulties in pilgrims movement. Moreover, it has been found that
there are no facilities management studies in crowded large space buildings
particularly with regards to safety. Only one study has been found with regards
to the facilities management in the context of Hajj event that was conducted by
Barhamain (1997) which looked at the provision of FM soft services and the
satisfaction of the users.
The research reported in this thesis is in the context of FM that focuses
primarily on the risk management component with regards to safety particularly
subjective safety (perceived safety). It has been theorised that perceived safety
is significant in an effort to understand user behaviour and improve safety
(Zhuang and Wu, 2012). It has also been claimed that insufficient attention to the
behaviour of the users in crowded large space buildings is a major factor in crowd
disasters (Raineri, 2015). It is believed that establishing the relationship between
these two factors is significant, the research, therefore, will bridge the knowledge
gap by establishing the relationship between the perceived safety and the user
behaviour in crowded large space buildings (Holy Mosque as a case study), in
order to enhance crowd safety and to minimise the likelihood of the occurrence
of any crowd disaster. There is a need to develop a comprehensive model of
crowd safety that shows the effect of each risk factor on perceived safety as they
impact on user behaviour.
2.8

Conclusion
This chapter encompassed several areas: Hajj studies, the studies of

facilities management and risk management at large space facility, crowd
behaviour and crowd safety. The review of the literature covered relevant theories
and studies related to facilities management, risk management, crowd behaviour,
crowd disasters and crowd behaviour models.
This thesis study is about large space facility, where the Holy Mosque
located in Makkah is chosen as a case study. The literature review has revealed
that most of the studies carried out about the Holy Mosque during Hajj focus
mainly on crowd simulation modelling. These studies presented simulation
models to solve the issues in terms of crowd congestion, pedestrian analysis,
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building evacuation, pilgrims movement in different scenarios, the actions and
behaviours of the pilgrims and highlighting the reasons that cause the difficulties
in pilgrims movement.
The Holy Mosque facility requires appropriate services to fulfil the
stakeholders desires and needs. The Facility is defined as “a place, especially
including buildings, where a particular activity happens”. The Holy Mosque is
considered a large facility with an area of 356,800 square metres that can
accommodate 2 million worshipers at the same time. It includes indoor and
outdoor spaces that make it more complex in managing the crowd at the facility.
The review shows that the poor management, inappropriate design, flow or
hazard design are some of the significant factors that could affect the health and
safety of the buildings occupants. Moreover, the design defects, factors related
to human or natural disasters are considered the most common threats to the
facility.
BIFM has identified the facilities management professional standards
framework into functional areas, components and competences. There are 24
components of facilities management, and risk management is just one of those
components. Through the literature review, it has been shown that facilities
management covers all aspects of planning, managing space, designing,
environmental control, health and safety and support services. Facilities
management is a profession that encompasses multiple disciplines to ensure
functionality of the built environment by integrating people, place, process and
technology. It has been suggested that Facilities Management will enable Hajj
Authorities to manage the crowd safely and provide proper services. The
literature search has revealed that there are no facilities management studies
conducted particularly with regard to the health and safety at the Holy Mosque.
Only one study has been found with regards to the facilities management in the
context of Hajj event that was conducted by Barhamain (1997). This study looked
at the importance of the provision of facilities and services in relation to actual
users perceptions. It established that users of the Holy Mosque consider security
and safety during the Hajj event as the most important factors.
The review of the literature shows that the success of an event relies on
effective planning and that risk management is a key part of the planning. Early
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appropriate planning and design along with effective management will surely
provide better services and reduce the risk to the user of a large space facility. It
has been shown that, there are some hazards at the venue that need to be
considered including physical hazards (e.g. poorly guarded machinery, slipping/
tripping hazards, vehicles, poor electrical system, fire hazards), hazardous
substances (e.g. chemicals, dust, fumes), hazardous work environment (e.g.
noise, poor ventilation, bad lighting, hot or cold workplaces), psychological
hazards (e.g. stress, long hours, shift work), ergonomic hazards (e.g. repetitive
work, lifting). By reviewing the risk management studies, there is an indication
that extensive research has been carried out on risk management at sports
events. Although many tragic incidents occurred at religious events, no single
study exists on risk management at religious events.
The term ‘crowd’ often has negative connotations, but it is simply a large
number of people who assemble at the same place and time reacting together to
stimuli. It has been emphasised that it is important to understanding crowd
dynamics in order to understand crowd safety. Eleven different types of the crowd
have been identified, and it was highlighted that the types of the crowd must be
considered in the planning for an event. Managing the crowds without considering
the types of the crowd is always risky; it might lead to something unfortunate or
a disaster. It has been found that very little research has been conducted into
crowd typologies. Although, crowd types are very important, only two relevant
publications have been found after carrying out an extensive literature review.
It has been underlined that understanding the crowds and crowd
behaviour should be implemented in order to shift it from only being an academic
exercise. There are important factors that may influence the crowd behaviours
and play an important role in designing the management and controlling the
crowd at special events. These factors include location and time of the event, size
of the crowd, crowd mobility, demographics of the crowd (e.g. age, gender),
schedule of event activities, crowd movement models, the geometry of the
location, weather conditions and density of crowd in different areas. Several
theories of crowd behaviour were reviewed in the literature. Le Bon theory “The
crowd” notes that the people among the crowd lose all feeling of self-responsibility
and become subject to contagion. Another theory is the Emergent Norm Theory,
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explains how crowds could turn into riots and mobs. It is important to understand
these theories in purpose to manage, evaluate and plan for a crowd. It is essential
for people who are managing the crowd to acknowledge the difference between
crowd management and crowd control in order to effectively plan and prepare for
an event. It has been found that the crowd management is always preferable to
crowd control.
It has been argued that poor venue design and crowd management as a
result of inadequate research into crowd behaviour has led to many disasters in
large space buildings resulting in wider scale loss of life and injury. Also, other
causes of disaster are inadequate planning; excited crowd; lack of crowd
management and control and a flaw or hazard in the facility. Crowd disaster refers
to people getting seriously injured or killed from trampling or crushing. These
disasters are man-made disasters which is one of the three types of disaster,
namely: natural, man-made and hybrid disasters.
This chapter has revealed that our understanding of objective safety in
facilities is well established, but there is a complete disregard of the effect of
subjective safety in the built environment. The literature review has revealed that
injuries and loss of lives still occur in crowded events held in large space
buildings, and this may be resulting from the behaviour of the users as they
respond to the objective safety condition put in place to create a safe
environment. What is therefore needed to be understood is the relationships
between perceived safety and the behaviour of the user particularly in crowded
large space buildings.
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Chapter 3 Development of Model and Hypotheses
3.1

Introduction
This chapter proposes a model and develops a hypothesis based on the

literature review reported in the previous chapter. It seeks to adopt a suitable
model for the study which encompasses comprehensive factors that cause risk
to crowd safety. It proposes a model and develops a hypothesis to help provide
a better understanding of the risk factors that influence perceived safety, as a
result, impact the user behaviour in crowded large space buildings. Section 3.2
and 3.3 develop the Subjective Crowd Safety Model (SCSM) based on the
theoretical frameworks and relevant studies. The development of a conceptual
model will include the direct and indirect effect of the risk factors on perceived
safety and user behaviour. The constructs of the conceptual framework and
developed hypotheses will be detailed in section 3.3.
3.2

Development of Subjective Crowd Safety Model (SCSM)
A theoretical framework is simply the theory being chosen to guide the

researcher for a research inquiry (Imenda, 2014). It is “the application of a theory,
or a set of concepts drawn from one and the same theory, to offer an explanation
of an event, or shed some light on a particular phenomenon or research problem”
(Imenda, 2014). Two theoretical frameworks (FIST & Six dimensions and loci of
crowd disaster) have been chosen from the research literature to form the base
and guides to develop the hypotheses for this study. The review of the models
helped to identify 10 factors that cause risk to crowd safety. The proposed model
has been built based on the theoretical frameworks of FIST (Force, Information,
Space and Time) model and six dimensions of crowd disasters (Stampede, Riot,
Structural and Mechanical failure, Terrorist attacks, Explosion and Natural
disaster) (Chukwuma and Kingsley, 2014; Fruin, 1993). These two models have
not yet been empirically investigated. As shown in
Figure 3.1 the theoretical frameworks of FIST, and the six dimensions and
loci models have been combined as a development of a conceptual model in
order to provide a better understanding of the factors influencing perceived safety
as it impacts on the user behaviour. These two models are the best suitable for
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this study because together they cover the key elements of crowd safety and
crowd disaster.
To date, there is no evidence that the key factors (physical, technological,
personal, environmental, psychological) at the Holy Mosque and user behaviour
(by pilgrims) are associated with the perceived safety. Also, as is evident in the
present literature, there has been lack of FM studies at a large space facility with
regards to safety and an absence of empirical evidence that investigates the
factors that have an impact on perceived safety and user behaviour ultimately
crowd disasters. The extent to which perceived safety influences the user
behaviour, or vice versa, still remains unknown. Understanding the relationship
between perceived safety and user behaviour will help the facilities management
of large space buildings with regard to crowd safety, and in particular, will help
the Hajj Authorities in managing crowd safety in the Holy Mosque in order to
prevent any crowd disaster.
The proposed conceptual framework Subjective Crowd Safety Model
(SCSM) as presented in
Figure 3.1 involves 21 hypotheses direct and indirect effect that will be
empirically and statistically tested. The direct effect is the influence of an
independent variable directly on a dependent variable. It is indicated by a singleheaded arrow pointing from one variable to another. The bold arrows in
Figure 3.1 include 11 direct effect between the independent variables oval
shaped (perceived force, poor information, perceived insufficient space,
perceived poor real time management, perceived risk of stampede, perceived risk
of riot, perceived risk of structural and mechanical disaster, perceived risk of
terrorist attacks, perceived risk of explosion, perceived risk of natural disasters)
and mediating variable rectangle shaped (perceived safety), and between the
mediation and dependent variable (user behaviour). Whereas the 10 dashed
arrows in the figure are referred to the indirect effect. The indirect effect means
that the effect of one variable on another is “transmitted” (at least in part) via a
third/intervening variable. Computationally, it is the product of at least two paths
that can be traced from one viable to another.
The main emphasis of this study is to bridge the gap in literature to explain
how perceived safety influences the user behaviour (pilgrim) at the Holy Mosque.
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Furthermore, it attempts to develop a comprehensive conceptual model that
explains the significance of each factor on perceived safety and user behaviour.
3.3

Constructs of Subjective Crowd Safety Model (SCSM)
In large space buildings with an excessively large number of people

gathering in a specified area such as sports stadiums, concert halls, and religious
buildings there might be greater risks to their safety (HSE, 2000b). Several risk
factors have been proposed by numerous researchers that may threaten people’s
life. Fruin (1993) proposed four key risk factors derived from his personal
experiences, analysis of major crowd incidents and traffic flow principles. He used
the acronym FIST for the four factors defined as Force (F), Information (I), Space
(S) and Time (T). Lately in 2014, Chukwuma and Kingsley (2014) suggested six
dimensions and loci of crowd disaster involving: Stampede, Riot, Structural and
Mechanical failure, Terrorist attacks, Explosion (fire, chemical) and Natural
disaster. In addition, six causes and triggers for crowd disasters were reported by
National Disaster Management Authority (NDMA) (2014), which was compiled
from public inquiry reports, namely: Structural, Fire/Electricity, Crowd Control,
Crowd Behaviour, Security, and Lack of coordination between various
stakeholders. It has been found that researchers have given the psychological
factors less attention. Sime (1995) argued that “psychological factors need close
attention to human movement and hazard growth predictions”. The report of the
Royal Society (1992), stressed the need to integrate engineering approaches to
the estimation of engineering risk with a social science approach, in which risk
perception by the public and management is considered to be as important as
safety engineering criteria”. It has been shown that perceived safety is significant
in an effort to understand people behaviour and improve safety (Zhuang and Wu,
2012). It can be concluded that all of these factors can be risky and must be
considered by those who are managing crowded large space buildings.
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Figure 3.1 Proposed conceptual Subjective Crowd Safety Model (SCSM)
Keys:

Direct effect on Perceived Safety (PS): (H1a – H10)
Direct effect on User Behaviour (UB): (H11)
Indirect effect on User Behaviour (UB): (H1b – H10b)
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From the above review, it has been established that all the theoretical
frameworks were proposed based on the qualitative approaches: semi-interview,
reviewing public inquiry reports, analysis of major incidents and traffic flow
principles and to date, these factors have not been validated statistically or
empirically. Furthermore, the subjective safety has been overlooked by the
researchers who focused more on the objective safety. From the existing
theoretical frameworks, comprehensive critical risk constructs were developed to
validate the measurement model of latent constructs and test the constructs
empirically. These risk constructs are: Perceived Force, Perceived Poor
Information,

Perceived

Insufficient

Space,

Perceived

Poor

Real

Time

Management, Perceived risk of Stampede, Perceived risk of Riot, Perceived risk
of Structural Failure, Perceived risk of Terrorist Attack, Perceived risk of Explosion
and Perceived risk of Natural Disaster, Perceived Safety and User Behaviour. A
word ‘perceived’ has been added since the focus is to measure the subjective
safety (perceived) which as stated earlier is intangible and refers to the feeling or
perception of being safe or unsafe within a specified period.
The purpose of the following subsections is to generate items (indicators)
from the relevant literature to measure each risk constructs that will enable the
research to measure the subjective safety in crowded large space buildings.
3.3.1 Perceived Force (PF)
Perceived force is the feeling or perception of force by an individual within
a crowd which may originate by either seeing, hearing or feeling. Several
consequences may result from the perceived force which has been termed as
indicators (items) by this study. Force in the crowd is usually created from the
interior of the crowd and has two main forms: the self-driven force; and the leaning
force that comes from the weights of the bodies (Zhen et al., 2008). It can reach
a high level such that it cannot be easily controlled or resisted due to the high
pressure from the crowd (Fruin, 1993; Still, 2016). It is argued by Zhen et al. (2008)
that the force among people is a significant factor that leads to casualties.
(Badewi, 2016; Fruin, 1993; Silvers, 2008; Yokota, 2005) stated that most of the
deadliest event disasters involved large crowds, with most of the injuries and
fatalities originating from crowd compression and the subsequent loss of footing
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or inability to move. Fruin (1993) pointed out that “horizontal forces sufficient to
cause compressive asphyxia would be more dynamic as people push off against
each other to obtain breathing space”. He confirmed that the news media have
reported that compressive asphyxia is the main reason for deaths, not the
trampling. Berlonghi (1995) argued that when people in a crowd are being swept
along with movement and compressed, it can lead to severe injuries and fatalities
from suffocation. (Krausz and Bauckhage, 2012) claimed that most of the people
who die from suffocation die because of the enormous pressure on their chests
(up to 4500 N (1000 lbs.)), which Zhen et al. (2008) referred to as the most
sensitive part of the body to a crushing force. Forces among people in a crowd
are generally created when the density is higher than a certain level, and a disaster
can occur when the crowd density reaches a critical density.
Helbing and Mukerji (2012) have mentioned that it is not only the density
that crushes people but also the crowd dynamic (particularly when the density
becomes high); and the physical interaction among people that transfers forces
from one body to others. Critical crowd density is when the floor space of a
standing person reaches around 1.5 square feet. According to Fruin (1993)
crowds become a fluid mass when it reaches seven persons per square metre,
and describing the psychological pressures of crowds while they are moving at
maximum density is difficult. As the density increases, individuals may lose control
over their direction of movement and become part of the crowd. At this point, the
crowd density equals the plan area of the human body.
From the above literature review, the established indicators (items) could
be summarised as breathing difficulties, crowd pushing, movement difficulty,
crowd pressure, uncontrollable pushing, and suffocation. The literature review has
clearly demonstrated that ‘Force’ is a critical risk factor to crowd safety. This study
will test the effect of perceived force on perceived safety and user behaviour
directly and indirectly in the Holy Mosque during the Hajj. Therefore, the following
hypotheses have been formulated:
H1a: Perceived force has a direct significant influence on perceived safety.
H1b: Perceived safety mediates the relationship between perceived force and
user behaviour.
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3.3.2 Perceived Poor Information (PPI)
Before attending an event, an individual may consider a wide range of
information with regards to the venue and the type of crowd. This information could
include the nature of the group, experience with similar groups, familiarity with the
venue, crowd behaviour, signage and means of communication between those
managing the crowd and the crowd. Fruin (1993) pointed out that the information
includes the means of communication, sights and sounds influencing the
perceptions of the group, public address, signs, ticketing, actions and training of
personale. Sime (1999) argued that poor communication before or during an event
is characterised as one of the causes of crowd disaster. Obtaining real time
information about the situation of the crowd in large assembly spaces including
crowd actions, reactions, real or perceived is therefore essential. Experts have
underlined that communication and real time information are key factors in
preventing crowd disasters. It is a good practice to set up a communications centre
and a centralised crowd management system. Information communicated to – or
withheld from – the crowd can influence their perceived safety. Challenger et al.
(2009a) guidance stated that “communicating with the crowd is essential in
maintaining order and managing behaviour”.
Based on the above literature review, the following indicators (items) for
perceived poor information could be identified: poor health and safety information,
poor communication, insufficient signs, invisible signs, and insufficient warning
signs. This study will test the effect of perceived poor information on perceived
safety and user behaviour directly and indirectly in the Holy Mosque during the
Hajj. Therefore, the following hypotheses have been formulated:
H2a: Perceived poor information has a significant direct influence on perceived
safety.
H2b: Perceived safety mediates the relationship between perceived poor
information and user behaviour.
3.3.3 Perceived Insufficient Space (PIS)
Space in built facilities includes physical facilities, seating area, corridors,
stairs, escalators, standing area and lifts. Architects and engineers will typically
pay attention to local building codes but may often disregard for people’s
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movement and perception of safety. It has been shown that when the venue does
not have enough space to accommodate the crowd and the capacity becoming
high, say seven people per one square metre, the human psychology will usually
undergo a change. Experts also argue that when people attempt to escape from
a possible disaster, they rush to an exit ignoring alternative exits made available.
Although this research has frozen the factors that could influence the user other
than the personal factors, Fruin (1993) has indicated that it is hard to describe the
psychological and physiological pressure within a high-density crowd because
individuals may lose their control. Several studies have shown that crowd density
can influence the perceived safety and behaviour (Westover, 1981; Oakes and
North, 2008; Alnabulsi and Drury, 2014). Others have shown that heat and thermal
insulation surround human bodies within a crowded space to the extent that some
people may be weakened and faint (Chukwuma and Kingsley, 2014). Research
has also shown that it is not only the space availability that is the issue but its
ineffective or poor use. This is often caused by the failure of crowd control system
which may result in a human stampede (Chukwuma and Kingsley, 2014).
Therefore, it could be concluded that ineffective or poor use of space is also one
of the key risk factors that could lead to crowd disaster (Still, 2000).
From the above literature review, the indicators (items) for PIS could be
summarised as high density in activity areas; unavailability and inadequate
distribution of stairs, escalators and lifts; high density at entrances and exits; high
density at walkways; and insufficient spaces to accommodate the number of the
users. This study will test the effect of perceived insufficient space on perceived
safety and user behaviour directly and indirectly in the Holy Mosque during the
Hajj. Therefore, the following hypotheses have been formulated:
H3a: Perceived insufficient space has a significant direct influence on perceived
safety.
H3b: Perceived safety mediates the relationship between perceived insufficient
space and user behaviour.
3.3.4 Perceived Poor Real Time Management (PPRTM)
Fruin (1993) argued that real time information and intervention is a key
factor in preventing crowd disasters. Time plays an important role in an event, for
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instance, the density of the crowds before the event is much less compared to the
rapid egress and heavy crowd densities leaving an event. Research has shown
that failure of detecting the crowd behaviour at the right time can lead to injuries
and fatalities (Lloyd et al., 2017). Crowd management literature has made it clear
that it is a requirement to ensure the flow of the pedestrian does not exceed the
capacity of the spaces through which they are flowing or the capacities of the
space in which they are congregating. The crowd congregation could be as people
wait at entrances, exits and/or stairways and lifts/escalators, or as they arrive at
the final event location. There is evidence to suggest that lack of consideration is
sometimes given to how crowd flow and density. Literature has shown that crowd
flows and its density can be successfully managed by controlling timings (Cabinet
Office, 2009).
Based on the literature review, the indicators (items) are summarised as:
poor crowd flows control system; poor real time information and intervention; long
time waiting at the entrances; lack of crowd control technologies, long time waiting
to use the facilities. This study will test the effect of perceived poor real-time
management on perceived safety and user behaviour directly and indirectly in the
Holy Mosque during the Hajj. Therefore, the following hypotheses have been
formulated:
H4a: Perceived poor real-time management has a significant direct influence on
perceived safety.
H4b: Perceived safety mediates the relationship between perceived poor realtime management and user behaviour.
3.3.5 Perceived Risk of Stampede (PRS)
Human stampede is a phenomenon that has occurred many times around
the world. It refers to the hazard that can take place during large events where
people gather (Illiyas et al., 2013). Two forms of stampede have been identified:
that which happens if people panic when attempting to escape from danger;
whereas the second form occurs when people rush toward something needed or
desired at the event (Burkle and Hsu, 2011). Based on previous studies, the
human stampede has been associated with grave consequences such as loss of
life, serious injury, property damage, psychological trauma and distress
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(Chukwuma and Kingsley, 2014). Stampede can occur in many types of large
gatherings including political rallies, social events (funerals, music events, shop
sales etc.), sporting events (soccer matches, athletic competitions, etc.), religious
events (pilgrimages, etc.), job selection screening or test exercises, emergency
situations (terrorist group) or natural disaster (Floods, earthquakes, hurricane,
etc.) (Helbing and Mukerji, 2012; Illiyas et al., 2013; Still, 2016). These studies
have reported that religious events have seen the worst incidents of a human
stampede with most incidents occurring in developing countries such as India and
Saudi Arabia. Pushing, trampling, and crushing is associated with human
stampede. Research has shown that when persons in a crowd choose to create
separate groupings and decide to insist on moving collectively together could lead
to pushing and crushing within the crowd. It is also noticed that blockage of stairs,
pathways, and escalators leads to stampede or trampling in large space buildings.
This could be caused by wheelchairs or other obstructions brought in by the users.
According to (Chukwuma and Kingsley, 2014), human stampede is a typical
instance of crowd disaster. Sociological theorists have stressed that individuals
lose their sense of responsibility during a stampede situation (Miller, 2015).
Studies on crowd disaster (e.g. Still, 2000) claim that when the crowds need to
turn in order to change the direction (e.g. in corners and stairwells), there is a risk
of trampling and/or stampede to occur. They further state that when such
restricted passage has sudden changes in the escape direction, it could also
trigger trampling and stampede as people rush to flee (Shiwakoti and Sarvi, 2013).
The key items or indicators for PRS variable could be summarised as
rushing; blockage of exits and stairways; blockage of escalators; movement in the
opposite direction; blockage of pathways with objects such as wheelchairs,
movement in a large group. This study will test the effect of the perceived risk of
a stampede on perceived safety and user behaviour directly and indirectly in the
Holy Mosque during the Hajj. Therefore, the following hypotheses have been
formulated:
H5a: Perceived risk of stampede has a significant direct influence on perceived
safety.
H5b: Perceived safety mediates the relationship between perceived risk of
stampede and user behaviour.
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3.3.6 Perceived Risk of Riot (PRR)
Riot is a risky phenomenon, with many possible causes of incidents
(Torrens and McDaniel, 2012). The National Disaster Management Authority of
India (2014) defined riot as “a form of the civil disorder often characterised by what
is thought of as disorganised groups lashing out in a sudden and intense rash of
violence against authority, property or people”. This has frequently occurred in
different parts of the world. One example of a riot occurred in 1992 in Los Angeles
that resulted in 52 people dead and 2500 injured as well as at least $446 million
property damaged (DiPasquale and Glaeser, 1996). Riots are often aggressive
and violent, they usually start peacefully and then transform into a violent mob
(O’Connell, 2009). Once they start, it is likely impossible to control them (Torrens
and McDaniel, 2012). In large space buildings, riots in a crowd are normally
caused by the interaction between safety/security staff and users, or between the
users.
The items for the PRR variable could, therefore, be summarised as users
aggression towards authority; safety/security staff acting aggressively towards
users; and users acting aggressively towards each other. This study will test the
effect of the perceived risk of the riot on perceived safety and user behaviour
directly and indirectly in the Holy Mosque during the Hajj. Therefore, the following
hypotheses have been formulated:
H6a: Perceived risk of the riot has a significant direct influence on perceived
safety.
H6b: Perceived safety mediates the relationship between perceived risk of riot
and user behaviour.
3.3.7 Perceived Risk of Structural Failure (PRSF)
The failure of any temporary or permanent structure in a crowded venue
can have an overwhelming effect (Goldblatt, 1996). Dickie (1995) indicated that
structural failure or power cuts or failure of hard services such as ventilation and
air-conditioning is not uncommon. In many buildings and events across the world,
insufficient design, poor construction, inadequate codes of practice and
overloading have all caused significant failures (Petroski, 1992). According to the
National Disaster Management Authority of India (NDMA) (2014), structural
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failures have also been cited as a reason for crowd disasters on numerous
occasions.
The indicators or items for PRSF could, therefore, be identified as a failure
of the ventilation system; power cuts; fall or collapse of parts of the structure; an
overload of installed facilities. This study will test the effect of perceived risk of
structural failure on perceived safety and user behaviour directly and indirectly in
the Holy Mosque during the Hajj. Therefore, the following hypotheses have been
formulated:
H7a: Perceived risk of structural failure has a significant direct influence on
perceived safety.
H7b: Perceived safety mediates the relationship between perceived risk of
structural failure and user behaviour.
3.3.8 Perceived Risk of Terrorist Attack (PRTA)
In recent decades, terrorism has been increasing worldwide. Most studies
on terrorism have lacked theoretical and empirical analysis (Lum et al., 2006;
Silke, 2001). Furthermore, accepted definitions of terrorism are unclear, but
several elements are shared in common. These common elements refer to the
violence or threat of actions that result in fatalities and serious injuries. Although
many terrorist attacks seem irrational, these are always well planned and
executed. According to the current definition of the U.S. Department of Defense
(US DoD, 2015): terrorism is “the unlawful use of violence or threat of violence,
often motivated by religious, political, or other ideological beliefs, to instil fear and
coerce governments or societies in pursuit of goals that are usually political.” A
further definition is given by Tilly (2004), who described terror as “political strategy”
which is the “asymmetrical deployment of threats and violence against enemies
using means that fall outside the forms of political struggle routinely operating
within some current regime”. The Oxford English Dictionary defines terror as ‘the
state of being terrified or greatly frightened; intense fear, fright or dread’.
Nowadays, terrorism has become one of the main risk dimensions which requires
comprehensive safety management. It is a veritable threat which targets public
venues particularly, crowded places including concert halls, sports and religious
events. Many terrorist attack incidents occured in different parts of the world in
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crowded large space buildings such as World trade centre towers (2001, 2996
killed), Manchester Arena bombing (2017, 23 deaths).
Normally, in a large space building, the users perception of safety with
regard to a terrorist attack happening could be influenced by the placement of
security personnel that are visible to the crowd. As the user enters the building
and experiences a robust security check, the perception of safety inside the venue
could be enhanced. Similarly, perception could be influenced by the degree of
confidence the user has on the modern systems of security used at the venue.
The items or indicators of PRTA are summarised as poor security checks
at entrances; absence of security at courtyards; absence of security in activity
areas; and poor use of modern security systems. This study will test the effect of
perceived risk of terrorist attack on perceived safety and user behaviour directly
and indirectly in the Holy Mosque during the Hajj. Therefore, the following
hypotheses have been formulated:
H8a: Perceived risk of terrorist attack has a significant direct influence on
perceived safety.
H8b: Perceived safety mediates the relationship between perceived risk of
terrorist attack and user behaviour.
3.3.9 Perceived Risk of Explosion (fire/chemical) (PRE)
The International Labour Office (ILO) (1988) defined major accident as “an
occurrence such as a major emission, fire or explosion resulting from uncontrolled
developments in the course of an industrial activity, leading to a serious danger to
man, immediate or delayed, inside or outside the establishment, and to the
environment, and involving one or more dangerous substances”. According to
Shaluf (2008) fire and explosion are major accidents which are classified as a
technological disaster. Many technological disasters have occurred around the
world, such as the fire that swept through a tent in Mina, Makkah during Hajj in
1997; the Gothenburg, Sweden, Disco in 1998; the Rhode Island Rock concert in
2003 (Still, 2016). Sime (1999) reviewed a number of disaster cases with respect
to fire and behaviour of the people within the fire situation. These disasters
included the Beverly Hills Supper Club in 1977; Summerland Woolworth's in 1937;
Bradford King's Cross in 1985 (David V. Canter, Miriam Comber, 1989; Richard
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L. Best, 1978; Sime, 1995). In the cases studied, it is the fire that made people
panic in response to save their lives, and it has been established that it is the panic
that resulted in the fatalities experienced. For example, due to the behaviour of
the people who panicked at the Beverly Hills Supper Club event in Kentucky, the
USA in 1977, 300 people were stampeded. In a large space building, fire or
explosion can create panic, and its occurrence could influence the users
perception of safety. In some instances, the visible provision of safety systems
that could be used to control the effect of the explosion or fire could improve safety
perception.
The items or indicators to PRE are, therefore: explosion or fire due to
electrical cables; explosion or fire due to an overload of services; poor firefighting
systems. This study will test the effect of perceived risk of explosion on perceived
safety and user behaviour directly and indirectly in the Holy Mosque during the
Hajj. Therefore, the following hypotheses have been formulated:
H9a: Perceived risk of the explosion has a significant direct influence on
perceived safety.
H9b: Perceived safety mediates the relationship between perceived risk of
explosion and user behaviour.
3.3.10 Perceived Risk of Natural Disaster (PRND)
Natural disasters are catastrophic events which occur due to natural forces
and are not controllable by mankind. Examples include flood, climate change (heat
waves or cold waves), strong wind, volcanic eruptions, tornados, earthquakes,
etc. (Shaluf and Ahmadun, 2006). In the last few decades, natural disasters have
increased worldwide, particularly in the developing countries. According to Riebau
and Qu (2005) natural disasters present a serious risk and result in heavy loss of
life and property damage. They pointed out that “floods are among the greatest
natural disasters known to mankind”. Based on Shaluf (2007) Asia and the Pacific
are the regions most exposed to natural disasters. Shaluf and Ahmadun (2006)
showed that most natural disasters result from heavy rains. Another natural
disaster threat comes from climate change. Several studies have shown the
significant association between climate change (e.g. high temperature) and
mortality (Dear and Wang, 2015; Patz et al., 2000). Based on the
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Intergovernmental Panel on Climate Change7 report in 2014, the increase of heat
and decrease of cold due to climate change will result in an increase of mortality
in some parts of the world (Dear and Wang, 2015). For example, in the summer
of 2003, it was reported that 70,000 Europeans died due to heat waves (Robine
et al., 2008). It is expected that the intensity of heat waves and the average of
global temperatures will be increased as a result of climate change (The Regional
Office for Europe of the World Health Organization, 2011). Numerous studies have
discovered that exposure to heat waves may cause cramps, fluid loss, fainting,
heat exhaustion, dehydration, heat stress, heat stroke and ultimately mortality
(Kalkstein and Greene, 1997; Lowe et al., 2011; The Regional Office for Europe
of the World Health Organization, 2011). Within a short time of exposure to high
temperatures, people get affected by the heat which resulted in fatalities (Diaz et
al., 2006). The elderly (aged 60 years or older), generally are more affected
particularly the women who suffer from chronic lung diseases (Lowe et al., 2011).
High temperatures are likely to affect people physically and psychologically. In
events held in large space buildings, natural disasters such as flood and volcanic
eruptions could be discarded, but heat/cold waves and rains are important.
Anderson (2001) underlined that hot temperatures could increase aggressive
behaviour by directly increasing feelings of hostility and indirectly increase
aggressive thoughts. This could be worse within large gathering events including
sport, religious and political events.
It is therefore identified that the items or indicators for PRND are:
sunstrokes; lack of shading; high temperatures; heat exhaustion; and lack of good
drainage and slippery surfaces. This study will test the effect of the perceived risk
of a natural disaster on perceived safety and user behaviour directly and indirectly
in the Holy Mosque during the Hajj. Therefore, the following hypotheses have
been formulated:
H10a: Perceived risk of natural disaster has a significant direct influence on
perceived safety.
H10b: Perceived safety mediates the relationship between perceived risk of
natural disaster and user behaviour.
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3.3.11 Perceived Safety (PS)
Perceived safety refers to the feeling (or perception) of an unsafe situation
that exists during an event. Feeling unsafe during an event can drive people to
panic from real or perceived risk through acting unusually such as pushing and
shoving (Challenger et al., 2009a). Studies in urban design have identified several
factors that may have an influence on perceived safety including characteristics
of the environment, the physical condition, and the configuration of spaces (Mehta,
2013). Crowd studies have found that the perceived crowding, which is defined by
Kim et al. (2016) as “the psychological counterpart to population density”, is
closely tied to perceived safety (Dawson and Watson, 2000; Graefe et al., 1984).
Other researchers such as Tseng et al. (2009) have stated that there is a negative
correlation between perceived safety and perceptions of crowding, i.e. people’s
sense of safety declines to the level of perceiving the risk of fatality as perceptions
of crowding increase. Heavy crowding may raise the user’s perception of risk of
trampling or stampede. Similarly, where the physical condition of the facility is of
low quality, this will raise the risk of falls, slips, and trips that can affect the user’s
perception of safety. Again, someone new to an environment may find it safe
because they may not be familiar with specific cues of the context. Another
condition is the users awareness, or experience of any structural or mechanical
or electrical damage to existing facilities or the potentiality of occurrence of such
damage may raise the perception of risk of facilities failure or damage.
From this literature review, it could be concluded that the items or indicators
for the PS variable should include: perceived risk of fatalities; perceived risk of
failure of structure or artificial services; perceived risk of falls, slips and trips;
perceived risk of trampling or stampede; the feeling of unsafe; overcrowding;
perceived risk of injuries; simply poor safety. This study will test the effect of
perceived safety on user behaviour directly in the Holy Mosque during the Hajj.
Therefore, the following hypothesis has been formulated:
H11: Perceived safety has a significant direct influence on user behaviour.
3.3.12 Users (Crowd) Behaviour (UB)
Raineri (2015) claimed that insufficient attention to the behaviour of the
people in crowded large space buildings is major factors in crowd disasters. Crowd
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behaviour refers to the way in which persons act or behave towards others. Le
Bon (1896) argued that the people among the crowd lose all feeling of selfresponsibility, and become subject to contagion. Le Bon believed that whoever of
the people be in the crowd, they can be transformed, changed from rational,
thoughtful individuals into irrational and extreme followers. In addition, “law of the
mental unity of crowds” crowd behaviour, people act as the collective mind which
is viewed as a type of disease that infects and spread from group to another and
then to the rest of the crowd. Floyd Allport rejected the idea of a group mind,
suggesting that the crowd is made up of individuals having similar behaviours and
the concept of mind could not be separated from an individual. Allport (1924)
stated that “the individual in the crowd behaves just as he would behave alone
only more so”. Berlonghi (1995) pointed out to the importance of understanding
the deindividuation, once people lose their self-awareness and abandon their
normal control, people become more controlled by the situation rather than the
self. Several studies have shown that a large crowd with high density can influence
the behaviour of the people (Oakes and North, 2008; Westover, 1981). Berlonghi
(1995) suggested important factors that can influence crowd behaviours that play
an important role in design, management and crowd control. These factors include
location and time of the event, size of the crowd, crowd mobility, demographics of
the crowd (e.g. age, gender), schedule of event activities, crowd movement
models, the geometry of the location, weather conditions and density of crowd in
different areas. Some of the researchers believe that crowd causes stress and
anxiety that may lead people to lose their control and their abilities will decline
significantly (Hoseini et al., 2011; Taylor et al., 1990). At some events, the crowd
can turn into a mob and become aggressive. “The aggressive behaviour may be
in response to such strictures or emotional triggers such as elation, fear, or anger,
and may be exaggerated by impairments such as drug or alcohol intoxication and
lack of accurate information. Aggressive behaviour may also result from physical
discomfort due to environmental conditions such as heat, cold, noise, etc., and
may become more likely if others are displaying aggressive behaviour and are
either rewarded or go unpunished” (Silvers, 2008). Psychological experiments
have shown that when people get a high level of arousal, responsibility is diffused,
people may act irrationally and not be able to control their own behaviour
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(Berlonghi, 1995). Those people may start throwing objects, screaming and
pushing people while some may turn into mobs carrying out theft, vandalism,
rioting, group violence leading to a potential crowd disaster (Myers, 1990).
Based on the above literature review, the items or indicators of the UB
variable include: bad behaviour (abnormal actions such as people move in
opposite direction, sitting on the way), lose self-control, cognitive anxiety, stress
due to other external factors, and deliberate, aggressive action.
3.4

Variances in the Perception of Safety and the Behaviour
Since the demographic factors such as: age, education level and marital

status etc. have an effect on the sense of safety (Türkseven Doğrusoy and
Zengel, 2017), it is necessary to study the differences in the level of safety
perception of the users between these factors. Similarly, the culture of the users
who come from different parts of the world with different nationalities could play
an important role in the sense of safety. It has been emphasised that the cultural
analysis is imperative in the management of public safety (Frosdick, 1999; Khir,
2014). Again, someone new to an environment may find it safe because they may
not be familiar with specific cues of the context. Wildavsky and Dake (1990) have
claimed that the more familiar the event to the users, the less risk is perceived.
Whilst, Warr (1990) showed that the people who are familiar with the
environmental settings feel safer while novel environment places may generate
fear.
Being the most critical demographic factors, it would be useful to compare
the differences in the level of safety perception and in the behaviour in crowded
large space buildings between culture (Nationalities: Muttawiffy groups, See
Appendix D), levels of education, have a different experience (familiarity and nonfamiliarity), and attendance Mode (Individually, Family, Group). Therefore,
several hypotheses have been formulated to test some variances and prove or
disprove such arguments:
Ha1: There is a significant difference in the perception of safety between culture
(Nationalities: Muttawiffy groups) in crowded large space buildings.
Ha2: There a significant difference in the behaviour between culture
(Nationalities: Muttawiffy groups) in crowded large space buildings.
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Hb1: There is a significant difference in the perceived safety among levels of
education in crowded large space buildings.
Hc1: There is a significant difference in the level of perception of safety between
familiarity and non-familiarity to the environment in crowded large space buildings.
Hc2: There is a significant difference in the behaviour of the users between
familiarity and non-familiarity to the environment in crowded large space buildings.
Hd1: There is a significant difference in the level of perception of safety between
the attendance Mode (Individually, Family, Group) in crowded large space
buildings.
Hd2: There is a significant difference in the behaviour of the users between the
attendance Mode (Individually, Family, Group) in crowded large space buildings.
3.5

Conclusion
This research adopts two theoretical frameworks of FIST model (Force,

Information, Space and Time) and six dimensions of crowd disasters (Stampede,
Riot, Structural and mechanical disaster or collapse, Terrorist attacks, Explosion
(fire, chemical) and Natural disaster (Floods, Climate change: heat or cold
waves). A conceptual Subjective Crowd Safety Model (SCSM) is proposed to
understand the interactions between critical risk factors, perceived safety and
user behaviour. Initially, the study investigates how the 10 critical risk factors
directly influence perceived safety as it affects user behaviour. The second
approach investigates how the 10 safety factors indirectly influence user
behaviour. In each of the two approaches, the conceptual framework SCSM
includes 10 independents variables (perceived force, poor information,
insufficient space, poor time management, possibility of stampede, possibility of
riot, possibility of structural and mechanical disaster, possibility of terrorist
attacks, possibility of explosion, possibility of natural disasters) and 1 mediating
variable (perceived safety) and 1 dependent variable (user behaviour).
It is concluded that up to now, there have been no studies that have
examined the relationship between the perceived safety and user behaviour
(pilgrim) in a large space building (Holy Mosque) in order to enhance the
management of crowd safety and to minimise the likelihood of crowd disasters.
The integration of psychology and engineering is essential. Furthermore, there is
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no

evidence

that

the

key

factors

(physical,

technological,

personal,

environmental, psychological etc.) at the Holy Mosque and user behaviour (by
pilgrims) are associated with the crowd disaster (safety). There is an absence of
empirical evidence that investigates the factors that have an impact on user
behaviour ultimately crowd disasters. Based on American and British design
standards, it has been found that the crowd in the Holy Mosque is risky and it falls
into “level of services F”. Therefore, this study is significant in purpose to minimise
the likelihood of any risk or crowd disaster in the future and make the Hajj safer
for the pilgrims at the Holy Mosque. Understanding these factors and the
relationship between perceived safety and user behaviour will help Hajj
Authorities and facilities manager to manage the crowd safety. The main
emphasis of this study is to bridge the gap in literature to establish the relationship
between the perceived safety and user behaviour in crowded large space
buildings. Furthermore, it attempts to develop a comprehensive conceptual
framework that explains the significance of each factor.
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Chapter 4 Research Methodology
4.1

Introduction
The aim of this chapter is to establish the research methodology that is

most appropriate to achieve the primary aim of the study. It details the research
design and the process of executing the research project. It starts, in Section 4.2,
by describing the research philosophy and reveals the potential research
approaches that could be used. Section 4.3 discusses the four research
paradigms and identifies the most suitable paradigm for this research. Section
4.4 discusses the three research approaches (quantitative, qualitative and mixed
method) and identifies the most suitable research strategy for this study. Section
4.5 discusses the various approaches that could be used to collect the primary
data required for achieving the stated aim and objectives (observation, interviews
and the questionnaire) and justified the selection of the most suitable approach
used. Section 4.6 describes the sampling method, and Section 4.7 discusses the
techniques used for analysing the data collected. It explains the Structural
equation modelling (SEM) and how the model fit can be determined. Section 4.9
focuses on the quality test of the research including the reliability and validity
checks.
4.2

Research Philosophy
Creswell (2003) shows three elements of inquiry; the knowledge claims,

strategies and methods. The researcher begins a project with a knowledge claim
and certain assumptions about how and what they will learn during the research
inquiry. These claims are called paradigms (Lincoln and Guba, 2000; Mertens,
1998); philosophical assumptions, epistemologies (Crotty, 1998); or research
methodologies (Neuman, 2000). Philosophically, the researchers make claims
about knowledge, what the knowledge is (ontology), how we know it
(epistemology), what the values of it are (axiology), and the process for studying
it (methodology) (Creswell, 1994). In social science research, the basic beliefs of
five alternative inquiry paradigms were provided by Lincoln and Guba (2000),
namely:

positivism,

post-positivism,

critical

theory,

constructivism,

and

participatory paradigms. According to Creswell (2003), each of these paradigms
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can be presented with reference to ontology (nature of reality), epistemology (how
we know what we know), and methodology (the process of research. Creswell
(2014b) also highlighted three key components in order to conduct research
which involves the interaction of philosophy, research design, and specific
method as seen in Figure 4.1.

Figure 4.1 A Frame for Research – The interaction of Worldviews, Design, and Research Methods
Source: (Creswell, 2014)

Ontology (Internal realism):
Ontology is concerned with the nature of existence (or reality). It deals with
questions about the way the world operates (Saunders et al., 2009). Ontological
questions deal with the fundamental nature of reality for instance if a “real” world
is assumed, then what is known about it and how real are things and how do they
really work? Other questions which are concerned with aesthetic or moral
significance, fall outside of the realm of scientific inquiry (Guba and Lincoln,
1994).

Epistemology (Positivism):
Epistemology is concerned with the theory of knowledge (Saunders et al.,
2009). The epistemological question concerns the nature of the relationship
between the knower and what can be known (Guba and Lincoln, 1994). The
researcher who considers data on resources needed is likely to be more akin to
the position of the natural scientist. This may be the position of the operations
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management specialist who is comfortable with the collection and analysis of
‘facts’. For that researcher, the reality is represented by objects that are
considered to be ‘real’, such as computers, trucks and machines (Saunders et
al., 2009).

Methodology:
According to (Guba and Lincoln, 1994), the methodological question is
“how can the researcher find out or reach to the knowledge that he or she believes
to be known”.
4.3

The Research Paradigms
“A research paradigm is a philosophical framework that guides how

scientific research should be conducted, based on people’s philosophies and
their assumptions about the world and the nature of knowledge” (Collis and
Hussey, 2009). Guba and Lincoln (1994) argued that research paradigms could
be viewed as “a basic set of beliefs” which deals with the ultimate or first
principles. It is based on ontological, epistemological, and methodological
assumptions. The term paradigms was used by Lincoln et al. (2011) and by
Mertens (2010) and also is known as worldview by (Creswell, 2014b); epistemologies and ontologies (Crotty, 1998) or broadly conceived research methodologies
(Neuman, 2013). Creswell (2014) summarised four types of research paradigms
(worldview)

include

postpositivism,

constructivism,

pragmatism, as shown in Figure 4.2.

Figure 4.2 Four Research Worldviews (Paradigms) (Creswell, 2014b)
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transformative

and

4.3.1

Postpositivism
Postpositivist assumptions are more related to quantitative research than

qualitative research and have represented the traditional form of research. This
paradigm type is also referred to as the scientific method, doing science research,
positivist/postpositivist research, empirical science, or postpositivism. Studying
the actions of human and human behaviour cannot be positive about the claims
of knowledge (Creswell, 2014b). Postpositivists believe that objectivity and
generalizability are important. However, they suggest that the researchers modify
the claims in order understanding the truth based on probability, rather than
certainty (Mertens, 2010). Positivism seeks to solve key practical issues, explores
accurate causal relationships using statistical analysis, and searches for law-like
generalisations (Candy, 1991; Crotty, 1998; Kim, 2003).
4.3.2 Constructivism
Constructivism or social constructivism (which is associated with
interpretivism) is an approach to qualitative research (Creswell, 2014b). “The
constructive paradigm views the truth as subjective rather than objective” (Goh,
2008). Social constructivists believe that Individuals seek to understand the world
and how they live and work. Subjective meanings of the Individual’s experiences
are developed, and the meanings are directed toward certain objects or things.
Usually, the meanings are multiple and different which leads the researchers to
look for the complexity of views instead of narrowing the meanings into a few
ideas or categories. The goal of the research depends on the participants views
of the situation being studied. Usually, it is interaction and discussion with other
persons, and the questions often are broad and general so the participants can
construct the meaning of a situation. The questions are open-ended, so the
participants can say more about the life settings that help the researcher. Often
these subjective meanings are addressed socially and historically. It is concluded
that constructivist researchers focus on the processes of interaction among
individuals and specific contexts of people living or working in an effort to
understand the cultural and historical situations of the participants (Creswell,
2014b). “Constructivists do not believe an objective truth exists and deny the
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existence of one correct interpretation against which all research findings must
be measured” (Candy, 1991).
4.3.3

Transformative
The transformative research appeared during the 1980s and 1990s when

individuals felt that the postpositivist assumptions imposed theories which did not
fit the issues of power and social justice, discrimination, and oppression that
needed to be studied.

A transformative paradigm holds that the inquiry of

research addresses the societal issues related to the politics and a political
change agenda to confront social oppression. Therefore, the research may
change participants’ lives by containing an action agenda for reform. Also, other
important issues can be addressed such as empowerment, inequality,
oppression, domination, suppression, and alienation. Often the researchers focus
is on one of these issues as the main goal of their study (Creswell, 2014b).
4.3.4 Pragmatism
Pragmatism is another research paradigm which was discussed by Peirce,
James, Mead, and Dewey (Cherryholmes, 1992). Pragmatist researchers
address problems that people face in finding out ‘what works’. It has been argued
that quantitative and qualitative approaches are compatible, and often a mixed
method is involved in good research design (Howe, 1988). Using qualitative or
quantitative methods (or both) relies on the goals, questions of the study and the
current phase of the research cycle whether using inductive or deductive
reasoning (Saunders et al., 2009). Rossman and Wilson (1985) argued that the
problem is the most important thing, not the methods and that researchers can
use all the possible approaches to understand the problem. Pragmatist
researchers argue that in good research design the quantitative and qualitative
approaches are compatible and mixed method should be involved to address the
problem.
4.4

Research Approaches and Research Design (Strategy)
Research approaches are research strategies and the procedures that

determine the steps, from the assumptions, through the methods of data
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collection, the analysis, to the interpretation of results (Creswell, 2014b). As
shown in Figure 4.3, there are three classifications, and each is discussed in the
following sub-sections.

Figure 4.3 Alternative Research Design Source (Creswell, 2014b)

4.4.1 Quantitative Research Approach
Quantitative research is a scientific method and an approach to thinking
about the world. It uses deductive reasoning (testing theories and hypothesis)
which means a logical process of developing a conceptual and theoretical
structure to be then tested by the empirical study (Watson, 2015). Often
quantitative researchers develop hypotheses and then test them empirically to
see if they are accepted or rejected (Antwi and Hamza, 2015). Creswell (2014)
emphasised that using quantitative research allows the researcher to examine
the relationship between two or more variables in order to test objective theories.
A variable (e.g. height, weight, safety, attitude or behaviour) is anything that can
be measured by one of the scale types in quantitative research. These variables
can be measured using different types of scale (nominal, ordinal, interval, ratio),
so that numbered data can be analysed by using statistical procedures. There
are two main types of variables; independent and dependent. An independent
variable can have an effect on the dependent variable. According to Creswell
(2014), the two strategies of inquiry associated with quantitative research are
experimental designs and non-experimental design (such as surveys). The
survey is a popular strategy which is usually used for exploratory and descriptive
research and to answer the research questions: who, what, where, how much
and how many (Saunders et al., 2009). Three different methodologies can be
taken for a sample survey: sampling, designing questions, and data collection
(Fowler, 2013). The survey can be conducted in three different ways including
mail, telephone, and personal interview (Marshall and Rossman, 2006).
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4.4.2 Qualitative Research Approach
Qualitative research is a descriptive approach that allows the researchers
to explore and understand the meaning of individuals or groups for a social or
human problem (Creswell, 2014b). “Qualitative research is based on
interpretivism, the philosophical concept that there is not just one truth but
multiple truths or realities” (Higgins and Green, 2008). It is a method of scientific
inquiry for exploring people’s experience in personal and social contexts, and to
understand the factors that could affect these experiences (Gelling, 2015). Often
qualitative questions seek to explore and understand the meaning of the context
and the questions start with words such as ‘what’ or ‘how’. ‘describe’, ‘explore’
and ‘discover’ (Gelling, 2015). There are five strategies of inquiry associated with
qualitative research identified by Creswell (2014) including narrative research,
phenomenology, grounded theory, ethnographies and case study.
4.4.3 Mixed Method Research Approach
Mixed methods research is an approach that uses both quantitative and
qualitative approaches in the same study. This would be helpful in developing
rich insights into the several phenomena of interest that cannot be fully
understood and explored using only one method (Venkatesh et al., 2013).
Creswell (2014) claimed that the mixed method approach could provide a better
understanding of a research problem rather than using only one approach.
Collecting, processing and analysing quantitative data and qualitative data can
be carried out either at the same time (in parallel) or one after the other
(sequentially) but, they cannot be combined. When using a mixed method
approach in the same research inquiry, quantitative data is still analysed
quantitatively, and qualitative data is still analysed qualitatively (Saunders et al.,
2009). “Quantitative research is explanatory and deductive with numerical data
being collected to test a theory, whereas qualitative research is exploratory and
inductive, with narrative data being collected to generate themes that may be
used to develop a theory” (Sim and Wright, 2000). Creswell (2014) identified six
strategies of inquiry associated with mixed method research include convergent
parallel,

explanatory

sequential,

exploratory

embedded and multiphase.
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sequential,

transformative,

4.5

Methods of Data Collection and Data Analysis
Two main approaches have been identified for gathering information about

a problem, situation, person or phenomenon (Kumar, 2010). These approaches
are categorised as primary and secondary data collection. Primary data refers to
the data that is collected and analysed for the first time. Whereas secondary data
is the data that has already been collected and analysed by somebody else
(Kothari, 2004; Kumar, 2010). Several methods can be used for collecting primary
data include observation, interview, and questionnaire. Kumar (2010) argued that
choosing the method depends upon the purpose of the study and the availability
of the sources. Secondary data could either be published or unpublished data.
The examples of published data are government publications, journals, books,
magazines and newspapers, reports prepared by research scholars, universities,
economists, etc. (Kothari, 2004). The source of unpublished data can be found in
diaries, letters, unpublished biographies and autobiographies.
4.5.1 Interview
This section reviews the concept and types of the interview as a method
used for collecting primary data. Interviews are often used to generate and collect
data and information from individuals. The interview involves an interviewer
reading questions to respondents (interviewees) and recording their answers in
a variety of ways (audio recording, writing verbatim, writing shorthand/mindmaps, etc.). According to Burns (1994), the interview is defined as “a verbal
interchange, often face to face, though the telephone may be used, in which an
interviewer tries to elicit information, beliefs or opinions from another person".
(Collis and Hussey, 2014) pointed out that the researcher selects and interviews
the participants (the interviewees) to find out what they feel, think, behave, say
or do. It has been shown that any interaction between two or more individuals,
either face to face or any other way, with a specific purpose, is considered an
interview (Kumar, 2010). In addition, the researcher can conduct an interview with
individuals or engage in focus groups (usually with six to eight interviews in each
group) by face-to-face, telephone or video (Collis and Hussey, 2014; Creswell,
2014b).
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There are three types of Interviews categorised as (1) structured
interviews, (2) semi-structured interviews, (3) unstructured interviews (Saunders
et al., 2009).
(1) Structured interviews are based on questions or an interview schedule
(written list of questions, open-ended or closed) which are predetermined
and ‘standardised’. These are known as interviewer-administered
questionnaires (Collis and Hussey, 2014; Saunders et al., 2009). The
questions can be formulated as either closed questions (which have set of
predetermined answers) or open questions (which allow the participants
to answer in his or her own words) (Collis and Hussey, 2009). There are
standardised techniques for recording responses. Thus, the interviewer in
a structured interview follows a rigid procedure laid down, asking
questions in a form and order prescribed (Daniel and Sam, 2011).
(2) Semi-Structured interviews are those in which a list of questions and
themes are prepared to be covered, and the researcher can use different
questions from interview to interview; some questions can be skipped in
particular interviews depending on the context of the discussion. Also, the
researcher can change the order of the questions depending on the flow
of the conversation. In Semi-Structured interviews, additional questions
may be added by the interviewer in order to obtain more information and
better understanding about a particular answer or to explore new relevant
issues in which arise from a particular answer (Collis and Hussey, 2014).
“The nature of the questions and the ensuing discussion mean that data
will be recorded by audio-recording the conversation or perhaps note
taking” (Saunders et al., 2009).
(3) Unstructured interviews are when the researcher needs to have an indepth interview to explore more detailed information about a problem,
person or phenomenon. Unstructured interviews do not involve a
predetermined set of questions, so the researcher can gain a clear idea
about the phenomenon that needs to be explored. The interviewee has
the opportunity to talk freely about the topic being explored. Sometimes,
the type of this interaction is called ‘non-directive’ (Saunders et al., 2009).
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4.5.2 Observation
Observation is another method for collecting the primary data which is
considered a systematic and selective method of observing or watching and
listening to the certain phenomenon where it takes place (Kumar, 2010). The
observation needs to have systematic methods of recording and noting of events,
behaviours and artefacts (objects in the laboratory) where the study is being
carried out. Observational records often refer to the notes taken in the field and
the descriptions of what has been observed. The observation is an essential and
highly important method for qualitative study (Marshall and Rossman, 2006). Two
types of observation have been identified: (1) participant observation and (2) nonparticipant observation.
(1) Participant observation is when the researcher participates as a member
of the group being observed (with or without their knowledge).
(2) Non-participant observation is when the researcher, does not
participate in the group activities being observed but remain a passive
observer, the researcher can be observing what people do and listening
to what people say without being involved (Kumar, 2010).
4.5.3 Questionnaire
A questionnaire is a technique that is also used for collecting primary data.
A questionnaire is a set of questions that could be open-ended or closed-ended
or both. In a questionnaire, the respondents read the instruction and the
questions, interpret what is expected and then chose one of the lists or write down
the answer (Kumar, 2010). According to (Marshall and Rossman, 2006), the
questionnaire is administered by the researcher to some population samples “to
learn about the distribution of characteristics, attitudes, or beliefs”. It can be
administered into two different ways: self-administered questionnaire and group
administered the questionnaire. Self-administered questionnaires are usually
completed by the respondents. This type of questionnaire can be administered
electronically using the internet, phone or intranet, sending the questionnaires
through postal or email to the respondents who send them back later after
completion. Alternatively, they can be delivered by hand to each respondent and
collected later (Saunders et al., 2009). This method has shortcomings as the
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respondents often don’t return the questionnaire. Also, the respondents may face
unclear or vague questions, and the researcher is not available to clarify them.
Lastly, the researcher does not have an idea of how the respondents answered
the questions. On the other hand, the group administered questionnaire “is
administered to the groups of individuals all at one time and place …” (ibid). This
method is preferred to administer the questionnaire than the self-administered
one. Because of the high rate of returning, the researcher can clarify to the
respondents if any misunderstanding arises and the researcher has an idea how
the questionnaires were answered and filled out (Zohrabi, 2013).
4.5.3.1 Pilot Study
According to Saunders et al. (2009), the pilot test is “to refine the
questionnaire so that respondents will have no problems in answering the
questions and there will be no problems in recording the data”. In addition, it is to
evaluate the validity and reliability of the questions and instructions. The aim of
this pilot study was to:
•

Check the clarity of instructions and the items of the questionnaire

•

Check the time taken to complete the questionnaire

•

Check whether the questions are clear, easy, difficult or complex

•

Gain any other useful comments

4.6

Sampling
Kothari (2004) stressed that determining an accurate sample size is

always a major problem that faces the researcher. It should not be too large or
too small; it should simply be optimum. Cohen et al. (2007) have shown that there
is no clear-cut answer in determining the correct sample size, but it depends on
the purpose of the study (Cohen et al., 2007). While deciding the sample size,
several important elements need to be considered (Saunders et al., 2009):
•

The confidence level that the researcher needs to have in his/her data

•

The margin of error that can be tolerated

•

The analysis test that will be undertaken which may require a minimum
threshold of data cases

•

The total population size from which the sample is being drawn
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4.6.1 Sample Approaches
The quality of research should consider the suitability of the sampling
strategy that has been chosen not depending only on the methodology and
instrumentation (Cohen et al., 2007). Sample selection in the quantitative and
qualitative study has two opposing philosophies. In quantitative research, the way
of selecting a sample must be unbiased and represents the selected population.
In qualitative research, some elements may influence the sample selection such
as experience and knowledge of the participants about the subject, the ease in
accessing the potential participants (Kumar, 2010). Sampling is a process of
selecting a few samples from the population being studied to become the basis
for estimating and understanding the unknown piece of information, situation or
the outcome regarding the population (Kumar, 2010).
There are two major categories of sampling: (1) probability sampling and
(2) non-probability sampling.
(1) Probability sampling method in which the selection probability of
population elements (a single member of the population) is known, this
method often depends on the chance or random.
(2) Nonprobability sampling method in which the selection probability of
population elements is unknown (Schutt, 2006).
Since the population elements (pilgrims) is known, the probability sampling
method has been selected for this study. Therefore, a probability sampling
method needs to be reviewed discussing its four approaches in order to select
the appropriate method. The four approaches of probability sampling method are
(1) simple random sampling, (2) stratified sampling, (3) systematic random
sampling and (4) cluster sampling.
(1) Simple random sampling is one of probability sampling methods which
gives each unit of the population an equal chance to be selected (Daniel,
2011). For example, if the researcher needs to conduct a study for a
certain company, all the employees’ names must be taken and then
selected randomly. This means each one of the employees gets an equal
chance to be selected.
(2) Stratified random sampling is a probability sampling in which the
population firstly needs to be separated into homogenous segments
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(strata) according to a certain characteristic of the population, and then
from each segment (strata), a simple random sample can be selected.
These selected samples from the various segment (stratum) then will be
combined and arranged into a single sample (Daniel, 2011). This
approach uses the available information of the population (e.g. total
population, nationalities. Etc.) prior to selecting the sampling to make the
sampling more efficient (Schutt, 2006).
(3) Systematic random sampling is a variant of simple random sampling.
The first element is selected randomly from a list or sequential files, and
then every nth element is selected. This is a convenient method for
drawing a random sample when the population elements are arranged
sequentially. It is particularly effective when the elements are not actually
printed (i.e., there is no sampling frame) but instead is represented by
folders in filing cabinets.
(4) Cluster sampling is useful when a sampling frame of elements is not
available, as often is the case for large populations spread out across a
wide geographic area or among many different organisations. It is a
naturally occurring, mixed aggregate of elements of the population, with
each element appearing in one, and only one, cluster. Schools could serve
as clusters for sampling students, blocks could serve as clusters for
sampling city residents, counties could serve as clusters for sampling the
general population, and businesses could serve as clusters for sampling
employees.
4.7

Data Analysis
The questionnaire was employed as a method for collecting the

quantitative data. The data was analysed using Statistical Packages for the Social
Sciences (SPSS) for descriptive analysis, Kruskal Wallis, and Dunn’s post hoc
tests. Analysis of Moment Structure (AMOS) 22 was also used for Confirmatory
Factor Analysis (CFA) and Structural Equation Modelling (SEM).
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4.7.1 Descriptive Statistics
Descriptive statistics are used to organise and present the collected data
in the form of graphs and tables. It is likely the easiest technique of statistical
analysis to describe and interpret the data. It is the best strategy for providing a
summary of the data and describing the sample, but this statistics cannot provide
information for causal analysis (Choi, 2013). This study will present the collected
data from the pilgrims in the form of graphs and tables in order to show the
summary of data and to simplify large amounts of data in a sensible way.
4.7.2 Kruskal Wallis
The Kruskal-Wallis H test (sometimes also called the "one-way ANOVA on
ranks") is a rank-based nonparametric test that can be used to determine if there
are statistically significant differences between two or more groups of an
independent variable on a continuous or ordinal dependent variable. It is
considered the nonparametric alternative to the one-way ANOVA, and an
extension of the Mann-Whitney U test to allow the comparison of more than two
independent groups. Like one-way ANOVA, it is used to compare three or more
independent groups or samples. It is used in preference to ANOVA when the
dependent variable is ordinal or fails to approximate to the normal distribution.
This research will compare the differences in the level of perceived safety and
user behaviour between two or more groups.
4.7.3 Structural Equation Modelling (SEM)
The structural equation model (SEM) is a powerful multivariate tool that
allows the researcher to study the interrelationship between the latent and
observed variables. SEM is very popular in behavioural, attitude, educational,
psychological, and social research (Song and Lee, 2012). Latent variables
(construct) are those variables which cannot be directly observed or measured
such as behaviour, attitude, intelligence etc. In establishing a model to reflect
reality, assessing the interrelationships between latent and observed variables is
necessary. SEM is the most useful statistical method serving this purpose.
Observed variables are those variables that can be directly measured and
87

observed, such as, height, weight, heart rate, etc. However, in some sciences
research like medical, social and psychological, the researcher may encounter
latent variables which cannot be directly observed by a single observed variable
such as obesity, health condition and intelligence(Song and Lee, 2012). SEM
has two main components (1) the structural model and (2) measurement model.
The path model which links the independent to dependent variables is the
structural model. The measurement model makes the researcher use several
variables as indicators for a single independent or dependent variable (Hair et al.,
2010). Also, SEM has two different techniques which can be used for its running:
(1) Exploratory Factor Analysis (EFA) and (2) Confirmatory Factor Analysis
(CFA).
(1) Exploratory Factor Analysis (EFA) refers to the factors that are
determined from statistical results rather a theory. The structure of these
factors can be determined by running the software and underlying pattern
of the data. Therefore, EFA can be conducted when there are some factors
but not known or which variables belong with which constructs. Applying
EFA enables the researcher to determine how many factors are
appropriate and which variable load on a particular factor. The factors that
appear after the ultimate analysis can be named by the researcher. This
emphasises that EFA and Confirmatory Factor Analysis (CFA) are not the
same (Hair et al., 2010).
(2) Confirmatory

Factor

Analysis

(CFA)

is

different

from

EFA

philosophically but has similarity in some respects. With CFA, the
researcher determines the number of factors that exist, and which
variables belong to which factors or construct before the results can be
computed. This statistical technique does not specify variables to factors
instead the factors are determined by the researcher based on the theory
being tested prior to any results can be obtained. CFA is applied to test
the theoretical pattern of the variables loading on specific constructs and
to show how well the theoretical specification of the factors can match the
reality (the actual data). CFA enables the research to accept or reject the
theory that has been studied (Hair et al., 2010).
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This research has chosen SEM statistical technique for several purposes. First,
this research attempts to study the relationship between the perceived safety and
user behaviour in which encounter latent variables that cannot be measured
directly. Second due to SEM strength which the model is able to test the fit to the
data and at the same taking into account the measurement error (unreliability) for
each latent variable of the factor models being estimated (Choi, 2013). Hence,
SEM is the most useful statistical technique serving these purposes. Accordingly,
several factors have been determined in this study in order to test these factors
based on FIST and six dimensions and loci of crowd disaster models mentioned
earlier in chapter 3, thus CFA is, therefore, the suitable method for running SEM.
4.8

Evaluation of the SEM (Determining Model Fit)
This section explains how the model fits can be determined. (McDonald

and Ho, 2002) stated that the model fits for the sample data can be properly
determined through fit indices. These measures can provide an important
indication of how the adopted theory fits the data. In order to determine the model
fits, the following are usually evaluated: Chi-Squared test, Comparative fit index
(CFI), Standardised root mean square residual (SRMR), Root mean square error
of approximation (RMSEA), P of Close Fit (PClos) need to be computed (Hooper
et al., 2008).
4.8.1 Chi-square (CMIN)
Chi-Square (CMIN) value is used to evaluate the overall model fit.
Providing an insignificant result at 0.05 means that the model fit is good (Barrett,
2007), otherwise, the Chi-Square statistic is referred to lack of fit (Mulaik et al.,
1989) or badness of fit (Kline, 2011) measure. Also, it is recommended a chisquare/degree of freedom (CMIN/DF) range between 1 and 5 (Gaskin and Lim,
2016).
4.8.2 Comparative Fit Index (CFI)
The Comparative Fit Index (CFI) is a revised form of NFI that considers
the sample size effectively even is small (Tabachnick and Fidell, 2007). The
range value of CFI between 0.90 and 0.95 indicates a good fit. A cut-off criterion
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of 0.90 was initially advanced, but the current studies have claimed that the value
of CFI should be greater than 0.90 to ensure that mis-specified models are not
accepted. Based on this the cut-off value close to 0.95 for CFI indicates good fit
(Hu and Bentler, 1999).
4.8.3 Standardised Root Mean Square Residual (SRMR)
SRMR is the “square root of the difference between the residuals of the
sample covariance matrix and the hypothesised covariance model” (Hooper et
al., 2008). It was recommended that SRMR should be ≤ 0.08 for a good model
fit (Hu and Bentler, 1999). It was indicated that SRMR of 0 is considered perfect
fit, however, it becomes lower when there is a high number of parameters in the
model depending on the large sample size (Hooper et al., 2008).
4.8.4 Root Mean Square Error of Approximation (RMSEA)
RMSEA is the second model fit; it was developed by Steiger and Lind
(Hooper et al., 2008). The previous studies have shown different ranges of
RMSEA values an indication of the model fit. According to the study of Maccallum
et al. (1996), the values in the range of 0.05 to 0.08 indicate fair fit and the values
above 0.10 consider poor fit. While the values in the range of 0.08 to 0.10 is a
mediocre fit. Finally, it is agreed that a well-fitting model with RMSEA the lower
limit is near to 0 while the upper limit should be less than 0.08 (Hooper et al.,
2008).
4.8.5 p of Close Fit (PCLOSE)
This measure provides a one-sided test of the null hypothesis that the
RMSEA equals .05, which is what is called a close-fitting model (Kenny, 2015). If
PCLOSE is no greater than .05 means that RMSEA is greater than .05 indicating
that lack of a close fit (Arbuckle, 2013).
4.9

Quality Assurance of the Research
It has been emphasised that validity and reliability are essential criteria for

evaluating the quality and acceptability of research (Burns, 1999).
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4.9.1 Reliability Analysis
The reliability of the data and findings is one of the main requirements for
any research process. According to the (Nunan, 1992), the reliability refers to the
consistency and replicability of research. Nunan (1992) pointed out that the
consistency of the data collection, analysis and interpretation are referred to as
the internal reliability. While external reliability is a test in which researchers can
obtain similar results to what has been found in the study. Reliability refers to the
level to which data collection methods and analysis techniques will produce
consistent findings (Saunders et al., 2009).
In quantitative research, it is easy and straightforward to obtain similar
results because the data are in numerical form. However, in qualitative research,
similar results are difficult because the data are subjective and often in narrative
form (Zohrabi, 2013). Lincoln and Guba (1985) stated that rather than attempting
to achieve the same findings and results, it is better to think about the
dependability and consistency of the data. Therefore, the main purpose of this is
that the findings and results are consistent and dependable. (Creswell, 2014b;
Lincoln and Guba, 1985; Merriam, 1998), Saunders et al (2009) have suggested
that the dependability or trustworthiness of the results requires three techniques
in order to be ensured: (1) the investigator’s position, (2) triangulation and (3)
audit trial.
(1) The investigator’s position: Different procedures and stages of the
inquiry need to be explained clearly and explicitly by the investigator in
order to increase the reliability of the research. Therefore, the researcher
needs to explain each aspect of the study by detailing the subject, the
rationale of the study and the design of the study.
(2) Triangulation: Different data collection techniques should be used by the
researcher in one study, e.g. using questionnaires and interviews or
observations for the same purpose. Also, this information should be
collected from different sources (e.g. staff, visitors and owners) in order to
enhance the reliability of the data and the results. Through this process,
the replication of the study can be carried out fairly easily.
(3) In an audit trial: The researcher needs to show in detail how the data can
be collected and analysed, how different themes are generated and how
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the findings are obtained. This detailed information can be helpful for
replicating the research and contribute to the reliability of the research.
Testing for reliability, as it was outlined earlier, the reliability refers to consistency,
but also the questionnaire must be reliable in order to be valid. Internal
consistency correlates the participant’s responses to each item in the
questionnaire with other items in the same questionnaire. This means the
participants responses to one question are similar to their responses that made
to other questions. Different methods can calculate internal consistency, one of
the most popular methods is the Cronbach’s alpha (Saunders et al., 2009).
“Cronbach’s alpha is one form of reliability known as internal consistency”
(Connely, 2011). “When the measurements represent multiple questionnaire/test
items, which is the most common application, Cronbach’s alpha is referred to as
a measure of “internal consistency” reliability” (Bonett and Wright, 2014).
Cronbach’s alpha reliability is the most frequently used measurement for
reliability in the social and organisational sciences. “The alpha coefficient
measures how closely a set of items are related as a group” (Bonett and Wright,
2014).
The ranges of the alpha coefficient are between 0 to 1. It is considered
reliable when the alpha value is greater than 0.70, but it is acceptable at 0.60
(Churchill, 1979; Pallant, 2005). DeVellis (2003) claimed that although there are
lower reliability coefficients in some studies, researchers still use this lower scale
reliability.
4.9.2 Validity Analysis
Two types of validity tests have been identified: internal validity and
external validity. Internal validity “refers to the interpretability of research”. It
should focus on the factors that could directly affect the outcomes of the research.
While external validity is concerned with the generalisation of the research results
(Nunan, 1992). Burns (1999) stresses that “validity is an essential criterion for
evaluating the quality and acceptability of research.”
A. Content Validity
Content validity refers to the validity type which diverse elements, skills
and behaviour are measured effectively and adequately. To this, experts in the
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research field need to review the data and instruments. Based on the reviewers,
the questions which are unclear and obscure could be revised and the complex
items reworded. In addition, some questions can be discarded, including the
ineffective and non-functioning questions (Zohrabi, 2013).
B. Internal Validity
Internal validity is concerned with the research findings and how it can be
congruence with the reality. Six methods have been proposed by Merriam (1998),
and Creswell (2014) that can be applied by a researcher to improve the internal
validity: (1) triangulation, (2) member checks, (3) long-term observation at the
research site, (4) peer examination, (5) participatory or collaborative modes of
research, and (6) researcher’s bias.
(1) Triangulation: In order to improve the validity of the findings, the
investigator

needs

to

collect

the

data

from

several

sources:

questionnaires, interviews and observations. Gathering the data from one
source could be weak questionable and biased. However, using several
techniques for data collection can confirm and strengthen the findings.
Therefore, obtaining the same results from several methods, it confirms
that the data are valid.
(2) Member checks: The researcher can take the final reports or results or
themes back to the participants in order to be confirmed and validated.
The participants could check and feel whether these contents are
accurate. In this way, the credibility of the information is supported.
(3) Long-term observation: Long time observation and repeating it over an
extended period of time can confirm the validity of the research and
findings.
(4) Peer examination. In peer examination, nonparticipants in the field who
are familiar with the subject being studied and have enough knowledge
could review and make notes of the process and findings of the research.
(5) Participatory or collaborative modes of research: the researcher
needs to involve different participants with different knowledge and
experience. The purpose “is to arrive at evaluation conclusions as a result
of a consensus among persons from different perspectives in relation to
the program” (Lynch, 1995).
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(6) Researcher’s bias: it is unethical in which the researcher attempts to hide
some findings of the study or to highlight something disproportionately to
its true existence. The researcher should collect, analyse and interpret the
data fairly as possible and should be critical, faithful throughout the phases
of the research. The researcher should stick and follow the ethical rules
and report the findings honestly.
C. Utility Criterion
(Lynch, 1995) asserts that “Utility refers to the degree of usefulness the
evaluation findings have for administrators, managers and other stakeholders.”
The purpose of this criterion is to ensure whether or not the research works. Utility
criterion can be met when the evaluation process provides proper and ample
information for the stakeholders and decision makers (Zohrabi, 2013).
D. External Validity
External validity refers to the application of the findings of the research in
other settings or other subjects (Zohrabi, 2013). According to (Burns, 1999) “how
generalisable to the other contexts or subjects is our research.” This normally
relies on the similarities of the context of the research and subjects.
4.10 Conclusion
This chapter discussed the research methodology used in this study. It
described the basis of research philosophy providing information on the potential
research approaches. The four research paradigms (worldview) were discussed
including postpositivism, constructivism, transformative and pragmatism. The
research paradigm refers to a philosophical framework which guides how
scientific research should be conducted, based on people’s philosophies and
their assumptions about the world and the nature of knowledge. Postpositivist
assumptions are more related to quantitative research than qualitative research
unlike constructivism and transformative which are an approach to qualitative
research. The pragmatism assumptions are related to the mixed method
(quantitative and qualitative) in order to address the problem. It has been shown
that the postpositivism research paradigm is more appropriate for this research
in order to achieve the main aim of this study. Also, this chapter addressed the
research approaches of the quantitative, qualitative and mixed method and their
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strategies. Research approaches are research strategies and the procedures that
determine the steps from the assumptions to the methods of data collection,
analysis, and interpretation. This research employs a questionnaire as a method
for data collection. The questionnaire is used to compare the variances between
two or more groups and investigate the extent of the impact of perceived safety
on pilgrims’ behaviour. The sampling method and its types, as well as the
selected sampling, is described in this chapter. There are two major categories
of sampling: probability sampling and non-probability sampling. Probability
sampling is method in which the selection probability of population elements (a
single member of the population) is known, this method often depends on the
chance or random. Nonprobability sampling is method in which the selection
probability of population elements is unknown. Since the population elements
(pilgrims) is known, the probability sampling method has been selected for this
study. The techniques of analysing the data collection are also discussed.
Structural equation modelling (SEM) is the suitable analysis test for this study.
The structural equation model (SEM) is a powerful multivariate tool that allows
the researcher to study the interrelationship between the latent and observed
variables. The model fits can be the determined by Chi-Square value,
Comparative Fit Index (CFI), Standardised root mean square residual (SRMR),
Root mean square error of approximation (RMSEA) and Pclose. Finally, the last
section focused on important criteria for evaluating the quality and acceptability
of research including the reliability and validity.
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Chapter 5 Implementation of the Chosen Research
Methodology
5.1

Introduction
In collecting the primary data for this study, a quantitative method was

used to investigate the effectiveness of the perceived safety on the pilgrims
behaviour. This chapter intends to discuss the research methodology undertaken
for this study and provide a summary (brief overview) of the fieldwork carried out
to generate data during the Hajj. As summarised in Chapter 4 there are four types
of research paradigms; but the postpositivism research paradigm is more
appropriate for this research in order to achieve the main aim of this study. The
fieldwork included three main stages: planning and designing; preparation for the
fieldwork; and implementation and monitoring. The following are brief outlines of
these three phases. The preparation phase included establishing contact with the
Hajj Authorities, the second phase is identifying the necessary resources required
(manpower, tools etc.), and training; and the final phase is the implementation
and monitoring.
5.2

Planning and Designing
Each research requires appropriate planning pre-data collection to ensure

the quality of the data being collected. There are a variety of methods of data
collection including observation, interview, and questionnaire. The choice of an
appropriate method depends upon the purpose of the study and the availability
of the sources. Due to a large population and sampling size, and time constraint,
the questionnaire was chosen as the appropriate method to carry out this
research. The planning and designing phase involves developing the
questionnaire, conducting the pilot study, designing and choosing the sampling,
and obtaining the ethical approval.
5.2.1 Developing the Questionnaire
For this study, the primary data was obtained using a group-administered
questionnaire. As highlighted earlier in Chapter 4, the group administered
questionnaire is chosen instead of the self-administered approach because of the
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following: the respondents (pilgrims from all over world) have limited time at
Makkah; there is the need to achieve a high rate of return to meet the unit sampling
targets; the respondents speak different languages and thus may seek
clarification if any misunderstanding arises.
The questionnaire was developed based on the previous studies and
adopted models being tested in this study (Alnabulsi and Drury, 2014; Berlonghi,
1995; Challenger et al., 2009b; Chukwuma and Kingsley, 2014; Fruin, 1993;
Hashim and Nabulsi, 2015; Helbing and Johansson, 2009; Illiyas et al., 2013;
Kemp and Moore, 2010; Kendrick, 2013; Novelli et al., 2013; Rahmat et al., 2011;
Sagun et al., 2008; Shaluf, 2007b). It was designed using a straightforward
approach so that they can be easily understandable by the pilgrims. The
questionnaire has been peer-reviewed by academic professors and researchers
before the final version was released to the respondents. All the identified
indicators (items) included in the questionnaire were designed in the purpose of
achieving the aim of the study. These items were measured on 5-point Likert
scales (1= strongly disagree; 5 = strongly agree) or (1= never occur; 5= almost
always occurs). The Likert scale is the type of rating scale that is based on the
premise that each item has significance or weight that measures the respondents
attitude and opinions about a certain issue or subject (Saunders et al., 2009).
The questionnaire encompassed thirteen sections: section one is
background demographic data and information about the respondents; sections
two to ten (A1-A10) were designed to measure the perception of the user (pilgrim)
perception with reference to the independent variables (perceived force,
perceived poor information, perceived insufficient space, perceived poor real time
management, perceived risk of stampede, perceived risk of riot, perceived risk of
structural failure, perceived risk of terrorist attack, perceived risk of explosion and
perceived risk of natural disaster respectively), section eleven (B) refers to the
mediating variable (perceived safety), and section twelve (C) refers to the
dependent variable (user behaviour). A cover letter is to be read or provided to the
respondent at the start of the process to seek the participant’s consent. A copy of
the questionnaire is attached (See Appendix B).
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5.2.1.1 Conducting the Pilot Study
A pilot study was carried out in Makkah in 2016 before the Hajj began in
order to evaluate the validity and reliability of the questions and instructions. As a
pilot study, 13 questionnaires were administered to postgraduate students in
Makkah who completed and assessed the draft of the questionnaire. These
participants had performed Hajj several times and had sufficient knowledge of Hajj
issues. The aim of the pilot was to check the clarity of instructions and the items
of the questionnaire, to determine the time needed to complete the questionnaire,
to ensure the statements were clear and easy (not difficult or complex) to
understand and to gain any other useful comments that could add value to the
questionnaire. Useful notes were obtained from the participants as a result of the
pilot.
5.2.2 Designing the Sampling
The population sampling for this study targeted all the pilgrims (local and
foreigners coming specifically for the Hajj) during the Hajj 2016 (1437 Arabic
Calendar) within the zone of Makkah. A total population size of 1,942,946 pilgrims
was determined based on the report provided by the Ministry of Hajj and General
Authority for Statistics. There are several methods that can be used to calculate
the sample size after determining the confidence level and margin of error. The
formula below is one of the methods where z is a confidence level at 95%
(standard value of 1.96), p is estimated proportion (.50), e is margin of error, and
N is the population size. In this case the sample size has been calculated as
2,399, with a confidence level of 95 and 2% margin of error:
𝑧 2 𝑥 𝑝(1 − 𝑝)
𝑆𝑎𝑚𝑝𝑙𝑒 𝑆𝑖𝑧𝑒 =
𝑒2
2
𝑧 𝑥 𝑝(1 − 𝑝)
1+(
)
𝑒 2𝑁
𝑆𝑎𝑚𝑝𝑙𝑒 𝑆𝑖𝑧𝑒 =

1.962 𝑥 .50(1 − .50)
. 022
1.962 𝑥 .50(1 − .50)
1+(
)
. 022 𝑥 1,942,946

Sample Size = 2,399
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Table 5.1 Sample sizes for different sizes of population (Saunders et al., 2009)

Table 5.1 shows a simpler and more common way of determining the
sample size. It presents the sample sizes for different sizes of the population at
a 95 confidence level. It means that the researcher only needs to determine the
confidence level and margin of error to select the appropriate sample size. Based
on the available data for this study, the target sample size, therefore, will be 2,395
with a 95 confidence level and 2% margin of error.
5.2.2.1 Chosen Sampling
Since this study has used a quantitative approach, it was essential to
concentrate on the ways of how the sampling of the quantitative method can be
selected. Selecting the sample population for quantitative was chosen based on
scientific methods to avoid the biased and presents accurate results.
In this research, the sampling considered all the pilgrims during Hajj within
the zone of Makkah city i.e. regardless of whether the pilgrims were coming from
within the country or coming especially for Hajj from outside of the country as
visitors. The sampling was made based on the distribution of the number of
pilgrims for the Hajj 2015 (1436 Arabic calendar) which was provided by the
Ministry of Hajj and published by the General Authority for Statistics.
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A- Pilgrims coming from within Saudi Arabia (Local Pilgrims)
Pilgrims

Ministry of Hajj

General Authority
for Statistics

Pilgrims with Hajj license coming from within Saudi
Arabia

172,856

Not available

Pilgrims without Hajj license coming from within Saudi
Arabia

Not available

Not available

Not available

567876

Total number of all the Pilgrims coming from within
Saudi Arabia
Table 5.2 Available provided data from the government

By combining the above data from both the Ministry of Hajj and the General
Authority of Statistics sources, the population figures could be summarised as
follows:
Pilgrims

Number of Population

Percentage

Pilgrims with Hajj license coming from within Saudi
Arabia

172,856

30%

Pilgrims without Hajj license coming from within
Saudi Arabia

395,020

70%

Total number of all the Pilgrims coming from within
567,876
Saudi Arabia
Table 5.3 Total number of the Pilgrims coming from within Saudi Arabia

100%

B- Pilgrims coming from outside of Saudi Arabia
Pilgrims

Ministry of Hajj

Total number of the Pilgrims coming from outside
Saudi Arabia

1,375,070

General Authority
for Statistics
1,384,941

Distribution of the Nationalities

Available

Not available

Table 5.4 Total number of the Pilgrims coming from outside Saudi Arabia

Although the total number of pilgrims according to the General Authority
for Statistics is more than what was provided by the Ministry of Hajj by about 10
thousand pilgrims as shown in Table 5.4, the study has chosen the Ministry of
Hajj report due to the availability of the distribution of nationalities.
Pilgrims

Number of
Population

Percentage

Pilgrims with Hajj license coming from within Saudi

172,856

8.90%

Pilgrims without Hajj license coming from within Saudi

395,020

20.33%

Total number of the Pilgrims coming from outside Saudi Arabia

1,375,070

70.77%

Total number for all Pilgrims

1,942,946

100%

Table 5.5 Total number of all the Pilgrims

From a statistical point of view, the population can be described as “strata
population” which can be divided into strata or groups. Therefore, the population
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elements can be divided into homogenous segments, according to their culture
and/or their nationalities where each segment or group may have some features
different than other segments at the same time could reflect the image to their
cultures.
Based on the reviewing above it is preferred to use stratified random
sampling for this study for the quantitative approach. Due to the difficulty of
achieving the principle of "random" or Randomization due to lack of a specific
framework for population, the quota sampling has been adopted. Designing the
sampling as follows:
(1) Due to the sample population being so large (nearly two million pilgrims) with
several heterogeneous strata (groups) in terms of cultural background, the
sample of 2,395 people (as discussed in Section 5.5) has been determined
as initial sample equivalent to 0.12% of the total number of the pilgrims. It has
been distributed as follows:
Pilgrims

Initial Sample

Percentage

Pilgrims with Hajj license coming from within Saudi
Arabia

213

8.90%

Pilgrims without Hajj license coming from within Saudi
Arabia

487

20.33%

Total number of the Pilgrims coming from outside
Saudi Arabia

1,695

70.77%

Total number for all Pilgrims

2,395

100%

Table 5.6 Distribution of Initial Sample

(2) The sample was designed for the pilgrims (who come from outside Saudi
Arabia) according to the following rules by using the recorded numbers during
Hajj 1436 Arabic calendar:
•

All the countries that have a total number of their pilgrims over 10,000
pilgrims, the sample size will be taken according to the percentage
determined above.

•

All the countries that have a total number of their pilgrims ranging between
5,000 and 10,000 are allocated a number of 6 pilgrims as a sample.

•

All the countries that have a total number of their pilgrims ranging between
3,000 and 5,000 are allocated a number of 4 pilgrims as a sample.

•

All the countries that have a total number of their pilgrims ranging between
2 and 3,000 are allocated a number of 2 pilgrims as a sample.
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The following table shows the allocation of sample size for each nationality:
Country

Number of Pilgrims

Percentage

Target Sample

Indonesia

172,350

12.53%

212

Pakistan

145,200

10.56%

179

India

141,131

10.26%

174

Bangladesh

108,941

7.92%

134

Nigeria

77,537

5.64%

96

Egypt

68,845

5.01%

85

Turkey

68,038

4.95%

84

Iran

64,645

4.70%

80

Jordan

48,277

3.51%

59

Algeria

29,709

2.16%

37

Sudan

26,679

1.94%

33

Morocco

26,356

1.92%

33

Malaysia

25,886

1.88%

32

Afghanistan

24,527

1.78%

30

United Kingdom

19,674

1.43%

24

France

18,980

1.38%

23

Yemen

17,702

1.29%

22

Niger

15,014

1.09%

18

Tunisia

14,716

1.07%

18

China

14,594

1.06%

18

Russia

14,119

1.03%

17

United States of America

12,497

0.91%

15

Senegal

11,732

0.85%

14

Mali

11,290

0.82%

14

Lebanon

11,185

0.81%

14

Thailand

10,562

0.77%

13

Germany

10,221

0.74%

13

Ethiopia

9,543

0.69%

6

Kenya

9,150

0.67%

6

Philippines

8,255

0.60%

6

Kuwait

7,556

0.55%

6

Chad

7,104

0.52%

6

Burkina Faso

6,665

0.48%

6

Tajikistan

6,465

0.47%

6

Ivory Coast

5,678

0.41%

6

Ghana

5,473

0.40%

6

Uzbekistan

5,228

0.38%

6

Djibouti

4,786

0.35%

4

Cameroon

4,739

0.34%

4

Kazakhstan

4,446

0.32%

4

Kyrgyz

4,330

0.31%

4

Benin

4,209

0.31%

4

Bahrain

4,087

0.30%

4

Myanmar (Burma)

3,919

0.29%

4
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Holland

3,897

0.28%

4

Australia

3,430

0.25%

4

Tanzania

3,334

0.24%

4

Canada

3,068

0.22%

4

Sri Lanka

3,051

0.22%

4

Belgium

2,992

0.22%

2

Mauritania

2,801

0.20%

2

Azerbaijan

2,684

0.20%

2

Italia

2,483

0.18%

2

South Africa

2,195

0.16%

2

Maldives

2,064

0.15%

2

Bosnia and Herzegovina

2,048

0.15%

2

Togo

2,032

0.15%

2

Spain

2,026

0.15%

2

Austria

1,741

0.13%

2

Sweden

1,562

0.11%

2

Macedonia

1,494

0.11%

2

Gambia

1,373

0.10%

2

Amman

1,298

0.09%

2

Switzerland

1,284

0.09%

2

Uganda

1,132

0.08%

2

Maurice

1,116

0.08%

2

The United Arab Emirates

1,052

0.08%

2

Nepal

1,020

0.07%

2

Comoro Islands

994

0.07%

2

Kosovo

966

0.07%

2

Denmark

925

0.07%

2

Zambia

916

0.07%

2

Singapore

770

0.06%

2

Vietnam

707

0.05%

2

Turkmenistan

680

0.05%

2

Reunion

624

0.05%

2

Qatar

607

0.04%

2

Bulgaria

455

0.03%

2

New Zealand

443

0.03%

2

Brunei

436

0.03%

2

Norway

431

0.03%

2

Albania

416

0.03%

2

Eritrea

409

0.03%

2

Greece

389

0.03%

2

Gabon

379

0.03%

2

South Korea

302

0.02%

2

Finland

272

0.02%

2

Trinidad and Tobago

248

0.02%

2

Romania

199

0.01%

2

Japan

154

0.01%

2

Portugal

70

0.01%

2

Ukraine

61

0.00%

2

1,375,070
100%
Total
Table 5.7 Distribution of sample according to the nationalities
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1685

Based on the data above, the total sample size was revised as follows:
Total sample size: 1,685 ÷ 70.77% = 2,381
Pilgrims with Hajj license coming from within Saudi: 2,381 × 8.90% = 212
Pilgrims without Hajj license coming from Saudi: 2,381 × 20.33% = 484
The final sample after revision became:
Pilgrims

Revised Sample

Percentage

Pilgrims with Hajj license coming from within Saudi
Arabia

212

8.90%

Pilgrims without Hajj license coming from within Saudi
Arabia

484

20.33%

Total number of the Pilgrims from outside Saudi Arabia

1,685

70.77%

Total number for all Pilgrims

2,381

100%

Table 5.8 Final distribution of revised sample being collected

5.2.3 Getting the Ethical Approval
Prior to undertaking the fieldwork, the researcher, the necessary ethics and
governance approvals were obtained before commencing the work. It was
guaranteed that none of the participants were considered vulnerable due to age
or gender or social, psychological or medical/physical condition. It was ensured
that the age of the participants was between 21 - 60 years old. All the participants
were chosen on the basis that they are able-bodied (physically and mentally).
Several procedures put in place to ensure safe and ethical direct involvement of
human participants. The anonymity was guaranteed, and all data have been
secured housed and given a timeline for its eventual destruction. The participants
were given adequate knowledge of access to the data storage and research
results. The conduct of the questionnaire was carried out at the participant’s
convenience regarding timing and location. This helped to ensure the respect of
the privacy and dignity of the participants in an equal and fair manner. It was
ensured that all participants were part of the studies as volunteers and agreed to
use their input for the purpose of the study. The purpose of the research and the
time involved in participation were clearly stated to the participants. The
participants had time to read and understand the information provided to them
prior to answering the questions. During the data collection, iPads were used by
trained data collectors and transferred to a central database. All iPads and the
central database computer were password protected. Again, once the data was
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transferred all iPads were formatted. Also, all the electronic data were stored
securely and saved in protected files on a password-protected computer that is
accessible only by the researcher. These data will be secured and archived by the
researcher, which will be destroyed at the end of the study. Risk assessment sheet
was also prepared and approved by the ethical committee prior to undertaking the
data collection (See Appendix E).
5.3

Preparation for the Fieldwork
Collecting data from the users during the Hajj requires good preparation

and logistical support (logistics refers to the activities that relate to receiving the
right service in the right quality and right place at the right time (Shapiro, 1985)).
The preparation involves obtaining necessary consents and permissions from
relevant stakeholders such as the Hajj Authorities (Lambert et al., 1998).
5.3.1 Contacting the Hajj Authorities
The data collection involved an investment of effort, resources and support
that was kindly provided by the Custodian of the Two Holy Mosques Institute for
Hajj and Umrah Research Institute. They confirmed unconditional support for the
study (See Appendix A) and guaranteed access to pilgrims and the Holy Mosque
and its environment for the data collection. They also provided the necessary
resources, equipment and tools. The Research Institute also helped in getting the
permission (signed off letters by all relevant Hajj Authorities) and the required
documents to undertake the study and collect the data. All Government consent
and approvals were officially obtained prior to the commencement of the process
of the data collection.
5.3.2 The Required Resources for Data Collection (People and
Equipment)
Each project requires a capable team and materials to achieve the goal of
the study. The researcher, in collaboration with the Research Hajj Institute,
identified a number of persons needed and the required tools/equipment to
administer the survey.
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5.3.2.1 Teamwork
After a series of meetings between the researcher and the management
of the Research Institute, the key personel requirement was created. The
Research Hajj Institute agreed to form an effective team consisting of the (1)
management team, (2) computer specialists and (3) data collectors.

1. Management Team
The management team consisted of three experts (an assistant professor
as the general supervisor, a lecturer as the supervisor, and a secretary). Those
members were staff of the Hajj and Umrah Research Institute and have extensive
experience in managing Hajj projects. This team was responsible for interviewing
and selecting the data collectors, preparing the required documents and letters,
monitoring the data collectors during the data collection, and issuing and
receiving the iPad devices to and from the data collectors.

2. Computer Programmer
One computer (iOS) programmer was assigned by the Hajj and Umrah
Research Institute to programm the iPad devices and test them prior to the data
collection. The programmer was also a staff of the Hajj and Umrah Research
Institute. The programmer was charged with the responsibility installing the
questionnaire in the iPads, tracking the iPad devices through the system,
extracting the data collected from the iPad devices and uploading them to a
programmed data base, and exporting these data to the excel sheet. The process
started by programming the questionnaire statements into iPad devices and
linked them to the database centre at the Hajj and Umrah Research Institute as
shown in Figure 5.1 to ensure the quality of the collected data and to track the
employed data collectors (postgraduate students) in an effort to minimise bias.
This enabled the whole process to be effectively monitored (location, time, date)
by the centre, regarding where the data collectors go and what they do.
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Figure 5.1 Process of data centre and tracking system

3. Data Collectors
Considering the sample size, the diversity of languages/culture of the
pilgrims, and the time limitation of the access to the pilgrims, the research
determined at least thirteen (13) competent data collectors are required. The
Custodian of the Two Holy Mosques Institute for Hajj and Umrah Research
Institute was able to interview and selected these data collectors who were all
postgraduate students of Umm Al Qura University in Makkah.
Several criteria were in place for selecting the suitable students to collect
the data in order to reduce bias and ‘bad’ data. Firstly, the students should have
the ability to use the iPad devices in order to fill out the questionnaire. Secondly,
that they must be studying at Umm Al-Qura University to guarantee all iPad
devices would be returned. Thirdly, that they should be able to fluently speak
Arabic and at least one other language major common languages in Hajj (Urdu,
Bengali, Hindi, Indonesian, Malay, English, French, Hausa, Turkish, Persian, and
Mandarin). The questionnaire was translated from English to the Arabic language
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(See Appendix C), therefore, they should have the skills and ability to explain the
questions properly to the pilgrims. Finally, the students must be able-bodied in an
effort to fulfil the ethics requirements.
Based on the above, the following criteria was considered for selecting the
potential candidates:
1. Be a student who is studying (postgraduate courses) at Umm Al-Qura
University in Makkah
2. Be computer literate and be able to use an iPad
3. Be able-bodied (in order to safely go around Makkah in a large crowd during
the Hajj)
4. Be able to speak Arabic and a minimum of one of the international languages
(Urdu, Indonesian, Malay, English, French, Hausa, Turkish, Persian, and
Mandarin)
5. Have at least two years of experience in field data collection during Hajj event
6. Be able to explain the questions to the pilgrims (who may not be able to read
or write)
7. Be recommended by the Hajj and Umrah Research Institute
5.3.2.2 Equipment Required
Every study requires specific equipment and tools to effectively administer
the survey. The survey was conducted electronically using the iPad devices in
order to avoid the bias and deliver accurate results with high efficiency. This study
required thirteen programmed iPad devices that were handed over to the data
collectors to collect the data electronically. Internet data SIM Cards were also
necessary for each iPad device to be linked to the database centre located in an
office at the Hajj and Umrah Research Institute. The management team (general
supervisor, supervisor, and secretary) and a computer programmer were also in
need of four desktop computers to manage the project. These desktop computers
were used by the members who were assigned for handling diverse tasks
including programming the iPads, monitoring and tracking the data collectors,
writing letters, preparing required documents, printing the ID cards for each data
collection etc. Stationary and printers were also required to carry out the project.
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5.3.3 Training
The researcher briefed, trained and guided the selected data collectors on
how to administer the survey. Several workshops were held with the data
collection team (management team and data collectors) in the Hajj and Umrah
Research Institute meeting rooms. The selected postgraduate students (data
collectors) underwent a thorough and rigorous training program in order to ensure
that there is no bias of the data collectors (example of such events is shown
Figure 5.2).

Figure 5.2 Part of the training program

The training included a detailed understanding of the aim of the research
and the purpose of the data collection. The questions (Arabic version) were
explained categorically and discussed during the training sessions. An attempt to
was made to check that the interpretation into the language that they have to read
questions to the respondents is as accurate as possible. It was ensured that the
data collectors would be limited to the statement of questions in order to prevent
their own bias, so they were isolated and restricted as much as possible. The
data collectors were instructed to collect the data based on certain criteria.
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Pilgrims coming from outside Saudi Arabia
iPad
User
34

22

28

32

Country

Target

Country

Target

Country

Target

Indonesia

sampling
212

Malaysia

sampling
32

Pakistan

179

Austria

2

Sweden

2

Norway

2

Portugal

2

Italia

2

Spain

2

Germany

13

Maldives

2

India

174

Nepal

2

Nigeria

96

Mali

14

244
Finland

2

Niger

18

Ethiopia

6

USA

15

UK

24

Philippines

6

Brunei

2

Thailand

13

Gambia

2

Ghana

6

Uganda

2

Holland

4

Canada

4

Denmark

2

Zambia

2

Kenya

6

Singapor

2

Turkey

84

Lebanon

14

22

Belgium

2

South Africa

2

Australia

4

UAE

2

Mauritani
nd

2

New

2

Vietnam

2

Iran
Zealand
Tajikistan

80

Afghanistan

30

a
Egypt

85

6

Oman

2

Djibouti

4

France

23

Senegal

14

Burkina

6

Benin

4

Togo

2

2

Ivory Coast

6

Chad

6

Gabon
Faso
Cameroo

Tanzania

4

Comoro

2

Algeria

37

n
Sudan

33

30

Tunisia
Islands
Morocco

18

Jordan

59

Qatar

2

33

Kuwait

6

Bahrain

4

29

Bangladesh

134

Russia

17

31

26

25

23

208

176

Yemen
e
Switzerla

33

Total

sampling

2

4

224

138

207

71

194
134

Kazakhstan

4

Myanmar

4

Kyrgyz

4

Bosnia
and
)Burma
(
Macedonia
Herzegovina

2

Azerbaijan

2

2

Sri Lanka

4

Maurice

2

Turkmenista

2

Trinidad
n and
Romania
Tobago

2

Kosovo

2

Reunion

2

Bulgaria

2

Japan

2

Albania

2

Uzbekistan

6

Eritrea

2

Ukraine

2

Greece

2

South Korea

2

China

18

71

2

18

Pilgrims coming from within Saudi Arabia
27

Hajj license

212

24

No Hajj

242

23

license
Table 5.9 Sampling size targeted from each data collector
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242

Several criteria were in place prior to selecting the participants in order to
ensure the data being collected are reliable and fulfil the ethics and security
requirements. The criteria for selecting the survey participants can be listed as
follows:
1. Must be a pilgrim who is performing the Hajj 2016 (1437 AH).
2. Must have completed the Tawaf.
3. The age should be between 21 - 60 years old.
4. Must be able-bodied.
5. Speak at least one of the following languages: Urdu, Bengali, Hindi,
Indonesian, Malay, English, French, Hausa, Turkish, Persian, or Mandarin
6. Limited by quotas as shown in the Table 5.9 above.
At the end of the workshop, each data collector received his iPad device
and an identification card (ID) that was issued by the Custodian of the Two Holy
Mosques Institute for Hajj and Umrah Research in order to access the locations
were pilgrims are and to collect the data. The ID cards were printed, certified,
stamped, and delivered to each data collector. Each data collector also was
received his share of the target sampling that needs to be collected guided by the
information shown in Table 5.9. The average expected time to complete one-time
questionnaire was estimated at 20 minutes, including the period used for
obtaining consent, explaining the instructions and stating the purpose of the
questionnaire.
5.4

Implementation and Monitoring
The study focused on the Tawaf, which is the most critical and crowded

period for pilgrims in the Holy Mosque during the Hajj. The level of density could
reach 6-8 people per square metre. Due to high density, the data could only be
collected around the Holy Mosque immediately after the pilgrims have performed
their Tawaf. Collecting the data in the crowd at the Holy Mosque was technically
impossible due to the high density of the crowd and the impracticality of stopping
people in the middle of their worship. In some cases, the data collection was also
carried out in other locations including the camps and accommodation where the
pilgrims were staying. The data collection began from the 10th Dhul-Hijjah until
the end of the Dhul-Hijjah month (period of 20 days). In the first four days of the
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data collection, two main sites were targeted to collect the data: the Holy Mosque
and camps located in Mina. This involved all pilgrims groupings according to their
nationalities and spoken languages.

Figure 5.3 Location of pilgrims camps in Mina

Figure 5.3 shows the locations of the pilgrims camps in Mina and
distribution of the camps according to the nationalities, spoken languages, and
classification as provided by the Ministry of Hajj (showing African pilgrims; Iran
pilgrims; Interior pilgrims (refers to the local pilgrims who come from within Saudi
Arabia); Arabian countries pilgrims; Turkish and Muslims of Europe, the
Americas, and Australia; South Asian pilgrims; and South East Asian pilgrims).
In the first days of the data collection, it was ensured to begin collecting the data
from two main targets that usually leave earlier: the Interior pilgrims (from Saudi
Arabia and residing in camps); and those that may be without license who often
are seen sleeping rough. Three data collectors were assigned to collect data
from pilgrims who come from within Saudi and come to Hajj without Hajj licenses.
The other ten collectors were assigned to collect the data from the pilgrims who
come from outside Saudi Arabia as detailed Table 5.9. During the period from
14th to 30th of Dhu’l-Hijjah (i.e. after all pilgrims have left Mina camps), the data
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collection was carried out in and around the Holy Mosque and the pilgrims’
accommodation.
A ‘Whatsapp’ group was created to establish a link among all the members
of the research project (management team, data collectors, and researcher). This
enabled communication between the researcher, the management team and the
data collectors were via mobile phones and to follow up with the people in the
field, share information, and for any updates. Figure 5.4 shows some examples
of the data collection carried out in the field.

Figure 5.4 Examples of the data collection carried out in the field

On the 30th of Dhu’l-Hijjah, all data collectors returned the iPads, which
were checked and tested by the computer programmer. These data were
uploaded to the password protected database files in a password protected
desktop which then exported into an excel sheet and transferred to the author’s
password protected laptop. All the iPads were then formatted to clean their
storage.
5.5

Validity and Reliability and Avoiding the Bias
This research takes into consideration all the validity and reliability criteria

stated in chapter 4 section 4.9 to assure the quility of the research. Avoiding ‘bias’
was taken very seriously in order to obtaining accurate results. Firstly, the
questionnaire was framed using straightforward questions and avoided
uncommon words and complex sentences. It ensured that all questions were
short, not leading questions, and clear. Interval questions were used instead of
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Yes/No to make it more accurate and effective. Also, the research kept the time
period short by collecting the data immediately after the event (Tawaf) because
the respondents are more likely to recall the recent event.
With regards to the reliability, different procedures and stages of the
inquiry were explained clearly and explicitly by the researcher in order to increase
the reliability of the research. This study explained in detail the stages of the
research including the rational, and design of the study etc. An exploratory activity
using participant involvement was also undertaken by the researcher to establish
a better understanding of the problem situation. This opportunity came about
because the researcher happened to be a fulltime employee of one of the Hajj
and Umrah organisations in Makkah. The researcher was able to have direct
access to the Hajj operations and all key personnel directly involved with the Hajj
process. Furthermore, internal consistency was considered for estimating the
reliability which was calculated by two different methods: Cronbach’s alpha and
Composite Reliability (CR).
To ensure the validity, experts and academic doctors in the research field
had reviewed the data and instruments. Accordingly some of the unclear and
obscure questions were revised and the complex items were rephrased. The
researcher also sent some of the results to the Hajj Authorities which were
confirmed and validated. In peer examination, the work of this study was peerreviewed by Springer and Elsevier journals by nonparticipants in the study who
are familiar with the subject and have sufficient knowledge. Useful comments and
constructive suggestions were given by the reviewers which helped in improving
the quality of the research. Utility criterion was met in which, part of the
information were provided for the Hajj Authorities to help them in the decision
making. Regarding the external validity which refers to the application of the
research in another setting, it is believed that the research findings and
methodology could be transferable to other types of crowded large space
buildings for other types of events such as sports and music events.
5.6

Conclusion
This study adopted postpositivism, a paradigm which is more related to

quantitative

(experiment,

survey)

approach
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than

qualitative

(interview,

observation) approach. Due to researcher’s personal experiences and
knowledge of the problem situation, the research primarily employed a survey
(questionnaire) as a technique for data collection. The research adopted the
stratified random sampling, which is a probability sampling in which the
population firstly needs to be separated into homogenous segments (strata)
according to a certain characteristic of the population, and then from each
segment (strata), a simple random sample can be selected. These selected
samples from the various segments (stratum) are then combined and arranged
into a single sample. This approach often uses the available information of the
population (e.g. total population, nationalities) prior to selecting the sampling to
make the sampling more efficient.
The questionnaire covered thirteen sections: section one is background
demographic data and information about the respondents, and sections two to
thirteen are designed to test the variables to perceived crowd safety. All the items
were measured using a 5-point Likert scale (1= strongly disagree to 5 = strongly
agree, or 1 = never occur to 5= almost always occurs). A pilot study was also
carried out in Makkah in 2016 before the Hajj began in order to evaluate the
validity and reliability of the questions and instructions. The population sampling
for this study targeted all the pilgrims (both coming from within Saudi Arabia and
coming from outside the country) during the Hajj event. A total population size of
1,942,946 pilgrims was determined based on the report provided by the Ministry
of Hajj and General Authority for Statistics. After a robust risk and ethical
assessments, which ensured that the research conforms to good practice, 2,395
pilgrims were targeted with an estimated confidence level of 95% and a 2%
margin of error within Makkah during the Hajj of the year 2016 (1437 Arabic
Calendar).
In summary, the sampling collected during the Hajj 2016 (1437 Arabic
Calendar) by the time pilgrims finish performing their Tawaf on 10 th of the
Dulalhajj. The data collected for 20 days starting from 10th of the Dulalhajj till the
pilgrims leave. It collected from a diverse location including Holy Mosque, Mina
and accommodations. The researcher had established contact with the
Custodian of the Two Holy Mosque Institute of Hajj and Umrah Research which
is one of the Hajj Authorities. The Custodian of the Two Holy Mosque Institute
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had confirmed unconditional support for the project. They provided manpower,
iPads and iOS programmer, and guaranteed access to pilgrims and the Mosque
and its environment. The survey questions were programmed into iPad devices
and linked to the central database located in an office at the Hajj and Umrah
Research Institute in order to eliminate the need to code the questionnaires. The
researcher, in collaboration with the Institute, would select experienced students
who would be briefed and guided to administer the survey. The time and location
of the survey were recorded into the iPads devices to ensure the reliability data.
Furthermore, all the validity and reliability criteria as well as avoiding the bias
were seriously taken into consideration in this research.
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Chapter 6 Data Analysis I: Descriptive and Variances Analysis
6.1

Introduction
This chapter discusses the descriptive analysis of the respondents

including demographic data, and respondents experience during Hajj and Tawaf.
It addresses the data screening (missing data and normality test) to ensure the
collected data is clean before conducting any further analysis. The data entry,
data screening and descriptive analysis and consistency reliability analysis were
conducted using the Statistical Packages for the Social Sciences (SPSS) version
22. This chapter also reports the results of the variances in the level of perceived
safety and users behaviour among Muttawiffy, levels of education, familiarities,
and attendance (Individually, Family, Group) using the Kruskal-Wallis H test and
Dunn’s post hoc tests.
6.2

Data Screening
The purpose of this section was to ensure that the collected data was clean

before conducting the statistical analysis in order to ensure the reliability and
validity of the data. It discusses the missing data and normality test. These steps
are required to justify the reliability of the data prior to undertaking the SEM
analysis.
6.2.1 Missing Data
Missing data refers to the variables that do not contain valid values for
analysis. Missing data may cause problems, which may not allow the analysis to
run because the obtained data is not adequate. According to the Hair et al.
(2010), for any individual case or observation that involves missing data under
10% can be generally ignored. The results shown in the table below illustrates
that all cases have no missing data which implies that the data is sufficient for the
selected analysis technique.
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Cases
Items

Valid

Missing

N

Percent

N

Percent

PF1

1940

100.0%

0

0.0%

PF2

1940

100.0%

0

0.0%

PF3

1940

100.0%

0

0.0%

PF4

1940

100.0%

0

0.0%

PF5

1940

100.0%

0

0.0%

PF6

1940

100.0%

0

0.0%

PPI1

1940

100.0%

0

0.0%

PPI2

1940

100.0%

0

0.0%

PPI3

1940

100.0%

0

0.0%

PPI4

1940

100.0%

0

0.0%

PPI5

1940

100.0%

0

0.0%

PIS1

1940

100.0%

0

0.0%

PIS2

1940

100.0%

0

0.0%

PIS3

1940

100.0%

0

0.0%

PIS4

1940

100.0%

0

0.0%

PIS5

1940

100.0%

0

0.0%

PPRTM1

1940

100.0%

0

0.0%

PPRTM2

1940

100.0%

0

0.0%

PPRTM3

1940

100.0%

0

0.0%

PPRTM4

1940

100.0%

0

0.0%

PPRTM5

1940

100.0%

0

0.0%

PRS1

1940

100.0%

0

0.0%

PRS2

1940

100.0%

0

0.0%

PRS3

1940

100.0%

0

0.0%

PRS4

1940

100.0%

0

0.0%

PRS5

1940

100.0%

0

0.0%

PRS6

1940

100.0%

0

0.0%

PRR1

1940

100.0%

0

0.0%

PRR2

1940

100.0%

0

0.0%

PRR3

1940

100.0%

0

0.0%

PRSF1

1940

100.0%

0

0.0%

PRSF2

1940

100.0%

0

0.0%

PRSF3

1940

100.0%

0

0.0%

PRSF4

1940

100.0%

0

0.0%

PRTT1

1940

100.0%

0

0.0%

PRTT2

1940

100.0%

0

0.0%

PRTT3

1940

100.0%

0

0.0%

PRTT4

1940

100.0%

0

0.0%

PRE1

1940

100.0%

0

0.0%

PRE2

1940

100.0%

0

0.0%

PRE3

1940

100.0%

0

0.0%

PRND1

1940

100.0%

0

0.0%

PRND2

1940

100.0%

0

0.0%

PRND3

1940

100.0%

0

0.0%

PRND4

1940

100.0%

0

0.0%

PRND5

1940

100.0%

0

0.0%
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PS1

1940

100.0%

0

0.0%

PS2

1940

100.0%

0

0.0%

PS3

1940

100.0%

0

0.0%

PS4

1940

100.0%

0

0.0%

PS5

1940

100.0%

0

0.0%

PS6

1940

100.0%

0

0.0%

PS7

1940

100.0%

0

0.0%

PS8

1940

100.0%

0

0.0%

UB1

1940

100.0%

0

0.0%

UB2

1940

100.0%

0

0.0%

UB3

1940

100.0%

0

0.0%

UB4

1940

100.0%

0

0.0%

1940

100.0%

0

0.0%

UB5
Table 6.1 Missing Data

6.2.2 Normality Test:
In multivariate analysis, the normality is an essential assumption which
refers to the distribution of the data for a variable (Hair et al., 2010). It can be
measured in two different ways: Skewness and Kurtosis. Data can be considered
to be normal if: Skewness and Kurtosis are between -3 to +3. From Table 6.2 the
result indicates that the normality of the data points is achieved, and the data is
therefore normally distributed within range.
N

Mean

Std. Deviation

Skewness

Statistic

Statistic

Statistic

Statistic

Std. Error

Statistic

Std. Error

PF1

1940

3.9005

1.26070

-1.046

.056

-.005

.111

PF2

1940

3.5015

1.23073

-.701

.056

-.563

.111

PF3

1940

3.2474

1.30046

-.446

.056

-1.028

.111

PF4

1940

3.4521

1.33477

-.584

.056

-.899

.111

PF5

1940

3.3979

1.32396

-.539

.056

-.954

.111

PF6

1940

3.5000

1.31461

-.737

.056

-.666

.111

PPI1

1940

3.4093

1.41404

-.581

.056

-1.017

.111

PPI2

1940

3.2351

1.31889

-.507

.056

-1.002

.111

PPI3

1940

3.2845

1.36955

-.481

.056

-1.087

.111

PPI4

1940

3.1866

1.37435

-.374

.056

-1.209

.111

PPI5

1940

3.2613

1.36759

-.441

.056

-1.102

.111

PIS1

1940

3.8000

1.14687

-.830

.056

-.180

.111

PIS2

1940

3.5608

1.17780

-.614

.056

-.497

.111

PIS3

1940

3.3448

1.32230

-.560

.056

-.900

.111

PIS4

1940

3.4485

1.25580

-.542

.056

-.800

.111

PIS5

1940

3.2974

1.31626

-.489

.056

-.985

.111

PPRTM1

1940

3.8727

1.11290

-.853

.056

-.202

.111

PPRTM2

1940

3.3392

1.32435

-.490

.056

-.975

.111

PPRTM3

1940

3.2809

1.29742

-.449

.056

-.952

.111

PPRTM4

1940

3.2521

1.29818

-.503

.056

-.943

.111

Items
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Kurtosis

PPRTM5

1940

3.2763

1.30297

-.489

.056

-.971

.111

PRS1

1940

4.1969

1.29441

-1.478

.056

.881

.111

PRS2

1940

3.6876

1.33054

-.506

.056

-1.043

.111

PRS3

1940

3.3969

1.43168

-.345

.056

-1.204

.111

PRS4

1940

2.7196

1.49461

.283

.056

-1.285

.111

PRS5

1940

3.4753

1.52033

-.448

.056

-1.291

.111

PRS6

1940

3.7155

1.43070

-.747

.056

-.841

.111

PRR1

1940

3.0727

1.54204

-.089

.056

-1.447

.111

PRR2

1940

2.7892

1.49380

.216

.056

-1.341

.111

PRR3

1940

2.8979

1.53283

.081

.056

-1.452

.111

PRSF1

1940

3.3247

1.55481

-.348

.056

-1.379

.111

PRSF2

1940

2.3294

1.36835

.621

.056

-.841

.111

PRSF3

1940

1.9304

1.24957

1.127

.056

.136

.111

PRSF4

1940

2.0613

1.28980

.898

.056

-.407

.111

PRTT1

1940

3.0314

1.35215

-.142

.056

-1.261

.111

PRTT2

1940

2.8340

1.25100

.014

.056

-1.171

.111

PRTT3

1940

2.9021

1.29692

-.032

.056

-1.200

.111

PRTT4

1940

3.0778

1.37149

-.100

.056

-1.291

.111

PRE1

1940

2.4665

1.23279

.436

.056

-.883

.111

PRE2

1940

2.6655

1.23426

.186

.056

-1.064

.111

PRE3

1940

2.8139

1.29978

.119

.056

-1.145

.111

PRND1

1940

3.6129

1.09108

-.788

.056

-.004

.111

PRND2

1940

3.6325

1.08507

-.791

.056

.005

.111

PRND3

1940

3.9052

1.10149

-1.024

.056

.395

.111

PRND4

1940

3.7113

1.21499

-.797

.056

-.315

.111

PRND5

1940

3.1768

1.28873

-.455

.056

-.963

.111

PS1

1940

3.0716

1.20875

-.315

.056

-.962

.111

PS2

1940

3.3062

1.18920

-.431

.056

-.822

.111

PS3

1940

2.9515

1.10730

-.180

.056

-.878

.111

PS4

1940

2.6371

1.08592

.208

.056

-.791

.111

PS5

1940

2.6789

1.15595

.206

.056

-.907

.111

PS6

1940

2.7680

1.14354

.038

.056

-1.049

.111

PS7

1940

2.9675

1.17147

-.218

.056

-.997

.111

PS8

1940

3.0469

1.39118

-.190

.056

-1.310

.111

UB1

1940

3.5814

1.21706

-.839

.056

-.260

.111

UB2

1940

3.2907

1.24179

-.525

.056

-.770

.111

UB3

1940

3.3459

1.20188

-.594

.056

-.683

.111

UB4

1940

3.1139

1.19087

-.463

.056

-.965

.111

1940

3.1186

1.22816

-.401

.056

-1.029

.111

UB5
Table 6.2 Normality Test

6.3

Descriptive Analysis of Overall Data
This section discusses the findings of the descriptive analysis of the data

collected from the pilgrims. It outlines a summary of the demographic data of the
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respondents and other general information about the pilgrims such as their
familiarity to Hajj, the floor level and time they performed their Tawaf, etc.
6.3.1 Background
A sample size of 1,940 consisting of pilgrims from different nationalities
during the Hajj period was used as part of the study. Respondents demographic
data such as age, educational level and background information related to
performing Hajj is discussed in the following sub-sub-sections.
6.3.1.1 Age of Respondents
The mean age of the respondents was 42.44, with a minimum age of 21
and a maximum of 60 years old. Figure 6.1 indicates that majority of the
respondents were within the age range of 31-55 years (82.1%). 10% were
between 21-30, while 7.9% were between 56-60 years of age.

Age of the respondents
450

20.8%

400

18.8%

FREQUENCY

350

16.4%

300

14.0%
12.1%

250

200

7.9%

8.0%

150
100
50

2.0%

0
21 - 25

26 - 30

31 - 35

36 - 40

41 - 45

46 - 50

51 - 55

56 - 60

RANGE OF AGES
Figure 6.1 Age of the respondents

6.3.1.2 Nationalities of the Respondents
Analysis of the nationalities of the respondents shows that 62 different
nationalities responded to the questionnaire as shown in Table 6.3. At least 81%
of the target sample size was achieved which is considered a good response
rate. Saldivar (2012) stresses the importance of adequate response rate in order
to reduce the possibility of a biased sample, and a good face to face response
121

rate is ranged between 80% - 85%. There were many challenges during data
collection that prevented the research from achieving 100% of the target sample
size. One of the biggest challenges was the limitation on time because the
pilgrims had to leave Makkah after completing their Hajj rituals to return home as
soon as possible. Others had to leave for the City of Madina for an optional visit
to the other Holy Mosque (i.e. the Madina Mosque).
Nationalities of Respondents

Frequency

Percent

Afghan
Algerian

55
46

2.8
2.4

American
Australian

9
3

.5
.2

Bahraini
Bangladeshi

18
136

.9
7.0

Belgian
British

1
10

.1
.5

Bruneian
Burmese

1
4

.1
.2

Burundian
Cameroonian

1
1

.1
.1

Canadian
Central African

9
27

.5
1.4

Chadian
Chinese

33
13

1.7
.7

Congolese
Comorian

3
12

.2
.6

Danish
Djibouti

2
2

.1
.1

Yemeni
Dutch

62
2

3.2
.1

Egyptian
Emirian

165
4

8.5
.2

Ethiopian
Filipino

10
9

.5
.5

French
Gambian

5
3

.3
.2

Ghanaian
Indian

10
239

.5
12.3

Indonesian
Iranian

205
89

10.6
4.6

Iraqi
Palestinian

5
6

.3
.3

Ivorian
Jordanian

2
59

.1
3.0

Kenyan
Kuwaiti

5
17

.3
.9

Lebanese
Libyan

10
1

.5
.1

Malian

11

.6
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Mauritanian

8

.4

Moroccan
Nepalese

33
19

1.7
1.0

Nigerian
Nigerien

70
36

3.6
1.9

Omani
Pakistani

4
91

.2
4.7

Qatari
Saudi Arabia

10
115

.5
5.9

Senegalese
Sierra Leonean

3
1

.2
.1

Singaporean
Sudanese

2
97

.1
5.0

Syrian
Tajik

17
8

.9
.4

Thai
Togolese

3
1

.2
.1

Tunisian
Turkish

24
88

1.2
4.5

Ugandan
Zambian

2
3

.1
.2

1940

100

Total
Table 6.3 Nationalities of the Respondents

6.3.1.3 Education Level of Respondents
The graph below shows the educational level of respondents. 25.3% of the
respondents cannot read and write, 35.3% had a middle or high school, 32.2%
had a bachelor degree, and only 7.3% had higher degree either master or PhD.
Among the educated participants, 39.5% have a university degree or higher.

Education Level of respondents
Master or PhD

7.3%

Bachelor

32.2%

Middle/High School

35.3%

Can't Read and Write

25.3%

0.0

5.0

10.0

15.0

Figure 6.2 Education Level of Respondents
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20.0

25.0

30.0

35.0

40.0

6.3.1.4 Hajj Experience (Familiarity)
This section presents the experience of the respondents to the Hajj event,
i.e. who have attended the Hajj event or visited Makkah and the Holy Mosque
before. Table 6.4 shows the number of times the respondents had previously
performed Hajj, or this was the first time. Majority of the respondents (about
74.4%) had performed Hajj at least once before. Only 25.6% of respondents were
performing Hajj for the first time.
Number of Hajj

Frequency

Valid Percent (%)

1st

496

25.6

2nd

793

40.9

3rd

345

17.8

4th

148

7.6

5th

60

3.1

6th

56

2.9

7th

19

1.0

8th

9

.5

9th

2

.1

10th

2

.1

12th

1

.1

13 th

2

.1

17th

2

.1

20th

4

.2

22th

1

.1

1940
Total
Table 6.4 Number of times performing Hajj

100.0

6.3.1.5 Attendance Mode
This section presents the percentage of the respondents who performed
their Tawaf on the ground floor which is the most crowded area in the Holy
Mosque. Figure 6.3 shows that most of the pilgrims who responded to the
questionnaire had performed their Tawaf at the ground floor (72.7%) and the
majority of them were either in a group or with the family. 20.3% of the
respondents had completed their Tawaf on the first floor, 6% did the Tawaf on
the second floor, while only 1.0% had performed the Tawaf on the roof level due
to long distance. Most of those who performed the Tawaf on the upper floors did
so with their families.
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Performing the Tawaf at floor level of the Holy
Mosque
600
500

Count

400
300
200
100
0

Ground Floor

First Floor

Second Floor

Roof

Individually

324

81

13

1

With Family

525

214

52

10

With Group

561

98

52

9

Figure 6.3 Performing the Tawaf at the floor level of the Holy Mosque

6.3.2 Mean Distribution of the Variables
This section presents the mean distribution and standard deviation as well
as the standard error of each variable used for this study. As shown in Table 6.5,
the mean distribution of the majority of the variables is greater than 3 which may
suggest that majority of the participants had a negative perception about the
safety in the large space buildings.
Factors

Perceived
Force (PF)

Perceived
Poor
Information
(PPI)

Statistic

Statistic

Std. Error

Std.
Deviation
Statistic

1940

3.9005

.02862

1.26070

1940

3.5015

.02794

1.23073

1940

3.2474

.02953

1.30046

1940

3.4521

.03030

1.33477

1940

3.3979

.03006

1.32396

1940

3.5000

.02985

1.31461

1940

3.4093

.03210

1.41404

1940

3.2351

.02994

1.31889

1940

3.2845

.03109

1.36955

N

Items
There is uncontrollable pushing from
behind by pilgrims during the Tawaf
which causes people leaning against
each other
People suffer from breathing
difficulties
I experienced people suffocating
The level of crowd pushing is almost
impossible to resist or control
Movement during the Tawaf is
restricted and difficult
There is a feeling of crowd pressure
during the Tawaf
The information provided to the
pilgrims regarding Hajj health and
safety is insufficient
The communication from the
police/security at the Holy Mosque
during Hajj is difficult to understand
The signs at the Holy Mosque are
insufficient
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Mean

The signs at the Holy Mosque are not
clear or not useful
The warning signs and messages to
warn pilgrims of any danger in the
Holy Mosque are insufficient
There is a very high density of people
on the walkways inside the Holy
Mosque
There is a very high density at the
Mataf area
Perceived
Insufficient
Space (PIS)

Perceived
Poor Real
Time
Management
(PPRTM)

Perceived
Risk of
Stampede
(PRS)

Perceived
Risk of Riot
(PRR)

Perceived
Risk of
Structural

Numbers and distribution of the stairs,
escalators and lifts are not suitable or
are inadequate to accommodate the
pilgrims
There is a very high density of people
at the entrances and exits of the Holy
Mosque
In general, the space of the Holy
Mosque is not adequate to
accommodate the number of pilgrims
Waiting time at the entrances to enter
the Holy Mosque is too long
Control of the inflow and outflow of
pilgrims at the Holy Mosque is poor
There seems to be no organised
system that manages the inflow and
outflow of the pilgrims to the Holy
Mosque
The real time communication and or
intervention of the Hajj Authorities in
the event of danger is very poor
In general, the waiting time to use the
facilities at the Holy Mosque is not
acceptable
Some pilgrims rushing to kiss the
black stone during Tawaf
Some pilgrims move in opposite
direction at the Mataf area
Some pilgrims perform their Tawaf in
the Mataf area using wheelchairs
Wheelchairs have fallen on escalators
causing blockage to the movement of
pilgrims
Some pilgrims sit on the pathways
and stairways
Some nationalities perform the Tawaf
in the large group holding hands or
arms with each other at the Mataf
area causing blockages
Some pilgrims act aggressively
towards the police resulting in
temporary blocking of the entrances
to the Holy Mosque
Some of police and security
personnel act aggressively towards
the pilgrims
Some groups of pilgrims act
aggressively against other groups
High density of people and
overloading of the lifts and the
escalators at the Holy Mosque
Failure of the ventilation systems in
some areas of the Holy Mosque
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1940

3.1866

.03120

1.37435

1940

3.2613

.03105

1.36759

1940

3.8000

.02604

1.14687

1940

3.5608

.02674

1.17780

1940

3.3448

.03002

1.32230

1940

3.4485

.02851

1.25580

1940

3.2974

.02988

1.31626

1940

3.8727

.02527

1.11290

1940

3.3392

.03007

1.32435

1940

3.2809

.02946

1.29742

1940

3.2521

.02947

1.29818

1940

3.2763

.02958

1.30297

1940

4.1969

.02939

1.29441

1940

3.6876

.03021

1.33054

1940

3.3969

.03250

1.43168

1940

2.7196

.03393

1.49461

1940

3.4753

.03452

1.52033

1940

3.7155

.03248

1.43070

1940

3.0727

.03501

1.54204

1940

2.7892

.03392

1.49380

1940

2.8979

.03480

1.53283

1940

3.3247

.03530

1.55481

1940

2.3294

.03107

1.36835

Failure
(PRSF)

Power cuts in some areas of the Holy
Mosque
Fall and collapse of parts or
equipment or tools during
construction work at the Holy Mosque
Poor security checks at the entrances
of the Holy Mosque
Absence of security at the courtyards
Perceived
around the Holy Mosque
Risk of
Absence of security at the Mataf area
Terrorist
and the different floor levels of the
Attack
Holy Mosque
(PRTA)
Poor use of modern security systems
(cameras - body inspection system)
Too many electrical cables laying
around randomly
Risk of fire outbreak resulting from
Perceived
the pilgrims using the electrical
Risk of
sockets in the Holy Mosque
Explosion
Lack of visible firefighting systems in
(PRE)
the Holy Mosque
Heat exhaustion of some pilgrims as
a result of high temperatures
Fainting of some pilgrims resulting
from sunstroke
Perceived
Lack of shade to the areas (too much
Risk of
exposure to the sun)
Natural
Lack of alternatives to reduce high
Disaster
temperatures during the Tawaf
(PRND)
Risk of slips and fall injuries after
heavy rains due to lack of drainage
and slippery surfaces
Performing the Tawaf can be
dangerous
There is overcrowding during the
Tawaf (exceeds the capacity of the
facility)
There is a high possibility of injuries
There is a high possibility of fatalities
There is a high possibility of an
accident resulting from damaged
Perceived
facilities of the Holy Mosque
Safety (PS)
There is a high possibility of falls,
slips and trips
There is a high possibility of serious
incidents such as trampling or
stampede
The overall safety is very poor in the
Holy Mosque
Some pilgrims act aggressively during
the Tawaf
Bad pilgrim behaviour leads to safety
risks
Some pilgrims lose ‘self-control’ when
User
they are performing the Tawaf in
Behavior
organised or pre-set groups
(UB)
There is a feeling of cognitive anxiety
during the Tawaf
There are high stress levels during
the Tawaf
Table 6.5 Descriptive data analysis of the variables
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1940

1.9304

.02837

1.24957

1940

2.0613

.02928

1.28980

1940

3.0314

.03070

1.35215

1940

2.8340

.02840

1.25100

1940

2.9021

.02945

1.29692

1940

3.0778

.03114

1.37149

1940

2.4665

.02799

1.23279

1940

2.6655

.02802

1.23426

1940

2.8139

.02951

1.29978

1940

3.6129

.02477

1.09108

1940

3.6325

.02464

1.08507

1940

3.9052

.02501

1.10149

1940

3.7113

.02758

1.21499

1940

3.1768

.02926

1.28873

1940

3.0716

.02744

1.20875

1940

3.3062

.02700

1.18920

1940
1940

2.9515
2.6371

.02514
.02465

1.10730
1.08592

1940

2.6789

.02624

1.15595

1940

2.7680

.02596

1.14354

1940

2.9675

.02660

1.17147

1940

3.0469

.03159

1.39118

1940

3.5814

.02763

1.21706

1940

3.2907

.02819

1.24179

1940

3.3459

.02729

1.20188

1940

3.1139

.02704

1.19087

1940

3.1186

.02788

1.22816

6.4

Variances in the Level of Perceived Safety and Users Behaviour
This section reports the results of the Kruskal-Wallis H test and Dunn’s

post hoc test using the background information and demographic data of the
participants in order to compare the differences in the perceived safety and user
behaviour among nationalities, education categories, Hajj experience, and Tawaf
attendance mode (Individually, in Family, or in Group).
The Kruskal–Wallis test is used to detect statistical difference between the
rank scores of any of the groups. The formula is of little use to the reviewer who
has no access to the raw data. Similar to the Mann– Whitney U test, it is based
on group differences in the mean rank values for the dependent variable, rather
than the actual mean values. Conceptually, when the difference between the
average rank scores for any of the groups is too large to be attributable to
sampling error, a significant difference between the groups is suspected.
Statistical hypothesis tests are very widely used for data analysis. Some
popular statistical tests include t-test, ANOVA, Kruskal–Wallis test, and Wilcoxon
rank sum test. Although these four are different tests, they serve the same goal,
which is to find out whether the samples come from the same population. The ttest and ANOVA are parametric tests and assume the normal distribution of data.
The non-parametric equivalence of these two tests are the Wilcoxon rank sum
test, which is also known as the Mann-Whitney U test, and the Kruskal–Wallis
test. They do not assume the data to be normally distributed. The t-test can only
deal with the comparison between two samples, and the ANOVA extends it to
multiple samples. Similarly, the Kruskal–Wallis is also a generalisation of the
Wilcoxon rank sum test from two samples to multiple samples. As stated above,
the four tests are doing similar things under different assumptions. The nonparametric tests perform better when the data is not normally distributed.
In summary, the One-way ANOVA (as a parametric test) is most
appropriate if the dependent measure is continuous and approximates to the
normal distribution and the group distributions are statistically comparable
(homogeneity of variance). Kruskal–Wallis is a nonparametric test and it is best
if the dependent measure is ordinal or the assumptions for ANOVA cannot be
met. Accordingly, the Kruskal–Wallis H test was conducted to compare the
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difference in the perception of safety and user behaviour between nationalities,
education, familiarities and attendance mode.
6.4.1 Differences in the Level of Perceived Safety and Users Behaviour
Among Muttawiffy Groups
Differences in the level of perceived safety:
Is there a significant difference in the perception of safety between
Mutatawiffy groups (“European, Turkish, American, Australian”; Iranian; South
Asian; South East Asian; African; and Arab?
Ho (null hypothesis): There is no significant difference in the perception
of safety between “European, Turkish, American, Australian”; Iranian; South
Asian; South East Asian; African; and Arab.
Ha (alternative hypothesis): There is a significant difference in the
perception of safety between “European, Turkish, American, Australian”; Iranian;
South Asian; South East Asian; African; and Arab.
Kruskal–Wallis H test: The Kruskal–Wallis was conducted to compare the
difference in the perception of safety between “European, Turkish, American,
Australian”; Iranian; South Asian; South East Asian; African; and Arab.
Differences

Safety
perception

Groups (Muttawiffy)

N

Mean
Rank

Muttawiffy Turkey, Europe,
America, Australia

138

916.68

Muttawiffy Iran

89

1325.00

Muttawiffy South Asia

576

1144.65

Muttawiffy South East Asia

233

1074.51

Muttawiffy Africa

223

868.99

ChiSquare

Df

Asymp.
Sig.

182.862

5

.000

Muttawiffy Arab Countries
681
785.43
Table 6.6 Difference in the safety perception between Muttawiffy groups

Table 6.6 and Figure 6.4 showed that there was a statistically significant
difference in the perception of safety χ2(2) = 182.862, p= .000 with a mean rank
of M= 916.68 for Muttawiffy (Turkey, Europe, America and Australia); M= 1325.00
for Muttawiffy (Iran); M= 1144.65 for Muttawiffy (South Asia); M= 1074.51 for
Muttawiffy (South East Asia); M= 868.99 for Muttawiffy (Africa); and M= 785.43
for Muttawiffy (Arab Countries).
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Mean Rank = Mean Rank =
1144.65
1074.51

Mean Rank =
916.68

Mean Rank = Mean Rank =
785.43
868.99

Mean Rank =
1325

Figure 6.4 Mean rank of perceived safety for Muttawiffy Groups

This ‘Hypothesis test summary’ box is given for the Kruskal-Wallis test. As
p < 0.001, there is very strong evidence to suggest a difference between at least
one pair of groups, however, it is not clear yet which pair, therefore, the study has
used Dunn’s post hoc to find out.
Dunn’s post hoc tests are carried out on each pair of groups. As multiple
tests are being carried out, SPSS makes an adjustment to the p-value. The
Bonferroni adjustment is to multiply each Dunn’s p-value by the total number of
tests being carried out. The pairwise comparisons as presented in Figure 6.5
shows the results of the Dunn-Bonferroni tests on each pair of groups. The Adj.
Sig column makes the adjustments for multiple testing (using the Bonferroni error
correction). Only the p-value for the test comparing the perception of safety
among the groups is significant (p < 0.001). Significant differences are also
highlighted using an orange line to join the two different groups in the diagram
which shows the mean rank for each group.
The null hypothesis states that there is no significant difference in the
perception of safety between “European, Turkish, American, Australian”; Iranian;
South Asian; South East Asian; African; and Arab. Since the p-value is less than
the significance level of 0.05, there is significant evidence to reject the null
hypothesis. This concludes that there is a significant difference in the perception
of safety between “European, Turkish, American, Australian”; Iranian; South
Asian; South East Asian; African; and Arab.
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Figure 6.5 Pairwise comparison of Muttawiffy Groups

Figure 6.6 Hypothesis test result for differences in the level of perceived safety between Muttawiffy
groups
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A Kruskal-Wallis test provided very strong evidence of a difference (p <
0.001) between the mean ranks of at least one pair of groups. Dunn’s pairwise
tests were carried out for the three pairs of groups. There was very strong
evidence (p < 0.001, adjusted using the Bonferroni correction) of a difference
between the country groups as shown in a pairwise comparison of Muttawiffy
such as Arab and South East Asia. There was no evidence of a difference
between the other pairs such as Arab and Africa, Arab and Turkey, Europe, Africa
and Turkey, Europe; Turkey, Europe and south-east Asia.
Differences in the level of behaviour:
Is there a significant difference in the behaviour between “European,
Turkish, American, Australian”; Iranian; South Asian; South East Asian; African;
and Arab?
Ho (null hypothesis): There is no significant difference in the behaviour
between “European, Turkish, American, Australian”; Iranian; South Asian; South
East Asian; African; and Arab.
Ha (alternative hypothesis): There is a significant difference in the
behaviour between “European, Turkish, American, Australian”; Iranian; South
Asian; South East Asian; African; and Arab.
Differences

Behaviour

Groups (Muttawiffy)

N

Mean
Rank

Muttawiffy Turkey, Europe,
America, Australia

138

840.79

Muttawiffy Iran

89

1652.87

Muttawiffy South Asia

576

1039.85

Muttawiffy South East Asia

233

773.98

Muttawiffy Africa

223

798.37

ChiSquare

Df

Asymp
. Sig.

202.477

5

.000

Muttawiffy Arab Countries
681
972.55
Table 6.7 Difference in the users behaviour between Muttawiffy groups

Kruskal–Wallis H test: The Kruskal–Wallis was conducted to compare the
difference in the behaviour between “European, Turkish, American, Australian”;
Iranian; South Asian; South East Asian; African; and Arab. Table 6.7 and Figure
6.7 showed that there was a statistically significant difference in behaviour χ2(2)
= 202.477, p= .000 with a mean rank of M= 840.79 for Muttawiffy (Turkey, Europe,
America and Australia); M= 1652.87 for Muttawiffy (Iran); M= 1039.85 for
Muttawiffy (South Asia); M= 773.98 for Muttawiffy (South East Asia); M= 798.37
for Muttawiffy (Africa); and M= 972.55 for Muttawiffy (Arab Countries).
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Mean Rank
= 840.79

Mean Rank
= 1039.85

Mean Rank
= 773.98

Mean Rank
= 798.37

Mean Rank
= 972.55
Mean Rank
= 1652.87

Figure 6.7 Mean rank of users behaviour for Muttawiffy Groups

Dunn’s post hoc tests are also carried out on each pair of groups. The
pairwise comparisons for the users behaviour for Muttawiffy Groups are shown
in Figure 6.9 which shows the results of the Dunn-Bonferroni tests on each pair
of groups.
The null hypothesis states that there is no significant difference in the
behaviour between “European, Turkish, American, Australian”; Iranian; South
Asian; South East Asian; African; and Arab. Since the p-value is less than the
significance level of 0.05, there is significant evidence to reject the null
hypothesis. This concludes that there is a significant difference in the behaviour
between “European, Turkish, American, Australian”; Iranian; South Asian; South
East Asian; African; and Arab.

Figure 6.8 Hypothesis test result for differences in the user's behaviour between Muttawiffy groups
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Figure 6.9 Pairwise Comparison of Muttwiffy Groups

6.4.2 Differences in the Perceived Safety and Among Levels of Education
Is there a significant difference in the perception of safety between welleducated, moderately educated, fairly educated and not educated?
Ho (null hypothesis): There is no significant difference in the perception
of safety between well-educated, moderately educated, fairly educated and not
educated.
134

Ha (alternative hypothesis): There is a significant difference in the
perception of safety between well-educated, moderately educated, fairly
educated and not educated.
Differences

Education

N

Mean Rank

Can't Read and Write
(Not educated)

490

1036.36

ChiSquare

Middle/High School
684
915.54
14.254
(Fairly Educated)
Bachelor (Moderately
625
985.67
educated)
Master or PhD (Well
141
940.95
educated)
Table 6.8 Difference in the safety perception between levels of education
Safety
perception

df

Asymp. Sig.

3

.003

Kruskal–Wallis H test: The Kruskal–Wallis was conducted to compare the
difference in the perception of safety between the education levels. Table 6.8 and
Figure 6.10 showed that there was a statistically significant difference in the
perception of safety χ2(2) = 14.254, p= .003 with a mean rank of M= 1036.36 for
people who Cannot Read and Write, M= 915.54 for Middle/High School, M=
985.67 for Bachelor, M= 940.95 for Master or PhD.

Mean Rank =
1036.36

Mean Rank =

Mean Rank =

Mean Rank =

985.67

940.95

915.54

Figure 6.10 Mean rank of perceived safety between the level of education

The null hypothesis states that there is no significant difference in the
perception of safety between well-educated, moderately educated, fairly
educated and not educated. Since the p-value is less than the significance level
of 0.05, there is significant evidence to reject the null hypothesis. This concludes
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that there is a significant difference in the perception of safety between welleducated, moderately educated, fairly educated and not educated.

Figure 6.11 Hypothesis test result for differences in the perceived safety between the level of
education

6.4.3 Differences in the Perceived Safety and Users Behaviour Among
Users Familiarity
Differences in the level of perceived safety:
Research Question: Is there a significant difference in the level of
perception of safety between familiarity and non-familiarity to the environment?
Ho (null hypothesis): There is no significant difference in the perception
of safety between users who are familiar and not familiar with the environment.
Ha (Alternative hypothesis): There is a significant difference in the
perception of safety between users who are familiar and not familiar with the
environment.
Differences

Safety
perception

Groups
(Familiarity)

N

Mean Rank

None Familiar

496

982.56

Familiar

1444

966.36

ChiSquare

df

Asymp.
Sig.

.310

1

.578

Table 6.9 Difference in the perceived safety between familiarity

Kruskal–Wallis H test: The Kruskal–Wallis was conducted to compare
the difference in the perception of safety between users who are familiar and not
familiar with the environment. Table 6.9 and Figure 6.12 showed that there was
no a statistically significant difference in the perception of safety χ2(2) = .310, p=
.578 with a mean rank of M= 982.56 for not familiar, and M= 966.36 for familiar.
The null hypothesis states that there is no significant difference in the perception
of safety between users who are familiar and not familiar with the environment.
Since the p-value is greater than the significance level of 0.05, there is significant
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evidence to accept the null hypothesis. This concludes that there is no significant
difference in the perception of safety between users who are familiar and not
familiar with the environment.

Mean Rank =

Mean Rank =

966.36

982.56

Figure 6.12 Mean rank of perceived safety between familiarities

Figure 6.13 Hypothesis test result for differences in the perceived safety between familiarities

Differences in the level of behaviour:
Is there a significant difference in the behaviour of the users between
familiarity and non-familiarity to the environment?
Ho (null hypothesis): There is no significant difference in the behaviour
of the users between familiar and non-familiar to the environment.
Ha (Alternative hypothesis): There is a significant difference in the
behaviour of the users between familiar and non-familiar to the environment.
Differences

Groups
(Familiarity)

N

Mean Rank

Not Familiar to
Hajj

496

981.19

Familiar to Hajj

1444

966.83

Behaviour

ChiSquare

df

Asymp.
Sig.

.248

1

.619

Table 6.10 Difference in the users behaviour between familiarities

137

Kruskal–Wallis H test: The Kruskal–Wallis was conducted to compare
the difference in the behaviour of the users between familiar and non-familiar to
the environment. Table 6.10 and Figure 6.14 showed that there was no a
statistically significant difference in the behaviour of the users χ2(2) = .248, p=
.619 with a mean rank of M= 981.19 for non-familiar, and M=966.83 for familiar.
The null hypothesis states that there is no significant difference in the
behaviour of the users between familiar and non-familiar to the environment.
Since the p-value is greater than the significance level of 0.05, there is significant
evidence to accept the null hypothesis.

Mean Rank =
Mean Rank =

966.83

981.19

Figure 6.14 Mean rank of users behaviour between familiarities

This concludes that there is no significant difference in the perception of
safety between users who are familiar and not familiar with the environment.

Figure 6.15 Hypothesis test result for differences in the users behaviour between familiarities
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6.4.4 Differences in the Perceived Safety and Users Behaviour Among
Attendance Mode
Differences in the level of perceived safety:
Research question: Is there a significant difference in the level of
perception of safety between the attendance Mode (Individually, Family, Group)?
Ho (null hypothesis): There is no significant difference in the perception
of safety between the attendance Mode (Individually, Family, Group).
Ha (alternative hypothesis): There is a significant difference in the
perception of safety between the attendance Mode (Individually, Family, Group).
Kruskal–Wallis H test: The Kruskal–Wallis was conducted to compare
the difference in the perception level of feeling unsafe between the attendance
Mode (Individually, Family, Group). The Table and Figure below showed that
there was a statistically significant difference in the perception of safety χ2(2) =
25.164, p<0.05, with a mean rank of M= 989.03 for individually, M= 1032.80 for
family, and M= 890.41 for the group.
Differences

Safety
perception

Tawaf
Group

N

Mean Rank

Individually

419

989.03

With Family

801

1032.80

With Group

720

890.41

Chi-Square

df

Asymp. Sig.

25.164

2

.000

Table 6.11 Difference in the safety perception between attendance mode

Mean Rank =

Mean Rank =

989.03

1032.80

Mean Rank =
890.41

Figure 6.16 Mean rank of perceived safety between attendance mode
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The null hypothesis states that there is no significant difference in the
perception of safety between the attendance Mode (Individually, Family, Group).
Because the p-value is less than the significance level of 0.05, there is significant
evidence to reject the null hypothesis. This concludes that there is a significant
difference in the perception of safety between the attendance Mode (Individually,
Family, Group).

Figure 6.17 Hypothesis test result for differences in the perceived safety between attendance mode

Differences in the level of behaviour:
Research question: Is there a significant difference in the behaviour of
the users between the attendance Mode (Individually, Family, Group)?
Ho (null hypothesis): There is no significant difference in the behaviour
of the users between the attendance Mode (Individually, Family, Group).
Ha (alternative hypothesis): There is a significant difference in the
behaviour of the users between the attendance Mode (Individually, Family,
Group).
Kruskal–Wallis H test: The Kruskal–Wallis was conducted to compare the
difference in the behaviour of the users between the attendance Mode
(Individually, Family, Group). The Table and Figure showed that there was a
statistically significant difference in the behaviour of the users χ2(2) = 6.882, p=
.032 with a mean rank of M= 909.68 for individually, M= 978.32 for family, and
M= 997.20 for the group.
Differences

Behaviour

Groups
(attendance
mode)

N

Mean
Rank

Individually

419

909.68

With Family

801

978.32

With Group

720

997.20

ChiSquare

df

Asymp.
Sig.

6.882

2

.032

Table 6.12 Difference in the users behaviour between attendance mode
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Mean Rank =

Mean Rank

Mean Rank =

909.68

= 978.32

997.20

Figure 6.18 Mean rank of users behaviour between attendance mode

The null hypothesis states that there is no significant difference in the
behaviour of the users between the attendance Mode (Individually, Family,
Group). Since the p-value is less than the significance level of 0.05, there is
significant evidence to reject the null hypothesis. This concludes that there is a
significant difference in the behaviour of the users between the attendance Mode
(Individually, Family, Group).

Figure 6.19 Hypothesis test result for differences in the user's behaviour between attendance mode

6.5

Conclusion
This chapter presented the descriptive analysis of the respondents

including demographic data, and respondents experience during Hajj and Tawaf.
The data screening (missing data and normality test) confirms that the collected
data is clean and there was no missing data found. The data involved a sample
size of 1,940 pilgrims from different nationalities during the Hajj period. The mean
age of the respondents was 42.44, with a minimum age of 21 and a maximum of
60 years old. The majority of the age of the respondents were within the range of
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31-55 years (82.1%). The analysis showed that 62 different nationalities
responded to the questionnaire. Among the respondents, 25.3% cannot read and
write, and only 7.3% had higher degree either master or PhD. Majority of the
respondents about 74.4% had visited Makkah before and were familiar to the Hajj
event. The results showed that most of the respondents had performed their
Tawaf at the ground floor (72.7%) and the majority of them were with the group
and family. The mean distribution of the majority of the variables was found to be
greater than 3 which seems to suggest that majority of the participants had a
negative perception about the safety in the large space buildings.
The chapter also presented the results of the Kruskal-Wallis H test and
Dunn’s post hoc test. The results included the variances in perceived safety and
user behaviour among nationalities, education categories, Hajj experience, and
Tawaf attendance mode (Individually, in Family, or in Group). It was found that
there was a statistically significant difference in the perception of safety and users
behaviour in crowded large space buildings between “European, Turkish,
American, Australian”; Iranian; South Asian; South East Asian; African; and Arab
people. It was also shown that the difference in the perception of safety varies
between those who were well-educated, moderately educated, fairly educated
and not educated. The difference in the perception of safety and behaviour of the
users between the attendance Mode (Individually, Family, Group), while in
crowded large space building was also a statistically significant. However, there
was no significant difference in the perception of safety and user behaviour
between the users who were familiar and not familiar to the environment.
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Chapter 7 Data Analysis II Confirmatory Factor Analysis (CFA)
7.1

Introduction
The purpose of this chapter is to test the fitness of the Confirmatory Factor

Analysis (CFA) model and assess the unidimensionality, convergent and
discriminant validity, as well as the reliability for the model before and after
constraints. The result of the assessment of the measurement model must show
solid evidence of unidimensionality, convergent validity, discriminant validity, and
reliability before proceeding with further analysis and testing the hypotheses. The
consistency reliability analysis was conducted using the Statistical Packages for
the Social Sciences (SPSS) version 22. While the CFA was carried out using
Analysis of Moment Structure (AMOS) software version 22 to evaluate the fitness
of the model.
Having ensured that the collected data was clean and normally distributed,
the Kaiser-Meyer-Olkin (KMO) and Bartlett's Test was used to check whether the
data was appropriate to continue with a CFA procedure (Raston et al., 2010).
KMO and Bartlett's Test of Sphericity, as shown in Table 7.1, indicates that all
values of independent and dependent variables have achieved the minimum level
of 0.60 with a significant p-value of p<0.05.
Variables

Kaiser-Meyer-Olkin Measure
of Sampling Adequacy

Bartlett's Test of Sphericity
Approx. Chi-Square

DF

P-value

PF

.897

7078.170

15

.000

PPI

.887

7012.245

10

.000

PIS

.837

4611.010

10

.000

PPRTM

.844

4576.378

10

.000

PRS

.743

2673.446

15

.000

PRR

.713

1856.586

3

.000

PRSF

.717

1854.211

6

.000

PRTA

.811

3207.841

6

.000

PRE

.667

1736.834

3

.000

PRND

.748

2474.099

10

.000

PS

.861

4748.904

28

.000

.806

3989.596

10

.000

UB
Table 7.1 KMO and Bartlett's Test
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7.2

Confirmatory Factor Analysis(CFA) Before Constraints
Confirmatory Factor Analysis (CFA) is applied to test the theoretical

pattern of the variables loading on specific constructs and to show how well the
theoretical specification of the factors can match the reality (the actual data). It
does not specify variables to factors instead the factors are determined by the
researcher based on the theory being tested prior to any results being obtained.
CFA enables the research to accept or reject the theory that has been studied
(Hair et al., 2010).
When undertaking a CFA, it is necessary to assess the unidimensionality,
convergent and discriminant validity, as well as reliability (Awang, 2015). The
CFA has to be performed for all latent constructs prior to modelling the
interrelationship in SEM. The unidimensionality should be made first before
assessing

the

convergent

and

discriminant

validity,

and

reliability.

Unidimensionality refers to the measurement items that have an acceptable
factor loading for the latent construct which is 0.60 and above (Awang, 2015; Hu
and Bentler, 1999).
The CFA results as shown in Figure 7.1 presents 12 latent constructs that
includes Perceived Force (PF), Perceived Poor Information (PPI), Perceived
Insufficient Space (PIS), Perceived Poor Real Time Management (PPRTM),
Perceived risk of Stampede (PRS), Perceived risk of Riot (PRR), Perceived risk
of Structural Failure (PRSF), Perceived risk of Terrorist Attack (PRTA), Perceived
risk of Explosion (fire/chemical) (PRE), Perceived risk of Natural Disaster
(PRND), Crowd (Users) Behaviour (UB) and Perceived Safety (PS).
Majority of the factors loading for each item in Figure 7.1 have achieved
the recommended value which is 0.60 as stated earlier. However, the results also
revealed that there several other items that are below 0.60, which must be
deleted from the model before proceeding to the next stage of analysis. (Awang,
2015) argued that “in order to ensure unidimensionality of a measurement model,
any item with a low factor loading less than 0.60 should be deleted”
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Figure 7.1 Confirmatory Factor Analysis (CFA) for all constructs before constraints

7.2.1 Convergent Validity
To establish convergent validity, the model fit must be adequate, and the
average variance extracted (AVE) must exceed 0.50 (Hair et al., 2010). AVE
verifies whether answers from different respondents to question-statements are
sufficiently correlated with the respective latent variables. For acceptable model
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fit (Awang, 2015; Gaskin and Lim, 2016; Hu and Bentler, 1999) recommend a
chi-square/degree of freedom (CMIN/DF) between 1 and 5, comparative fit index
(CFI) ≥ 0.90, standardized root mean square residual (SRMR) ≤ 0.08, and root
mean square error of approximation (RMSEA) ≤ 0.06.
Table 7.2 provides the results of the model fit measures. The values
included in the Table indicate that the model is not fit because the measures of
CMIN/DF = 9.794, CFI = 0.816, SRMR = 0.100, RMSEA = 0.064 and PClose =
0.000 have not achieved the required level. The CFA results confirm that the
model is not accepted for further analysis.
Estimate

Threshold

Interpretation

Chi-square (CMIN) / Degrees of
freedom (DF)

9.794

Between 1 and 5

Bad fit

Comparative fit index (CFI)

0.816

>0.95

Bad fit

Standardised root mean square
residual (SRMR)

0.100

<0.08

Acceptable

Root mean square error of
approximation (RMSEA)

0.064

<0.06

Acceptable

0.000
P of Close Fit (PClos)
Table 7.2 Model Fit Measures before constraints

>0.05

Bad fit

Measure

In terms of the results of AVE for all constructs as illustrated in Table 7.4
also have not achieved the standard minimum required level of 0.50.
7.2.2 Discriminant Validity
To establish discriminant validity, three criteria must be met (Gaskin,
2016a; Hair et al., 2010). The Fornell-Larcker test needs the square root AVE for
each construct to be greater than any inter-construct correlations (Fornell and
Larcker, 1981). The constructs for this test have not met this criterion. The square
root of the AVE of the constructs is less than their estimates of correlation as
presented in Table 7.3.
The other two criteria for discriminant validity that must also be met are the
Maximum Shared Squared Variance (MSV) and Average Shared Squared
Variance (ASV). Hair et al. (2010) recommend that MSV and ASV must be less
than the results of AVE (MSV<AVE, ASV< AVE). The results of ASV and MSV
as detailed in Table 7.4 indicate that the measurement model is not valid.
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Construct

PF

PPI

PIS

PPRTM

PRS

PRR

PRSF

PRTA

PRE

PRND

UB

PF

.785

PPI

.706

.839

PIS

.738

.658

.753

PPRTM

.78

.785

.804

.756

PRS

.713

.566

.627

.732

.585

PRR

.621

.602

.591

.695

.73

.766

PRSF

.428

.285

.348

.358

.176

.373

.661

PRTA

.606

.587

.578

.604

.48

.55

.485

.77

PRE

.477

.477

.447

.455

.337

.51

.364

.683

.755

PRND

.242

.332

.322

.352

.329

.286

-.16

.041

.019

.637

UB

.775

.649

.701

.75

.731

.718

.345

.582

.512

.35

.718

.609 .603 .501
.651
.577 .656
PS
Table 7.3 Discriminant Validity Fornell-Larcker test

.351

.708

.64

.183

.725

PS

.625

7.2.3 Reliability and Construct Validity
Table 7.4 presents the results of the reliability and construct validity test.
Two reliability tests have been undertaken for this study: Composite Reliability
(CR) and Cronbach’s alpha. This study has used both tests to guarantee the
reliability of the data before conducting any further analysis. Chin et al. (2003)
claimed that CR is more accurate than Cronbach’s alpha because it does not
assume that the loadings or error terms of the items are equal. Both the tests of
CR and Cronbach’s Alpha require the standard minimum threshold of 0.60 and
0.70 respectively to be met (Gaskin, 2016b; Peterson and Peterson, 1994).
ASV

Convergent
validity
CR > AVE
AVE > 0.50

Discriminant
validity
MSV < AVE
ASV < AVE

0.608

0.40

Yes

Yes

0.703

0.616

0.34

Yes

Yes

0.865

0.566

0.647

0.35

Yes

No

0.865

0.571

0.647

0.43

Yes

No

0.75

0.342

0.536

0.33

No

No

0.804

0.81

0.587

0.533

0.35

Yes

Yes

0.713

0.746

0.437

0.235

0.12

No

Yes

PRTA

0.843

0.853

0.592

0.502

0.32

Yes

Yes

PRE

0.780

0.798

0.570

0.466

0.23

Yes

Yes

PRND

0.744

0.764

0.405

0.124

0.07

No

Yes

UB

0.841

0.84

0.515

0.601

0.41

Yes

No

0.828
0.835
0.391
PS
Table 7.4 Reliability and construct validity

0.526

0.34

No

Yes

Cronbach
(above 0.7)

CR
(above
0.60)

AVE
(above
0.50)

MSV

PF

0.907

0.906

0.616

PPI

0.922

0.922

PIS

0.866

PPRTM

0.858

PRS

0.740

PRR
PRSF

Constructs
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In terms of convergent and discriminant validity and reliability of results,
the measures as shown in the Tables above indicate that the convergent and
discriminant validity did not meet the required level. In contrast, the result of the
CR and Cronbach’s alpha have exceeded the required level of 0.60 and 0.70
confirming the reliability of the model.

Figure 7.2 Confirmatory Factor Analysis (CFA) for all constructs after constraints

Overall, the result of the model measurement does not show solid
evidence of unidimensionality, convergent and discriminant validity. Therefore,
according to (Awang et al., 2015), the Modification Indices (MI) should be
checked in order to obtain a good model fit. When MI is over 15, it should be
considered as a high multi-collinearity problem. To solve the problem, it is
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recommended to delete either the affected factor loadings or covarying error
terms and to run the model one at a time until obtaining a new measurement
model that fits.
7.3

Confirmatory Factor Analysis (CFA) After Constraints
By deleting the redundant items or those with low factor loading and the

covarying error terms, the poor fit initial model shown in Figure 7.1 has been
transformed into a good fit model shown in Figure 7.2, which presents the CFA
model after the constraints. At first, the fitness requirement failed to meet the
required level, thus some modifications have been made based on Modification
Indices (MI). Several items have been deleted one at a time, and others have
been covarying the errors terms with the purpose of achieving the minimum
fitness index.
7.3.1 Convergent Validity
To establish convergent validity as mentioned before, the model fit must
be adequate, and the average variance extracted (AVE) must exceed 0.50. The
results of the model fit measures as included in Table 7.5, which indicates that
the model is fit and all measures of CFI = 0.951 SRMR = 0.040, and RMSEA =
0.043 have achieved the required level. Also, the results of AVE for all constructs
as illustrated in Table 7.7 have achieved the standard minimum required level of
0.50.
Measure

Estimate

Threshold

Interpretation

Chi-square (CMIN) / Degrees of freedom
(DF)

4.563

Between 1 and 5

Acceptable

Comparative fit index (CFI)

0.951

>0.95

Good fit

Standardised root mean square residual
(SRMR)

0.040

<0.08

Good fit

Root mean square error of
approximation (RMSEA)

0.043

<0.06

Good fit

1.000

>0.05

Good fit

P of Close Fit (PClos)
Table 7.5 Fit Indices

7.3.2 Discriminant Validity
As stated earlier, to establish discriminant validity three criteria must be
met: Fornell-Larcker test, Maximum Shared Squared Variance (MSV) and
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Average Shared Squared Variance (ASV) (Gaskin, 2016a; Hair et al., 2010).
Since the square root of the AVE of the constructs is greater than their estimates
of correlation, the Fornell-Larcker test has been achieved as shown in Table 7.6.
Construct

PF

PPI

PIS

PPRTM

PRS

PRR

PRSF

PRTA

PRE

PRND

UB

PF

.802

PPI

.735

.835

PIS

.746

.524

.77

PPRTM

.797

.591

.528

.820

PRS

.671

.234

.439

.559

.753

PRR

.637

.551

.317

.046

.244

.760

PRSF

.355

.47

.637

.389

.459

.644

.737

PRTA

.579

.292

.688

.257

.34

.028

.39

.794

PRE

.469

.753

.305

.187

-.168

.6

.572

.276

0.766

PRND

.273

.548

.577

.331

.637

.649

.378

.509

0.72

.770

UB

.655

.587

.484

.532

-.002

.316

.518

.556

0.587

.671

.780

.81
.26 .289
.505
-.017 .566
PS
Table 7.6 Discriminant Validity Fornell-Larcker test

.532

.328

0.708

.611

.765

PS

.707

With regards to the Maximum Shared Squared Variance (MSV) and
Average Shared Squared Variance (ASV), as detailed in Table 7.7, the MSV and
ASV are less than the results of AVE (MSV<AVE, ASV< AVE) which implies that
the measurement model is valid.

0.38

Convergent
validity
CR > AVE
AVE > 0.50
Yes

Discriminant
validity
MSV < AVE
ASV < AVE
Yes

0.656

0.32

Yes

Yes

0.567

0.31

Yes

Yes

0.672

0.656

0.39

Yes

Yes

0.566

0.45

0.23

Yes

Yes

0.803

0.577

0.518

0.31

Yes

Yes

0.779

0.543

0.21

0.09

Yes

Yes

0.836

0.63

0.421

0.28

Yes

Yes

0.810

0.587

0.406

0.21

Yes

Yes

0.721

0.740

0.592

0.1

0.05

Yes

Yes

0.786

0.823

0.609

0.586

0.36

Yes

Yes

0.766
0.749
0.50
PS
Table 7.7 Reliability and construct validity

0.421

0.25

Yes

Yes

Cronbach
(above 0.7)

CR
(above
0.60)

AVE
(above
0.50)

MSV

ASV

PF

0.886

0.878

0.643

0.636

PPI

0.922

0.920

0.697

PIS

0.824

0.811

0.593

PPRTM

0.866

0.860

PRS

0.748

0.795

PRR

0.804

PRSF

0.774

PRTA

0.833

PRE

0.780

PRND
UB

Constructs

7.3.3 Reliability and Construct Validity
Table 7.7 Presents the results of the reliability and construct validity test.
The reliability tests of CR and Cronbach’s alpha have met the standard minimum
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threshold of 0.60 and 0.70 respectively confirming the reliability of the
measurement model. This indicates the acceptability of internal consistency and
confirms that all the items used in the model are technically free from the errors
(Hair et al., 2010).
In terms of convergent and discriminant validity and reliability results, the
measures as shown in the Tables above indicate that the convergent and
discriminant validity have met the required level.
Constructs

Items

Breathing Difficulties
Crowd Pushing
PF
Movement Difficulties
Crowd Pressure
Insufficient Health and Safety Information
Poor Communication
Insufficient Signs
PPI
Poor Signs Visibility
Inadequate Warning Signs
High Density at Activities Areas
Availability and Distribution of Stairs, Escalators and Lifts
PIS
High Density at Entrances and Exits
Poor Crowd Flows Control
Poor Real Time Information and Intervention
PPRTM
Long Waiting Time
Rushing
Blockage Pathways and Stairways
PRS
Movement in A Large Group
Users Act Aggressively Towards the Police
Police and Security Personnel Act Aggressively Towards the Users
PRR
Users Act Aggressively Against Each Other
Failure of The Ventilation Systems
Power Cuts
PRSF
Fall and Collapse of Parts or Equipment or Tools
Poor Security Checks at The Entrances
Absence of Security at the Courtyards
PRTA
Absence of Security In the Activities Areas
Electrical Cables Laying Around Randomly
Fire outbreak
PRE
Lack of Firefighting Systems
Sunstroke
PRND
High Temperatures
Bad Behaviour
Cognitive Anxiety
UB
Stress
Perceived Risk of Damaged Facilities
Perceived Risk of Falls, Slips and Trips
PS
Perceived Risk of Trampling or Stampede
Table 7.8 Factor loading for all constructs

Factor Loading
0.78
0.81
0.79
0.81
0.80
0.82
0.88
0.85
0.83
0.71
0.90
0.67
0.81
0.83
0.82
0.73
0.84
0.67
0.76
0.74
0.77
0.65
0.75
0.81
0.75
0.83
0.80
0.72
0.79
0.78
0.65
0.87
0.70
0.81
0.82
0.64
0.73
0.75

Based on the above results of the analysis, it clearly shows that all the
items listed in Table 7.8 on each construct of the study are reliable and
151

recommended confirming that the model has got enough measurement
properties. Overall, the result of the assessment of the measurement model
shows solid evidence of unidimensionality, convergent validity, discriminant
validity, and reliability hence it can proceed with further analysis.
7.4

Conclusion
This chapter discussed the empirical results of the data. Having ensured

that the collected data was clean and normally distributed, the Kaiser-MeyerOlkin (KMO) and Bartlett's Test was used to ensure the quality of the data
whether the data was appropriate to continue with a CFA. The fitness of the
Confirmatory Factor Analysis (CFA) was tested, and the unidimensionality,
convergent and discriminant validity, as well as the reliability of the model, were
assessed. The CFA model presented 12 latent constructs which includes
Perceived Force, Perceived Poor Information, Perceived Insufficient Space,
Perceived Poor Real Time Management, Perceived risk of Stampede, Perceived
risk of Riot, Perceived risk of Structural Failure, Perceived risk of Terrorist Attack,
Perceived risk of Explosion and Perceived risk of Natural Disaster, Perceived
Safety and User Behaviour. The result of the assessment of the measurement
model shows solid evidence of unidimensionality, convergent validity,
discriminant validity, and reliability hence it can proceed with further analysis.
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Chapter 8 Data Analysis III Testing the Hypotheses
8.1

Introduction
The purpose of this chapter is to test the direct and indirect effect of the

hypotheses. It presents the proposed Structural Equation Modeling (SEM) and
discusses the results of testing the hypotheses. SEM was chosen as a statistical
technique for several reasons: Firstly, this study attempts to establish the
relationship between the perceived safety and user behaviour; latent variables
are encountered that cannot be measured directly. Secondly, it is a powerful tool
that can test the model fit to the data and at the same take into account any
measurement error (unreliability) for each latent variable of the constructs being
estimated (Choi, 2013).
8.2

Structural Equation Modeling (SEM)
The structural model as shown in Figure 8.1 presents the interrelationship

among the variables. It consists of 10 unobserved exogenous constructs
(Perceived Force, Perceived Poor Information, Perceived Insufficient Space,
Perceived Poor Real Time Management, Perceived risk of Stampede, Perceived
risk of Riot, Perceived risk of Structural Failure, Perceived risk of Terrorist Attack,
Perceived risk of Explosion and Perceived risk of Natural Disaster) and two
unobserved endogenous constructs (Perceived Safety and Users Behaviour). As
established in the previous chapter, the model contains 38 items with acceptable
factor loading greater than 0.60. Based on the fit indexes, the model is a good fit
and all measures of the comparative fit index (CFI) = 0.979, standardised root
mean square residual (SRMR) = 0.032, and root mean square error of
approximation (RMSEA) = 0.043 have achieved the required level. (Awang, 2015;
Hu and Bentler, 1999) recommend a CFI ≥ 0.90, SRMR ≤ 0.08, and RMSEA ≤
0.06 for acceptable model fit. Consequently, the model is accepted for further
analysis and testing the hypothesis.
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Figure 8.1 The Proposed Structural Model
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8.2.1 Testing Direct Effect
8.2.1.1 Perceived Force (PF) on Perceived Safety PS)
The path coefficient between PF and PS is significant at 0.229 (p<0.001).
This value indicates that for every one-unit increase in the PF, its effect on PS
would increase by 0.229 units. This was for hypothesis number “one”, which
stated (H1a): Perceived force has a significant direct influence on perceived
safety.
8.2.1.2 Perceived Poor Information (PPI) on Perceived Safety (PS)
The path coefficient of PPI on PS is not significant at -0.026 (p<0.207).
This value indicates that for every one-unit increase in the PPI, its effect on PS
would decrease by 0.207 units. This is related to hypothesis two, which stated
(H2a): Perceived poor information has a significant direct influence on perceived
safety.
8.2.1.3 Perceived Insufficient Space (PIS) on Perceived Safety (PS)
The path coefficient of PIS to PS is 0.003 not statistically significant
(p<0.882). This reflects the result of hypothesis number three, (H3a): Perceived
insufficient space has a significant direct influence on perceived safety.
8.2.1.4 Perceived Poor Real-Time Management (PPRTM) on perceived
safety (PS)
PPRTM has a significant positive effect on PS (β = 0.076, p<0.011). This
is related to hypothesis number four, which stated (H4a): Perceived poor realtime management has a significant direct influence on perceived safety.
8.2.1.5 Perceived Risk of Stampede (PRS) on Perceived Safety (PS)
PRS has a positive effect on PS (β = 0.035, p<0.039). This reflects the
result of hypothesis number five, which stated (H5a): Perceived risk of stampede
has a significant direct influence on perceived safety.
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8.2.1.6 Perceived Risk of Riot (PRR) on Perceived Safety (PS)
PRR is positively associated with PS (β = 0.19, p<0.001). This related to
hypothesis number six, which stated (H6a): Perceived risk of the riot has a
significant direct influence on perceived safety.
8.2.1.7 Perceived Risk of Structural Failure (PRSF) on Perceived Safety
(PS)
There is no significant relationship between PRSF and PS (β = -0.002,
p<0.925). It does not support hypothesis number seven (H7a) Perceived risk of
structural failure has a significant direct influence on perceived safety
8.2.1.8 Perceived Risk of Terrorist Attack (PRTA) on Perceived Safety (PS)
PRTA has a significant impact on PS (β = 0.073, p<0.001). It supports the
hypothesis number eight (H8a) Perceived risk of terrorist attack has a significant
direct influence on perceived safety.
8.2.1.9 Perceived Risk of Explosion (PRE) on Perceived Safety (PS)
The path coefficient of PRE to PS is 0.116 statistically significant
(p<0.001). This hypothesis is supported (H9a): Perceived risk of the explosion
has a significant direct influence on perceived safety.
8.2.1.10 Perceived Risk of Natural Disaster (PRND) on Perceived Safety
(PS)
There is a significant relationship between PRND and PS (β = 0.048,
p<0.031). This is related to hypothesis number ten, which stated (H10a):
Perceived risk of natural disaster has a significant direct influence on perceived
safety.
8.2.1.11 Perceived Safety (PS) on User Behaviour (UB)
The path coefficient between PS and UB is significant at 1.259 (p<0.001).
This was for hypothesis number “eleven”, which stated (H11a): Perceived safety
has a significant direct influence on user behaviour.
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Constructs

Estimate

S.E.

C.R.

P

Result

PS

<---

PF

0.229

0.031

7.507

***

Significant

PS

<---

PPI

-0.026

0.021

-1.263

0.207

Not Significant

PS

<---

PIS

0.003

0.019

0.148

0.882

Not Significant

PS

<---

PPRTM

0.076

0.03

2.543

0.011

Significant

PS

<---

PRS

0.035

0.017

2.068

0.039

Significant

PS

<---

PRR

0.19

0.021

8.976

***

Significant

PS

<---

PRSF

-0.002

0.019

-0.095

0.925

Not Significant

PS

<---

PRTA

0.073

0.021

3.442

***

Significant

PS

<---

PRE

0.116

0.02

5.847

***

Significant

PS

<---

PRND

0.048

0.022

2.161

0.031

Significant

<--PS
1.259
0.059
UB
Table 8.1 The significant effect among the constructs

21.489

***

Significant

Table 8.1 shows the path and its coefficient as well as the significance for
that particular path. It presents the effect of each exogenous construct on the
respective endogenous construct. The results reveal that all the independent
variables have a significant effect on perceived safety except three independent
variables: PPI perceived poor information (P=0.207), PIS perceived insufficient
space (P=0.882), and PRSF Perceived risk of structural failure (P=0.925).
Hypothesis Statement

Decision

H1a

Perceived force has a direct significant influence on perceived safety.

Supported

H2a

Perceived poor information has a significant direct influence on perceived safety.

Rejected

H3a

Perceived insufficient space has a significant direct influence on perceived safety

Rejected

H4a

Perceived poor real-time management has a significant direct influence on
perceived safety.

Supported

H5a

Perceived risk of stampede has a significant direct influence on perceived safety.

Supported

H6a

Perceived risk of the riot has a significant direct influence on perceived safety.

Supported

H7a

Perceived risk of structural failure has a significant direct influence on perceived
safety.

Rejected

H8a

Perceived risk of terrorist attack has a significant direct influence on perceived
safety.

Supported

H9a

Perceived risk of the explosion has a significant direct influence on perceived
safety.

Supported

H10a

Perceived risk of natural disaster has a significant direct influence on perceived
safety.

Supported

H11a Perceived safety has a significant direct influence on user behaviour.
Table 8.2 Results of the Hypothesis direct effect relationships
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Supported

As shown in Table 8.2 H2a (P=0.207) is rejected which can be interpreted
as “the information provided to the pilgrims during Hajj event could be sufficient
which does not drive the pilgrims to feel unsafe”. H3a is also rejected (P=0.882)
which means that the space provided in the Holy Mosque or the resulting high
crowd density does not affect the pilgrim's perception of feeling unsafe. H7a is
also rejected (P=0.925) that can be interpreted that pilgrim’s perception of the
possibility of structural and mechanical collapse does not have an effect on their
perception of feeling unsafe.
8.2.2 Testing Indirect Effect (Mediation)
Following on from the results of the direct effect of seven independent
variables on PS and PS on UB, shown in Table 8.1, the study went further to
examine the mediation effect (indirect effect) on the relationship between the
independent and its dependent variables in the model. According to Gaskin
mediation “means that the effect of one variable on another is “transmitted” (at
least in part) via a third/intervening variable. Computationally, it is the product of
at least two paths that can be traced from one variable to another”. In order to
analyse the mediation effects, two important effects must be recognised namely
direct and indirect effect.

The direct effect refers to the effect from an

independent variable that goes directly to the dependent variable while the
indirect effect is the effect that goes indirectly from independent to the dependent
variable through the mediator variable which can either be a partial or full
mediator.
To assess the existence of mediation effects, the study employed
resampling producer “Bootstrapping”. This test is required by researchers to reconfirm the results of the mediation, and it is especially used for testing the
indirect effect (Awang, 2015).

The mediation effects were tested using the

Maximum Likelihood Bootstrapping resamples procedure in AMOS 22 with
bootstrap samples of 2000, and 95% bias-corrected confidence intervals.
8.2.2.1 PS Mediate the Relationship Between PF and UB.
Table 8.3 contains the parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
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standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in Table 8.3 indicate
that the indirect effect of “PF” on “UB” was statistically significant (β= .289,
P=.001). By looking at the lower and upper limit of the confidence intervals (.204,
.386), it can be found that the zero falls outside the confidence intervals. If zero
(the null) falls within the interval, it fails to reject the null. Since the zero falls
outside the confidence intervals, there is significant evidence to reject the null
and infer that the indirect effect is significant. The indirect effect was calculated
as the product of the paths from PF to PS and PS to UB. The Table also shows
that Bootstrap estimate for the mediation effect was not biased. The type of
mediation is a partial mediation since the direct and indirect effect are both
significant. It is therefore concluded that PS mediates the relationship between
PF and UB.
Maximum likelihood
Parameter

Estimate

Lower

Upper

P

Bootstrap
SE

SESE

Mean

Bias

SEBias

PF → PS →
.289
.204
.386
.001 .046 .001
.289 .001 .001
UB
Table 8.3 The Results of the Mediation Effect on the Relationship Between PF and UB

Type of
Mediation
Partial
Mediation

8.2.2.2 PS Mediate the Relationship Between PPI and UB.
Table 8.4 contains parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in Table 8.4 indicate
that the indirect effect of “PPI” on “UB” was statistically not significant (β= -.033,
P=.301). By looking at the lower and upper limit of the confidence intervals (-.098,
.028), it can be found that the zero falls within the confidence intervals, therefore,
there is significant evidence to accept the null and infer that the indirect effect is
not significant. The indirect effect was calculated as the product of the paths from
PPI to PS and PS to UB. The Table shows that Bootstrap estimate for the
mediation effect was not biased. The direct and indirect effect are both not
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significant, which concludes that PS does not mediate the relationship between
PPI and UB.
Maximum likelihood
Parameter

Estimate

Lower

Upper

P

Bootstrap
SE

SESE

Mean

Bias

SEBias

Type of
Mediation

No
PPI → PS
-.033
-.098
.028
.301 .032 .000 -.034
.001
.001
Mediation
→ UB
Table 8.4 The Results of the Mediation Effect on the Relationship Between PPI and UB

8.2.2.3 PS Mediate the Relationship Between PIS and UB.
Table 8.5 contains parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in Table 8.5 indicate
that the indirect effect of “PIS” on “UB” was statistically not significant (β= -.004,
P=.910). By looking at the lower and upper limit of the confidence intervals (-.057,
.061), it can be found that the zero falls within the confidence intervals, therefore,
there is significant evidence to accept the null and infer that the indirect effect is
not significant. The indirect effect was calculated as the product of the paths from
PIS to PS and PS to UB. The Table shows that Bootstrap estimate for the
mediation effect was not biased. The direct and indirect effect are both not
significant, which concludes that PS does not mediate the relationship between
PIS and UB.
Maximum likelihood
Parameter

Estimate

Lower

Upper

P

Bootstrap
SE

SESE

Mean

Bias

SEBias

PIS → PS
.004
-.057
.061
.910 .030 .000
.003
.001
.001
→ UB
Table 8.5 The Results of the Mediation Effect on the Relationship Between PIS and UB

Type of
Mediation
No
Mediation

8.2.2.4 PS Mediate the Relationship Between PPRTM and UB.
Table 8.6 contains parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in Table 8.6 indicate
that the indirect effect of “PPRTM” on “UB” was statistically significant (β= .096,
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P=.027). By looking at the lower and upper limit of the confidence intervals (.012,
.192), it can be found that the zero falls outside the confidence intervals. Thus,
there is significant evidence to reject the null and infer that the indirect effect is
significant. The indirect effect was calculated as the product of the paths from
PPRTM to PS and PS to UB. The Table also shows that Bootstrap estimate for
the mediation effect was not biased. The type of mediation is a partial mediation
since the direct and indirect effect are both significant. It is concluded that PS
mediates the relationship between PPRTM and UB.
Maximum likelihood
Parameter

Estimate

Lower

Upper

P

Bootstrap
SE

SESE

Mean

Bias

SEBias

Type of
Mediation

Partial
PPRTM →
.096
.012
.192
.027 .046 .001
.096 .001 .001
Mediation
PS → UB
Table 8.6 The Results of the Mediation Effect on the Relationship Between PPRTM and UB

8.2.2.5 PS Mediate the Relationship Between PRS and UB.
Table 8.7 contains parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in Table 8.7 indicate
that the indirect effect of “PRS” on “UB” was statistically not significant (β= -.044,
P=.065). By looking at the lower and upper limit of the confidence intervals (-.003,
.091), it can be found that the zero falls within the confidence intervals, therefore,
there is significant evidence to accept the null and infer that the indirect effect is
not significant. The indirect effect was calculated as the product of the paths from
PRS to PS and PS to UB. The Table shows that Bootstrap estimate for the
mediation effect was not biased. The direct and indirect effect are both not
significant, which concludes that PS does not mediate the relationship between
PRS and UB.
Maximum likelihood
Parameter

Estimate

Lower

Upper

P

Bootstrap
SE

SESE

Mean

Bias

SEBias

Type of
Mediation

No
PRS → PS
.044
-.003
.091
.065 .024 .000
.043 .000 .001
Mediation
→ UB
Table 8.7 The Results of the Mediation Effect on the Relationship Between PRS and UB
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8.2.2.6 PS Mediate the Relationship Between PRR and UB.
Table 8.8 contains parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in Table 8.8 indicate
that the indirect effect of “PRR” on “UB” was statistically significant (β= .239,
P=.001). By looking at the lower and upper limit of the confidence intervals (.183,
.304), it can be found that the zero falls outside the confidence intervals. Thus,
there is significant evidence to reject the null and infer that the indirect effect is
significant. The indirect effect was calculated as the product of the paths from
PRR to PS and PS to UB. The Table also shows that Bootstrap estimate for the
mediation effect was not biased. The type of mediation is a partial mediation since
the direct and indirect effect are both significant. It is concluded that PS mediates
the relationship between PRR and UB.
Maximum likelihood
Parameter

Estimate

Lower

Upper

P

Bootstrap
SE

SESE

Mean

Bias

SEBias

Type of
Mediation

Partial
PRR → PS
.239
.183
.304
.001 .030 .000
.240 .001 .001
Mediation
→ UB
Table 8.8 The Results of the Mediation Effect on the Relationship Between PRR and UB

8.2.2.7 PS Mediate the Relationship Between PRSF and UB.
Table 8.9 contains parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in Table 8.9 indicate
that the indirect effect of “PRSF” on “UB” was statistically not significant (β= -.002,
P=.947). By looking at the lower and upper limit of the confidence intervals (-.049,
.047), it can be found that the zero falls within the confidence intervals, therefore,
there is significant evidence to accept the null and infer that the indirect effect is
not significant. The indirect effect was calculated as the product of the paths from
PRSF to PS and PS to UB. The Table shows that Bootstrap estimate for the
mediation effect was not biased. The direct and indirect effect are both not
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significant, which concludes that PS does not mediate the relationship between
PRSF and UB.
Maximum likelihood
Parameter

Estimate

PRSF → PS
→ UB

-.002

Bootstrap

Lower

Upper

P

SE

SESE

Mean

Bias

SEBias

-.049

.047

.947

.025

.000

-.003

.001

.001

Type of
Mediation
No
Mediation

Table 8.9 The Results of the Mediation Effect on the Relationship Between PRSF and UB

8.2.2.8 PS Mediate the Relationship Between PRTA and UB.
Table 8.10 contains parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in the Table 8.10
indicate that the indirect effect of “PRTA” on “UB” was statistically significant (β=
.092, P=.005). By looking at the lower and upper limit of the confidence intervals
(.030, .150), it can be found that the zero falls outside the confidence intervals.
Thus, there is significant evidence to reject the null and infer that the indirect
effect is significant. The indirect effect was calculated as the product of the paths
from PRTA to PS and PS to UB. The Table also shows that Bootstrap estimate
for the mediation effect was not biased. The type of mediation is a partial
mediation since the direct and indirect effect are both significant. It is concluded
that PS mediates the relationship between PRTA and UB.
Maximum likelihood
Parameter

Estimate

Lower

Upper

P

Bootstrap
SE

SESE

Mean

Bias

SEBias

Type of
Mediation

Partial
PRTA → PS
.092
.030
.150
.005 .030 .000
.092 .000 .001
Mediation
→ UB
Table 8.10 The Results of the Mediation Effect on the Relationship Between PRTA and UB

8.2.2.9 PS Mediate the Relationship Between PRE and UB.
Table 8.11 contains parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in the Table 8.11
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indicate that the indirect effect of “PRE” on “UB” was statistically significant (β=
.146, P=.001). By looking at the lower and upper limit of the confidence intervals
(.094, .200), it can be found that the zero falls outside the confidence intervals.
Thus, there is significant evidence to reject the null and infer that the indirect
effect is significant. The indirect effect was calculated as the product of the paths
from PRE to PS and PS to UB. The Table shows that Bootstrap estimate for the
mediation effect was not biased. The type of mediation is a partial mediation since
the direct and indirect effect are both significant. It is concluded that PS mediates
the relationship between PRE and UB.
Maximum likelihood
Parameter

Estimate

Lower

Upper

P

Bootstrap
SE

SESE

Mean

Bias

SEBias

Type of
Mediation

Partial
PRE → PS
.146
.094
.200
.001 .027 .000
.146 .000 .001
Mediation
→ UB
Table 8.11 The Results of the Mediation Effect on the Relationship Between PRE and UB

8.2.2.10 PS Mediate the Relationship Between PRND and UB.
Table 8.12 contains parameter estimate for the regression weight, upper
and lower limit of the confidence intervals, P-value, standard errors (SE),
standard error estimate for the standard error (SE-SE), mean parameter estimate
(Mean), and bias for the parameter estimate (Bias) and for the standard error
(SE-Bias), and type of the mediation. The results as shown in the Table 8.12
indicate that the indirect effect of “PRND” on “UB” was statistically significant (β=
.060, P=.048). By looking at the lower and upper limit of the confidence intervals
(.001, .124), it can be found that the zero falls outside the confidence intervals.
Thus, there is significant evidence to reject the null and infer that the indirect
effect is significant. The indirect effect was calculated as the product of the paths
from PRND to PS and PS to UB. The Table also shows that Bootstrap estimate
for the mediation effect was not biased. The type of mediation is a partial
mediation since the direct and indirect effect are both significant. It is concluded
that PS mediates the relationship between PRND and UB.
Maximum likelihood
Parameter

Estimate

Lower

Upper

P

Bootstrap
SE

SESE

Mean

Bias

SEBias

Type of
Mediation

Partial
PRND → PS
.060
.001
.124
.048 .032 .000
.061 .000 .001
Mediation
→ UB
Table 8.12 The Results of the Mediation Effect on the Relationship Between PRND and UB
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As shown in Table 8.13 H2b (P=0.301) is rejected which can be interpreted
as “the information provided to the pilgrims during Hajj event could be adequate
which does not lead the pilgrims to become aggressive or affect their behaviour”.
H3b is also rejected (P=0.910) which means that the space provided in the Holy
Mosque or the resulting high crowd density does not affect the pilgrims and make
them be stressed or anxious. H7a is rejected (P=0.947) that can be interpreted
that pilgrim’s perception of the possibility of structural and mechanical collapse
does not have an effect on their behaviour.
Hypothesis Statement

Decision

H1b

Perceived safety mediates the relationship between perceived force and user
behaviour.

Supported

H2b

Perceived safety mediates the relationship between perceived poor information
and user behaviour.

Rejected

H3b

Perceived safety mediates the relationship between perceived insufficient space
and user behaviour.

Rejected

H4b

Perceived safety mediates the relationship between perceived poor real-time
management and user behaviour.

Supported

H5b

Perceived safety mediates the relationship between perceived risk of stampede
and user behaviour.

Rejected

H6b

Perceived safety mediates the relationship between perceived risk of riot and
user behaviour.

Supported

H7b

Perceived safety mediates the relationship between perceived risk of structural
failure and user behaviour.

Rejected

H8b

Perceived safety mediates the relationship between perceived risk of terrorist
attack and user behaviour.

Supported

H9b

Perceived safety mediates the relationship between perceived risk of explosion
and user behaviour.

Supported

Perceived safety mediates the relationship between perceived risk of natural
disaster and user behaviour.
Table 8.13 Results of the Hypothesis for Indirect Effect Relationships
H10b

8.3

Supported

Conclusion
This chapter discussed the direct and indirect effect among the variables.

It tested the proposed Structural Equation Model (SEM). The SEM model
presented the interrelationship among the variables which included twelve
constructs (Perceived Force, Perceived Poor Information, Perceived Insufficient
Space, Perceived Poor Real Time Management, Perceived risk of Stampede,
Perceived risk of Riot, Perceived risk of Structural Failure, Perceived risk of
Terrorist Attack, Perceived risk of Explosion and Perceived risk of Natural
Disaster, Perceived Safety and User Behaviour). The model contained 38 items
with an acceptable factor loading of >0.60. The results revealed that 9
hypotheses were supported and 3 do not have a significant effect on perceived
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safety; Perceived Poor Information (P=0.207), Perceived Insufficient Space
(P=0.882), and Perceived risk of Structural Failure (P=0.882).
This chapter also discussed the results of the mediation effect (indirect
effect) on the relationship between the independent and its dependent variables
in the model. The mediation effects were tested using the Maximum Likelihood
Bootstrapping resamples procedure in AMOS 22 with bootstrap samples of 2000,
and 95% bias-corrected confidence intervals. The results found that there were
significant indirect relationships between (perceived force, perceived poor real
time management, perceived risk of a riot, perceived risk of terrorist attack,
perceived risk of explosion, perceived risk of natural disaster) and user behaviour.
It was confirmed also that there is a significant relationship between perceived
safety and user behaviour.
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Chapter 9 Discussion and Conclusion
9.1

Introduction
The main aim of this chapter is to discuss the results reported in the

previous chapters and present the final conclusions of the research. The thesis
aimed to establish the relationship between the perceived safety and the user
behaviour in crowded large space buildings (Holy Mosque as a case study), in
order to enhance crowd safety and to minimise the likelihood of the occurrence
of any crowd disaster. To achieve this aim, six main objectives have been
formulated:
1. Identify the critical risk factors and indicators that must be considered in
crowded large space buildings;
2. Compare the differences in the level of perceived safety and user
behaviour between nationalities, levels of education, familiarity, and
attendance mode in the Holy Mosque;
3. Establish the effect of the critical risk factors on perceived safety in
crowded large space buildings;
4. Establish the mediation effect of perceived safety on the relationship
between the critical risk factors and user behaviour;
5. Establish the relationships between perceived safety and user behaviour
in crowded large space buildings;
In connection with these research objectives, five research questions were
formulated:
1. What are the critical risk factors and indicators that must be considered in
crowded large space buildings?
2. Are there significant differences in the level of perceived safety and users
behaviour between nationalities, levels of education, familiarity, and
attendance mode in the Holy Mosque?
3. What critical risk factors influence the perceived safety in the crowded
large space buildings by using the Holy Mosque as a case study?
4. Does the perceived safety mediate the relationship between the critical
risk factors and user behaviour?
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5. To what extent does the perceived safety affect the user behaviour in large
space buildings by using the Holy Mosque as a case study?
This chapter, therefore, reviews the key findings of the study and discusses the
achievement of the objectives and answering the research questions. The
purpose of this thesis was to investigate and examine the factors that influence
perceived safety and how it consequently affect user behaviour in crowded large
space buildings. Even though several models were proposed, the FIST model
(developed by Fruin (1993)) and the six dimensions and loci of crowd disaster
model (proposed by (Chukwuma and Kingsley, 2014)) were used as a research
framework due to their appropriateness for the study. These models were
combined and expanded by adding two new constructs and used them in a
subjective safety context rather than the objective safety. As a result, twelve latent
constructs were developed in the research model to examine the perception of
the users in relation to safety and user behaviour.
9.2

Critical Risk Factors and Indicators in Crowded Large Space
Buildings
In terms of the research questions, the first question in this research was:

“what are the critical risk factors and indicators that must be considered in
crowded large space buildings?” which relates to the first objective “identify the
critical risk factors and indicators that must be considered in crowded large space
buildings”. This objective and question have been achieved and answered
through having a deep review of the existing literature as well as engaging with
the Hajj Authorities. As a result, 12 critical risk factors have been identified, and
59 indicators have been generated. These factors and indicators also have been
tested and validated. The factors as explained in detail in Chapter 3 are
summarised as follow:
Perceived Force (PF) refers to the feeling of the individual while within a crowd
that may be produced by either hearing, seeing or sensing force. In some cases,
this force may reach such a high level that it cannot be controlled or resisted
because of crowd pressure. The research has measured this factor by using six
(6) items or indicators, including breathing difficulties, crowd pushing, movement
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difficulties, crowd pressure, uncontrollable pushing (Domino effect), and
suffocation.
Perceived Poor Information (PPI) is another significant risk factor in crowded
large space buildings that must be taken into consideration. The research has
shown that it is crucial to obtain real time information about the crowd condition
including crowd actions and reactions, whether real or perceived. The real-time
information and communication are essential in minimising the risk of crowd
disasters. This factor was measured using the newly developed scale with five (5)
items or indicators, including insufficient Health and Safety information, poor
communication, insufficient signs, poor signs visibility, and inadequate warning
signs.
Perceived Insufficient Space (PIS) is considered another key risk factor in
crowded large space buildings which supports (Still, 2000) claimed who
emphases the danger of the insufficient or poor use of space. It is consistent also
with (Fruin,1993) who stated that within a high- density crowd, it is difficult to
describe the psychological and physiological pressures, which leads to individuals
losing self-control. This factor was measured using the newly developed scale
with five (5) items or indicators, including high density at activities areas,
availability and distribution of stairs, escalators and lifts; high densities at
entrances and exits; high densities at walkways; and insufficient spaces for the
event.
Perceived Poor Real Time Management (PPRTM) is an important risk factor, in
which real time management plays an important role in crowded large space
buildings. For instance, the inflow of the pedestrian compared to the rapid egress
which is much less while the pedestrians are leaving an event. This is consistent
with (Fruin, 1993; Lloyd et al. ,2017) who claim that poor real time information for
proactive intervention is a key risk factor in crowded large space buildings and
failure to detect the behaviour of the crowd at the right time can lead to serious
incidents. This factor was measured using the newly developed scale with five (5)
items or indicators, including poor crowd flow control, poor real time information
and intervention, long waiting time to use the facilities, long waiting time at the
entrances, and poor control system set up.
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Perceived Risk of Stampede (PRS) refers to the hazard that can take place
during large events where people gather (Illiyas et al., 2013). Human stampede
has been associated with grave consequences such as loss of life, serious injury,
property damage, psychological trauma and distress (Chukwuma and Kingsley,
2014). Two forms of stampede have been identified: that which happens if people
panic when attempting to escape from danger; whereas the second form occurs
when people rush toward something needed or desired at the event (Burkle and
Hsu, 2011). This factor was measured using the newly developed scale with six
(6) items or indicators, including rushing, blockage of pathways and stairways,
movement of a large group, blockage of escalators, movements in the opposite
direction, and blockage of the pathways with wheelchairs.
Perceived Risk of Riot (PRR) is a risky phenomenon, with many possible causes
of incidents (Torrens and McDaniel, 2012). This risk has occurred several times
in crowded large space buildings in different parts of the world. The National
Disaster Management Authority of India (2014) defined riot as “a form of the civil
disorder often characterised by what is thought of as disorganised groups lashing
out in a sudden and intense rash of violence against authority, property or people”.
This factor was measured using the newly developed scale with three (3) items or
indicators, including users aggression towards the police, safety/security staff
acting aggressively towards users, and users acting aggressively against each
other.
Perceived Risk of Structural Failure (PRSF) has also been cited as one of the
critical risk factors in crowded large space buildings. As shown in the literature,
the failure of any temporary or permanent structure in a crowded venue can have
an overwhelming effect (Goldblatt, 1996). This factor was measured using the
newly developed scale with four (4) items or indicators, including the failure of the
ventilation systems, power cuts, fall and collapse of parts of building, equipment
or tools, and overloading of the lifts and the escalators.
Perceived Risk of Terrorist Attack (PRTA) is the state of being terrified or
greatly frightened; intense fear, fright or dread. Nowadays, terrorism has become
one of the main risk dimensions which requires comprehensive safety
management. It is a veritable threat which targets public venues particularly
crowded places including sports and religious events. This factor was measured
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using the newly developed scale with four (4) items or indicators, including poor
security checks at the entrances, absence of security in the courtyards, absence
of security at the focal activities, and poor use of modern security systems
Perceived Risk of Explosion (fire/chemical) (PRE) is a major risk that has
occurred numerous times worldly in crowded large space buildings. It has been
found that it is the panic that resulted in the fatalities experienced (Sime, 1999).
This factor was measured using the newly developed scale with three (3) items or
indicators, including electrical cables laying around randomly, fire outbreak, and
lack of firefighting systems.
Perceived Risk of Natural Disaster (PRND) presents a serious risk that results
in heavy loss of life and property damage. Natural disasters are catastrophic
events which occur due to natural forces and are not controllable by mankind.
The literature review confirmed that natural disasters have increased worldwide,
particularly in the developing countries. This factor was measured using the newly
developed scale with five (5) items or indicators, including sunstroke, lack of
shaded areas, high temperatures, heat exhaustion, and lack of drainage and
slippery surfaces.
Perceived Safety (PS) refers to the feeling (or perception) of an unsafe situation
that exists during an event. This risk which always exists in crowded large space
buildings can lead people to panic from a real or perceived threat. This factor was
measured using the newly developed scale with eight (8) items or indicators,
including perceived risk of fatalities, perceived risk of failure of structure or
artificial services, perceived risk of falls, slips and trips, perceived risk of trampling
or stampede, feeling unsafe, perceived crowding, perceived risk of injuries, and
perceived poor safety.
Crowd (Users) Behaviour (UB) refers to the way in which persons act or behave
towards others. It is a major risk factor in crowded large space buildings which is
likely to lead to crowd disasters if insufficient attention to the behaviour of the
people (Raineri, 2015). This factor was measured using the newly developed
scale with five (5) items or indicators, including bad behaviour (abnormal actions
such as people move in opposite direction, sitting on the way), lose self-control,
cognitive anxiety, stress due to other external factors, and aggressive action.
These critical risk factors are now summarised in the Figure 9.1:
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Critical risk factors in crowded large space buildings

Perceived Force (PF)
1.
2.
3.
4.
5.
6.

Breathing difficulties
Crowd pushing
Movement difficulties
Crowd pressure
Uncontrollable pushing (Domino effect)
Suffocating

Perceived Poor Real Time Management (PPRTM)
1.
2.
3.
4.
5.

Poor crowd flows control
Poor real time information and intervention
Long waiting time to use the facilities
Long waiting time at the entrances
Poor control system

Perceived risk of Structural Failure (PRSF)
1.
2.
3.
4.

Failure of the ventilation systems
Power cuts
Fall and collapse of parts or equipment or tools
Overloading of the lifts and the escalators

Perceived risk of Natural Disaster (PRND)
1.
2.
3.
4.
5.

Sunstroke
Lack of shaded
High temperatures
Heat exhaustion
Lack of drainage and slippery surfaces

Perceived Poor Information (PPI)
1. Insufficient Health and Safety information
2. Poor communication
3. Insufficient signs
4. Poor signs visibility
5. Inadequate warning signs

Perceived Insufficient Space (PIS)
1. High density at activities areas
2. Availability and distribution of stairs, escalators and lifts
3. High density at entrances and exits
4. High density at walkways
5. Insufficient spaces

Perceived Risk of Stampede (PRS)

Perceived Risk of Riot (PRR)

1.
2.
3.
4.
5.
6.

Rushing
Blockage pathways and stairways
Movement in large group
Blockage escalators
Movement in opposite direction
Blockage the pathways with Wheelchairs

Perceived Risk of Terrorist Attack (PRTA)
1.
2.
3.
4.

Poor security checks at the entrances
Absence of security at the courtyards
Absence of security at the activities areas
Poor use of modern security systems

Perceived Safety (PS)
1.
2.
3.
4.
5.
6.
7.
8.

1.
2.
3.

Users act aggressively towards the police
Police and security personnel act aggressively towards
the users
Users act aggressively against each other

Perceived Risk of Explosion (Fire/Chemical) (PRE)
1.
2.
3.

Electrical cables laying around randomly
Fire outbreak
Lack of firefighting systems

Crowd (Users) Behaviour (UB)

Perceived risk of fatalities
Perceived risk of damaged facilities
Perceived risk of falls, slips and trips
Perceived risk of trampling or stampede
Feeling unsafe
Perceived crowding
Perceived risk of injuries
Perceived poor safety

Figure 9.1 Critical risk factors in crowded large space buildings
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1.
2.
3.
4.
5.

Bad behaviour
Loss of self-control
Cognitive anxiety
Stress
Act Aggressively

9.3

Results of the Proposed Subjective Crowd Safety Model (SCSM)
This section answers the research questions: “what critical risk factors

influence the perceived safety in the Holy Mosque?”, “does the perceived safety
mediate the relationship between the critical risk factors and user behaviour?”
and “to what extent does the perceived safety affect the user behaviour at the
Holy Mosque?” These questions aimed to establish the direct and indirect
relationship between the constructs. This is related to the objectives: “establish
the effect of the critical risk factors on perceived safety in crowded large space
buildings”; and “establish the mediation effect of perceived safety between the
critical risk factors and user behaviour” and “establish the relationships between
perceived safety and user behaviour in crowded large space buildings using the
Holy Mosque as a case study”. To answer the two research questions, 21
hypotheses were formulated and analysed using Structural Equation Modeling
(SEM) as follows:
Perceived Force (PF) on Perceived Safety (PS) and User Behaviour (UB)
From the results reported in Chapter 9 and Table 8.1, it is evident that the
first hypothesis (H1a) was found to be supported, in which a positive relationship
exists between perceived force and perceived safety. The analysis has revealed
that the perceived force has a positive impact on perceived safety and the
relationship between these two variables are statistically significant. It has been
confirmed that four main items of perceived force including breathing difficulties,
crowd pushing, difficulty in movement, and crowd pressure had a strong direct
effect on the level of safety perception of the users (pilgrims) in the Holy Mosque
while performing the Tawaf. This simply means that these 4 items made the users
to feel unsafe and have a negative perception about the safety in this crowded
large space building. These findings confirm that the users in the Holy Mosque
had felt or experienced this critical risk factor which affected their perception of
safety negatively.
Since the relationship between perceived force and perceived safety is
positive, it can be concluded that the more the users perceive force in crowded
large space buildings, the more they feel unsafe. The more they feel or
experience any of the 4 items mentioned above, the more they become unsafe
and have a negative perception of the overall safety.
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In terms of the mediation effect and hypothesis (H1b), it was also found to
be supported as shown in Table 8.3. This thesis proved that the perceived safety
mediates the relationship between perceived force and users behaviour. It means
that the perceived force also has an indirect impact on user behaviour when
people feel unsafe. In accordance with the present results, once the 4 items
stated above exist in such an environment, the perception of safety will decline
as a result affecting the users behaviour. This mediation found to be a partial
mediation since the direct and indirect effect are both significant.
This critical risk factor found to be the largest impact on the safety
perception of the users. Since this factor has been ranked as the 2 nd highest
critical risk factor as shown in Table 9.1, it needs more consideration by the
facilities managers of crowded large space buildings.
Perceived Poor Information (PPI) on Perceived Safety (PS) and User
Behaviour (UB)
From Table 8.1, hypothesis (H2a) was rejected and statistically not
significant, indicating that the users did not perceive poor information in the Holy
Mosque to have any effect on their perception of safety. This finding seemed to
be inconsistent with that of (Fruin, 1993) who stated that the available information
in crowded large space buildings such as sights, sounds, signs and
communication have an impact on group perceptions. This may be because of
the event is a religious event where the users might have studied the processes
and may have received adequate information from their respective home States
prior to arriving KSA and also from the Saudi Hajj Authorities while in KSA.
Information provided by the Saudi government include accommodation,
interpreter and guidance to the users. This confirms that the signs,
communication and information provided to the users are likely sufficient which
does not lead the users to feel unsafe in this specific environment.
In terms of the mediation effect and hypothesis (H2b), it was also found to
be rejected. The results as illustrated in Table 8.4 confirm that the perceived poor
information does not have an indirect effect on users behaviour in the Holy
Mosque meaning that the perceived safety does not mediate the relationship
between perceived poor information and users behaviour. This finding is contrary
to previous studies (Forsyth, 2010; Stokes, 2015) which have suggested that the
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amount of information that is given to people about the venue and event can
influence the behaviour of individuals by the way they act.
It could be argued that this may be unique to religious events, especially
where the event comprises of defined rituals that are learned prior to the event
and religiously implemented by the users with a complete fear of contradiction.
Although research has shown that this risk factor is critical when looked at
from an objective safety perspective, this research seems to establish that its
effect is insignificant in the perceived safety point of view. It may be interpreted
that once objective safety is properly implemented, as in the case of this facility
where the Hajj Authorities seems to have adequately provided good information,
the effect of perceived poor information becomes nullified.
Perceived Insufficient Space (PIS) on Perceived Safety (PS) and User
Behaviour (UB)
Hypothesis (H3a) suggested that perceived insufficient space has a
significant direct influence on perceived safety. This hypothesis as shown in
Table 8.1, was not supported indicating that the lack of space does not have a
direct impact on the safety perception. This finding was unexpected, normally one
would intuitively expect lack of space to result in the user feeling unsafe.
However, these research findings revealed that in events such as this religious
event held at the most sacred site in Islam, the level of crowdedness does not
lead the users in the Holy Mosque to feel unsafe. Although these results differ
from some published studies (Oakes and North, 2008; Westover, 1981), they are
equally others that arrive at similar findings such as (Alnabulsi and Drury, 2014;
Kim et al., 2016), where they concluded that the pilgrims were high in social
identification as Muslims, meaning that “people act as one in a crowd because
they share a social identity. In particular, a strong social identity increases
cohesion within the crowd, which, in turn, increases socialising and positive
feelings”. Alnabulsi and Drury (2014) found that increasing level of crowd density
reduces the pilgrim’s feeling of being unsafe. The finding in this thesis suggests
that the negative effect of perceived insufficient space on perceived safety may
only apply to dense crowds made up of individuals in the unity of purpose with a
common social identity – social category membership with high expectations of
social support from others in the crowd.
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In accordance with the hypothesis (H3b), the findings as shown in Table
8.5 emphasised that the perceived safety does not mediate the relationship
between perceived insufficient space and user behaviour in the Holy Mosque.
This finding confirms that the lack of space and high density at the Holy Mosque
does not have an indirect effect on the users behaviour, whereas this result is
contrary to previous studies (Oakes and North, 2008; Westover, 1981). Again,
this could be influenced by the type of crowd or event, because this being a
religious event, the users are well disciplined and guided by the teachings of the
religion as it relates to the rituals that they are expected to perform in the crowd
as they act as one with a strong social identity.
Even though in objective safety perspective, this critical risk factor has
affected people physically and psychologically in other crowded large space
buildings, but from the point view of subjective safety, this study has confirmed
that it does not have any effect on the users perception. However, due to the
importance of this factor in objective safety, it must not be overlooked in order to
promote the overall safety.
Perceived Poor Real-Time Management (PPRTM) on Perceived Safety (PS)
and User Behaviour (UB)
Hypothesis (H4a) stated that perceived poor real-time management has a
significant direct influence on perceived safety. This hypothesis as displayed in
Table 8.1, was supported and statistically significant. This research has
confirmed that the perceived poor real-time management has a significant
positive effect on perceived safety, meaning that the more users perceive poor
real-time management in crowded large space buildings the more they feel
unsafe. These results reflect those of (Jones and Peppiatt, 1996) who also found
that time management has an impact on the perception of the users. It was found
that three main items have affected the safety perception of the pilgrims and let
them feel unsafe in the Holy Mosque. The three items are the ‘loss of crowd
control of the inflow and outflow at the building’, ‘poor real-time information and
intervention’, and ‘waiting a long time to use the facilities’.
With regards to the hypothesis (H4b), the mediation effect of perceived
safety between the perceived poor real-time management and users behaviour
was also found to be supported and statistically significant as disabled in Table
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8.6. This study has confirmed that the perceived poor real-time management has
affected the users behaviour indirectly in the Holy Mosque. Few studies were
found to support these findings, however, similar ideas emphasised the
importance of the intervention and real-time management that may be a threat to
people’s life. This indicates that failure to detect the behaviour of the users in
crowded large space buildings at the right time can lead to injuries and fatalities
(Berlonghi, 1995; Lloyd et al., 2017).
As presented in Table 9.1, this critical risk factor has been ranked as the
5th impact on the safety perception of the users which needs to be taken into
account by the Hajj Authorities.
Perceived Risk of Stampede (PRS) on Perceived Safety (PS) and User
Behaviour (UB)
Hypothesis (H5a) stated that the perceived risk of stampede has a
significant direct influence on perceived safety. This hypothesis is found to be
supported and statistically significant which confirms that the pilgrims had
perceived the threat of stampede while they were performing the Tawaf which
affected their perception of safety negatively. These results confirm the idea of
(Burkle and Hsu, 2011) who identified two forms of stampede involving the panic
and rushing toward something needed or desired at the event. Three essential
items were experienced by the pilgrims that made them feel unsafe: rushing,
blockage of pathways and stairways, and movement of the large group.
In terms of the hypothesis (H5b), further analysis has been taken to test
the mediation effect of perceived safety on the relationship between perceived
risk of stampede and users behaviour. However, it has been unable to
demonstrate the indirect relationship between these variables as found in Table
8.7. A similar relationship was found by the sociological theorists who
investigated some real cases of stampede (Chukwuma and Kingsley, 2014;
Sime, 1999). This study has found that the perceived risk of stampede does not
have an indirect effect on the users behaviour in the Holy Mosque. This research
was conducted in a large space building that is unique, and the users are also
unique, in the sense that the users believe that they are visiting the most sacred
place of Islam to perform the fifth pillar of Islam “Hajj”. These two conditions could
have a direct influence on the user’s, thoughts contrary to their feelings which
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results into no effect on their actions or behaviour. Although the risk of stampede
affects the users perception of safety, it therefore does not influence their
behaviour because of the rigidity in their thoughts (beliefs).
This critical risk factor has been ranked as the 7th impact on the safety
perception of the users which has less impact than other critical risk factors (see
Table 9.1.).
Perceived Risk of Riot (PRR) on Perceived Safety (PS) and User Behaviour
(UB)
From the result reported in Table 8.1, it is evident that the sixth hypothesis
(H6a) is found to be supported, in which perceived the risk of the riot has a
significant direct influence on perceived safety. This analysis has revealed that
the relationship between perceived risk of riot and perceived safety was
statistically significant. The findings showed that the users had felt unsafe during
the event and got affected by experiencing three main items including users
acting aggressively towards the police, police and security personnel acting
aggressively towards the users, and users acting aggressively against each
other. These results mirror those of the previous studies of (Schafer et al., 2015)
that have examined the perception of the police officers who were involved in the
event. This study found that 60 percent of the members were feeling unsafe
during the event and had a negative perception of riot and 45% felt a noteworthy
level of fear. Feeling unsafe was primarily attributed to the aggression that was
being directed against police and security personnel.
Further analysis was conducted for hypothesis (H6b) to examine the
indirect effect of the perceived risk of the riot on user behaviour. The results found
to be supported and statistically significant as shown in Table 8.8.
This critical risk factor found to be the 3rd largest impact on the safety
perception of the users as shown in Table 9.1.
Perceived Risk of Structural Failure (PRSF) on Perceived Safety (PS) and
User Behaviour (UB)
From Table 8.1, hypothesis (H7a) was rejected and statistically not
significant, suggesting that perceived risk of structural failure does not influence
the safety perception of the users in the Holy Mosque. This finding confirms that
the pilgrims in the Holy Mosque did not feel or experience a structural failure or
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power cuts or failure of hard services such as ventilation and air-conditioning.
They did not also experience an overload of installed facilities or fall or collapse
of parts of the structure.
In accordance with the mediation effect of perceived safety between the
perceived risk of structural failure and user behaviour hypothesis (H7b), it was
found also to be not significant as illustrated in Table 8.9; meaning that the
perceived risk of structural failure does not have an indirect effect on users
behaviour. A possible explanation for these results is that the facilities
management at the Holy Mosque has provided sufficient hard services which
made the users feel safe and behave normally in terms of the structural and
services failure.
Perceived Risk of Terrorist Attack (PRTA) on Perceived Safety (PS) and
User Behaviour (UB)
Hypothesis (H8a) suggested that perceived risk of terrorist attack has a
significant direct influence on perceived safety. The analyses have revealed that
the relationship between perceived risk of terrorist attack and perceived safety
was positive and statistically significant. Although this risk has never occurred in
the Holy Mosque, the users still had perceived the threat of terrorism. It has been
found that three key items made the users feel unsafe including poor security
checks at the entrances, absence of security at the courtyards, and absence of
security at the focal activates. These findings confirm that the pilgrims in the Holy
Mosque had felt the risk of a terrorist attack which affected their perception of
safety negatively. These results support the idea of (Araña and León, 2008;
Kozak et al., 2007) findings which showed that when the individuals perceive a
threat of terrorism, it may influence their feeling to change their decision or
discouraged them to go a place.
In terms of the hypothesis (H8b) which stated that perceived safety
mediates the relationship between perceived risk of terrorist attack and user
behaviour. As displayed in Table 8.10 the indirect effect of perceived risk of
terrorist attack on user behaviour was found to be statistically significant. This
indicates that the behaviour of the pilgrims was also affected indirectly by the
three items stated above. In accordance with the present results, previous studies
have demonstrated a close association between behaviour and terrorism,
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especially in relation to mega-sporting events (Boo and Gu, 2010; George and
Mawby, 2015; George and Swart, 2012)
This critical risk factor as shown in Table 9.1 is found to be ranked as the
6th largest impact on the safety perception of the users. Although this factor
ranked as low as the 6th impact, it must be taken seriously by the Hajj Authorities
because it is known to have occurred severally around the world especially in
crowded large space buildings.
Perceived Risk of Explosion (PRE) on Perceived Safety (PS) and User
Behaviour (UB)
Hypothesis (H9a) as shown in Table 8.1, in which perceived risk of the
explosion has a significant direct influence on perceived safety. This hypothesis
found to be supported and statistically significant. The users of the Holy Mosque
had perceived the risk of fire even though this risk has never happened before.
The possible explanation for this negative perception might have originated from
three main items: the too many electrical cables that were laying around
randomly, perceiving the risk of fire outbreak resulting from the pilgrims using the
electrical sockets in the Holy Mosque, and the clear absence of firefighting
systems in the Holy Mosque.
In accordance with the hypothesis (H9b), Table 8.11 indicates that the
indirect effect of perceived risk of explosion on users behaviour was statistically
significant. These results are consistent with the previous studies of (Sime, 1999)
which reviewed a number of disaster cases with respect to fire and behaviour of
the people within the fire situation. Sime (1999) argued that people panic in
response to save their lives from perceiving the threat of the fire, Sime added that
it is the panic that resulted in the fatalities experienced.
This critical risk factor is ranked the 4th largest impact on the safety
perception of the users as shown in Table 9.1. This is a key factor that must
always be taken into account in order to enhance the safety.
Perceived risk of Natural Disaster (PRND) on Perceived Safety (PS) and
User Behaviour (UB)
Hypothesis (H10a) stated that perceived risk of natural disaster has a
significant direct influence on perceived safety. This hypothesis as shown in
Table 8.1, was supported and statistically significant which confirms the pilgrims
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in the Holy Mosque had perceived the risk of natural disaster positively during the
Hajj event. Three main items were found which affected the perception of the
pilgrims negatively and made them feel unsafe. These items include sunstroke
which caused fainting of some users, lack of shaded areas, lack of alternatives
to reduce high temperatures during the focal activates.
With regards to the Hypothesis (H10b), it has also been proved that the
perceived the risk of natural disaster has an indirect effect on the users behaviour.
This can be explained that the users became more stressed and aggressive due
to high temperature (45°) and the exposure to the heat waves and sunshine
during the event. These results are consistent with some previous studies of
(Anderson, 2001; Kalkstein and Greene, 1997; Lowe et al., 2011; The Regional
Office for Europe of the World Health Organization, 2011) which claim that
exposure to heat waves may affect people physically and psychologically which
may increase aggressive behaviour, cause cramps, fluid loss, fainting, heat
exhaustion, dehydration, heat stress, heat stroke and ultimately mortality.
This critical risk factor has ranked the 8th largest impact on the safety
perception of the users as presented in Table 9.1. Even though this factor was
not ranked highly, it can be one of the most important risk factors that must be
considered in this specific event due to high temperature and its own unique
circumstances.
Perceived safety (PS) on User Behaviour (UB)
From Table 8.1, it is evident that the hypothesis (H11) found to be
supported, in which a positive relationship exists between perceived safety and
users behaviour. The analyses have revealed that the perceived safety has a
positive impact on users behaviour and the relationship between them was
statistically significant. This means that the more users feel unsafe in crowded
large space building, the more they behave badly and become stressed and
anxious. These results are consistent with (Challenger et al., 2009b; Machielse,
2015), who argues that the sense of safety has an influence on the people
behaviour. They added that when people feel unsafe in a certain area, the
behaviour of people and sense of comfort will change. This research has
confirmed that because the pilgrims were feeling unsafe in the Holy Mosque, it
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affected their behaviour and made them stressed and anxious while performing
the Tawaf.
This critical risk factor found to have an extremely high impact on the users
behaviour as shown in Table 9.1 which must be given high consideration by
facilities managers and all those concern with managing safety in crowded large
space buildings. This result is consistent with (Zhuang and Wu, 2012) who claims
that perceived safety is significant in an effort to understand people behaviour
and improve safety. Unfortunately, this critical risk factor has been given less
attention by the researchers as explained as confirmed by (Sime, 1995). The
behaviour of the users also is considered a major factor in crowd disasters as it
has caused many tragedies or incidents in the past (Raineri, 2015).
It can be concluded that all of these factors can be risky and must be
considered by those who are managing crowded large space buildings.
9.3.1.1 Revised Model
The initially proposed Subjective Crowd Safety Model (SCSM), shown in
Chapter 3, has been tested, assessed and analysed. The proposed model
contained 12 constructs and 59 items that were developed to enable an
understanding of the interactions and relationships among the variables. The
proposed model included 10 independents variables (perceived force, perceived
poor information, insufficient space, perceived poor real time management,
perceived risk of the stampede, perceived risk of a riot, perceived risk of structural
and mechanical disaster, perceived risk of terrorist attacks, perceived risk of
explosion, possibility of natural disasters) and 1 mediating variable (perceived
safety) and 1 dependent variable (user behaviour).
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H8b (0.11**)
H9b (0.163***)

Perceived Risk of
Terrorist Attack (PRTA)

Perceived Risk of Explosion
(fire/chemical) (PRE)

H6b (0.306***)

H9a (0.169***)
Perceived Risk of
Natural Disaster (PRND)

H10b (0.49*)

H10a (0.051*)
H11 (0.963***)

Users (Crowd) Behaviour (UB)

Perceived Risk of Riot
(PRR)

Perceived Safety (PS)

Perceived Risk of
Stampede (PRS)
H1b (0.349***)

H1a (0.363***)

H4a (0.125*)
Perceived Poor Real Time
Management (PPRTM)

Perceived Force (PF)

H4b (0.12*)
Figure 9.2 Revised Subjective Crowd Safety Model (SCSM)
Keys:

Direct effect on Perceived Safety (PS): (H1a – H10)
Direct effect on User Behaviour (UB): (H11)
Indirect effect on User Behaviour (UB): (H1b – H10b)
(*, **, ***) *p < 0.05, **p < 0.01, ***p < 0.001
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Based on the findings or outcome of the analyses discussed in the
previous chapters, the proposed model has been revised and presented in
Figure 9.2. Having identified the 12 constructs and 59 items (indicators), a
Structural Equation Modeling (SEM) was conducted to test the established
research hypotheses to study the relationships among the 12 constructs. The
revised model reveals that 14 hypotheses were supported and 7 were rejected
(See also Table 9.2). It established the most significant factors that have an
impact directly and indirectly on perceive safety and user behaviour respectively.
Whilst, the insignificant factors have been deleted from the revised model, it
clearly shows that 7 factors have a direct impact on perceived safety and 6 factors
have an indirect impact on users behaviour. It also established that there is a very
strong relationship between perceived safety and users behaviour.
Sr.

Constructs

Perceived safety
(Standardized direct
effect)

User behaviour
(Standardized indirect
effect)

Rank

1

Perceived force

0.363

0.349

2

2

Perceived poor real
time management

0.125

0.12

5

3

Perceived risk of
stampede

0.067

0.065

7

4

Perceived risk of riot

0.318

0.306

3

5

Perceived risk of
terrorist attack

0.115

0.11

6

6

Perceived` risk of
explosion

0.169

0.163

4

7

Perceived risk of
natural disaster

0.051

0.049

8

8

Perceived safety

0.963

1

Table 9.1 Standardized Direct and Indirect Effects and Ranking Constructs
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Sr.

Constructs

Path

Constructs

P- value
Direct effect
to UB

Result

Constructs

Path

Constructs

P- value
Indirect
effect to UB

Result

1

Perceived force

→

Perceived safety

***

Significant

Perceived force

→

User behaviour

***

Significant

2

Perceived poor
information

→

Perceived safety

0.207

Not
Significant

Perceived poor
information

→

User behaviour

0.301

Not
Significant

3

Perceived insufficient
space

→

Perceived safety

0.882

Not
Significant

Perceived
insufficient space

→

User behaviour

0.910

Not
Significant

4

Perceived poor real time
management

→

Perceived safety

0.011*

Significant

Perceived poor real
time management

→

User behaviour

0.027*

Significant

5

Perceived risk of a
stampede

→

Perceived safety

0.039*

Significant

Perceived risk of a
stampede

→

User behaviour

0.065

Not
Significant

6

Perceived risk of riot

→

Perceived safety

***

Significant

Perceived risk of
riot

→

User behaviour

***

Significant

7

Perceived risk of structural
failure

→

Perceived safety

0.925

Not
Significant

Perceived risk of
structural failure

→

User behaviour

0.974

Not
Significant

8

Perceived risk of terrorist
attack

→

Perceived safety

***

Significant

Perceived risk of
terrorist attack

→

User behaviour

0.005**

Significant

9

Perceived risk of
explosion

→

Perceived safety

***

Significant

Perceived risk of
explosion

→

User behaviour

***

Significant

10

Perceived risk of natural
disaster

→

Perceived safety

0.031*

Significant

Perceived risk of
natural disaster

→

User behaviour

0.048*

Significant

11

Perceived safety

→

User behaviour

***

Significant

Table 9.2 Standardized Direct and Indirect Effects - Two Tailed Significance (BC); Note: = *p < 0.05, ** p < 0.01, ***p < 0.001
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9.4

Variances in the Level of Perceived Safety and Users Behaviour
One of the objectives of this research is to discuss the variances in the

level of safety perception and behaviour of the users. This is related to the
objective “compare the differences in the level of perceived safety and users
behaviour between Muttawiffy groups (nationalities), levels of education,
familiarity, and attendance mode in the Holy Mosque” and research question “are
there significant differences in the perception of safety and user behaviour
between nationalities, levels of education, familiarity, and attendance mode in the
Holy Mosque? “.
Analysis of variance using Kruskal Wallis Test was conducted to assess
the differences in the level of perceived safety (feeling safe vs feeling unsafe) and
users behaviour in the Holy Mosque. The differences in the level of perceived
safety and users behaviour (good or bad) have been compared based on the
demographic

data

and

background

information

involving

Muttawiffy

(nationalities), levels of education, familiarity, and attendance.
As evident from the results obtained in Chapter 6 and Table 6.6, there is
a significant difference in the level of perceived safety between Muttawiffy groups
(“European, Turkish, American, Australian”; Iranian; South Asian; South East
Asian; African; and Arab). It has been found that the Iranian people had the most
negative perception of safety at the Holy Mosque compared to other groups,
meaning that they are the group that feels most unsafe in this specific
environment. The Iranians are followed by the South Asians (e.g. Indian,
Pakistani, Bangladeshi etc.), then the South East Asians (e.g. Indonesian,
Chinese, Filipino ect.), then the combined group of the Europeans, Turkish,
Americans, Australians, then the Africans, and finally the Arabs. These findings
are interesting and consistent with the previous studies (Mehta, 2013; (Yang and
Wyckoff, 2010) which confirm that the perception differs from one person to
another depending on the diversity of cultures.
These findings are vital to the Hajj Authorities as they plan the order in
which these groupings congregate at the Holy Mosque. The Kruskal-Wallis test
provided a solid evidence that there is a significant difference in the perception of
safety between the mean ranks of at least one pair of groups (“European, Turkish,
American, Australian”; Iranian; South Asian; South East Asian; African; and Arab)
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but it was not clear yet which pair it was. Therefore, this study went further and
used the Dunn’s post hoc test which carried out on each pair of groups. The
findings of the pairwise comparisons as presented in Figure 6.5 Figure 6.5
Pairwise comparison of Muttawiffy Groups shows the results of the DunnBonferroni test on each pair of the groups.
Another interesting finding is the differences in the behaviour of the users
in crowded large space building (Holy Mosque) between the people who are
coming from diverse countries with different cultures. The results obtained for this
research have proven statistically and empirically the significant differences in the
behaviour of the users between the Muttawiffy groups (South Asian; South East
Asian; African; Arab; Iranian; and “European, Turkish, American, Australian”). As
detailed in Table 6.7 Difference in the users behaviour between Muttawiffy
groups, the Iranian people were the most stressed and anxious while performing
the Tawaf with the highest mean followed by South Asian (e.g. Indian, Pakistani,
Bangladeshi etc.) and Arab respectively. The other groups: “European, Turkish,
American, Australian”, African and South East Asian were less stressed and
anxious. These findings seemed to be consistent with the argument of the earlier
studies.
These results have confirmed so far, the significant differences between
the groups as a whole, however, pairwise comparisons were used to know which
groups exactly differed from each other as illustrated by Figure 6.5 and Figure
6.9. Table 9.3 summarises the findings which indicated that Arab and South Asian
people have similar behaviour within the crowd in the Holy Mosque. The same
also applies to between the Arab and “European, Turkish, American, Australian”.
It was also seen that there were no differences in the behaviour between
“European, Turkish, American, Australian” and South East Asian; and between
African and South East Asian. “European, Turkish, American, Australian” and
African people have also similar behaviour within the crowd in the Holy Mosque.
Understanding the various groupings of culture (e.g. National Culture) of
the people is important in the management of public safety (Frosdick, 1999; Khir,
2014). The outcome of these variances can be utilised by Hajj Authorities
particularly Ministry of Hajj, who have already grouped them into Muttawiffy
groups, to enable them to develop effective safety strategies e.g. when
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Pair (Group 1 vs Group 2)

No

Groups
behave the
same
No

Non-homogeneous

Yes

Yes

Homogeneous

Groups perceive
safety the same

Homogeneity

Arab

Iran
Turkey, Europe,
America, Australia

Arab

South Asia

No

Yes

Arab

South East Asia

No

No

Partial
homogeneity
Non-homogeneous

Arab

Yes

No

Non-homogeneous

No

No

Non-homogeneous

Iran

Africa
Turkey, Europe,
America, Australia
South Asia

Yes

No

Non-homogeneous

Iran

South East Asia

No

No

Non-homogeneous

Iran

Africa

No

No

Non-homogeneous

Turkey, Europe,
America, Australia

South Asia

No

No

Non-homogeneous

Turkey, Europe,
America, Australia

South East Asia

Yes

Yes

Homogeneous

Turkey, Europe,
America, Australia

Africa

Yes

Yes

Homogeneous

South Asia

South East Asia

Yes

No

Non-homogeneous

Africa

No

No

Arab

Iran

Non-homogeneous
Partial
Africa
No
Yes
South East Asia
homogeneity
Table 9.3 Summary of the differences between the groups in perceived safety and users behaviour
South Asia

distributing the pilgrims to the camps in Mina and Arafat, creating the
timetable for moving the large pedestrian groups from one Holy site to another
etc.
Referring to the Table above, the groups whose members have the same
perception of safety and behave same (e.g. Arab and Turkey, Europe, America,
Australia) can have a common safety strategy. This means that the groups are
homogeneous which can be positioned and grouped together in the same camps
and/or move from one Holy place to another without splitting them. While partial
homogeneity groups have different perception of safety but behave the same.
These groups can have separate safety strategies and can be put together in the
same camps but move from one site to another in two different groups next to
each other. Lastly, the non-homogeneous groups, perceive safety differently and
behave differently. These groups need to have two safety strategies and
positioned separately in two different camps. They also must be split in two
different groups and timing while moving from one site to another.
These cultural differences were scientifically investigated in one of the
most crowded large space buildings in the world which gathers the rich diversity
of countries and cultures. The literature review has not produced any scientific
187

findings in detail to back up such results. These findings can also assist the
Facilities Managers in planning for crowded large space buildings effectively such
as informing an orderly queue, designing effective barriers and creating the
timetable for each group based on the perception and behaviour findings. It is
important to group the crowd into different clusters based on the perception,
behaviour and cultures. This can prevent the crowds to lose their feeling of selfresponsibility which was explained by Le Bon (1896) theory which stated that
people act as the collective mind which viewed as a type of diseases that infected
and spread from one group to another and then to the rest of the crowd.
Table 6.8 Difference in the safety perception between levels of education
indicates that there was a significant difference in the perception of safety in
crowded large space buildings when compared between the level of education.
It was found that the people who cannot read and write had a more negative
perception of safety in the Holy Mosque than the well-educated, moderately
educated, and fairly educated. A possible explanation for this might be due to
lack of knowledge or awareness and the inability to read the warning signs and
health and safety information that was provided by the Hajj Authorities.
Surprisingly, no differences were found in the users behaviour and level of
perceived safety between those that have previously performed the Hajj
(familiarity) and those that were doing the Hajj for the first time (not familiar to the
environment). Table 6.9 and Table 6.10 confirm that the p-values were greater
than the significance level, therefore, there was a significant evidence to accept
the null hypothesis, which means that there was no significant difference in the
users behaviour and perception of safety between people who are familiar (visited
Makkah several times one or could be more) and non-familiar to the environment.
This is an unexpected outcome and inconsistent with the previous research
findings (Mehta, 2013; (Yang and Wyckoff, 2010). It was surprising that the
familiar group scores did not differ significantly from those of the non-familiar
group. Again, this result may be explained by the fact that the Holy Mosque is
one of the ritual sites of the Hajj, which is a religious event that is well known to
all Muslims all over the world especially being one of the main pillars of Islam. It
is also important to note that the Holy Mosque is the direction at which all Muslims
face for five compulsory daily prayers thus making it well known to all pilgrims.
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The results from the current study corroborated a significant difference in
the level of perceived safety between the attendance Mode (Individually, Family,
Group). The results from Table 6.11 indicated that the users who were moving
along with their family members in the crowd got more influenced compared with
those who were walking alone or in an organised group. This outcome may be
intuitive, in fact, people usually protect their families from any possible danger
and those who were with the family in the crowd could perceived a risk not only
as it could affect them but also how it could affect any of the members of the
family in the crowd, any of which could have resulted in feeling unsafe and
worries.
The current study also found a significant difference in the behaviour of
the users between the attendance Mode (Individually, Family, Group). Table 6.12
shows that the behaviour of the users who were in a group got more affected than
those who were moving individually or with the family. This finding reflects those
of psychological experiments which have shown that people may get aroused
and diffuse responsibility by groups (Myers, 1990). This finding also is in
agreement with (Rail Safety and Standards Board (RSSB), 2003) findings which
showed that humans behave differently as individuals than they do as members
of a crowd. Le Bon (1896) likens a crowd to a chemical compound, i.e. it displays
properties quite different from those of the bodies that have served to form it.
9.5

Practical Implications to Enhance Safety
The research findings and methodology and its design are transferable to

other types of mass gatherings in large space buildings such as sport stadiums,
concert hall etc. The practical implications are mainly in the planning and
management of crowd safety in crowded large space buildings. Currently,
management focuses on objective safety and implements it using their guidance,
experiences, and procedures including space planning, managing the spaces,
monitoring the crowd, developing crowd simulations modelling etc. The primary
purpose of this study is to provide sufficient evidence that would make facilities
managers and those who are in charge of managing events to also consider
subjective safety in the management of events in large space buildings. Facilities
Managers and those who are in charge of managing large events in built
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environments could use the risk factors and indicators identified in this research
to evaluate the perceived risk condition at an event to control crowd behaviour
and by implication the crowd safety. Zhuang and Wu (2012) have highlighted that
perceived safety is significant in understanding people’s behaviour and improving
safety. After the implementation of the developed safety strategies and systems,
it is expected that the facilities managers would collect new data regarding the
actual effect of the subjective safety factors with the view of improving the safety
condition in future events at the same venue. Measuring the initial subjective
safety (post-implementation) will surely assist the facilities managers by making
them aware of the safety perception of the users and the factors that make them
feel unsafe. The safety perception could be changed by reviewing the objective
safety strategies and systems such as providing more services or information,
modifying some elements of the objective safety etc. Subjective safety risk can
be minimised by either enhancing or reviewing some of the objective safety
elements or by providing more information to the users that let them more relax
and feel safer and aware about the health and safety. It is recommended that risk
assessment sheet should include a separate new section dealing with subjective
safety. Although perceived safety is a subjective feeling, several factors such as
age, education, gender, familiarities to the environment, and other peculiarities of
users exert influence. Understanding these influences on perceived safety can
help managers plan service capacities and usage time frames depending on the
respective target group. The findings may also be relevant to emergency
responders during an emergency situation. It is recommended that the
emergency responders could use the risk indicators to help focus on the real time
information, communication and appropriate intervention with the users, as failure
to do so could result in high level of anxiety, feeling unsafe, panic, and ultimately
serious incidents such as stampede and trampling. (Challenger et al., 2009a)
emphasised that feeling unsafe during an event can drive people to panic from
real or perceived risk through acting unusually such as pushing and shoving.
The research has developed a comprehensive model SCSM that can be
used in enhancing safety and minimising the risks in crowded large space
buildings. The 12 critical risk factors identified, and 59 indicators generated must
be considered by the facilities managers who are managing crowded large space
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buildings. It would be useful to use these indicators with more focus on the
significant ones during the planning stage and monitoring the crowd.
All of the models and frameworks discussed in the literature review were
based on objective evaluation, e.g., the FIST model and the six dimensions of
crowd disasters were based on the analysis of major incidents, traffic flow
principles and reviewing public inquiry reports without testing the factors
subjectively. This research has confirmed that the venue cannot be considered
fully safe when the subjective safety is overlooked even if all the objective safety
precautions and plans are in place before and during the event. This implies that
every event should take into account both the objective safety and the subjective
safety.
9.6

Conclusion
The aim of this research project is to establish the relationship between

the perceived safety and the user behaviour in crowded large space buildings
(Holy Mosque as a case study), in order to enhance crowd safety and to minimise
the likelihood of the occurrence of any crowd disaster. The research revealed that
the relationship between perceived safety and user behaviour is statistically
significant, which implies that the more users of crowded large space buildings
feel unsafe, the more they behave in a detrimental manner to the overall safety.
This research provides evidence that perceived safety is a high impacting factor
to the level of safety (safe condition) of a crowded large space building. It has
established that there are seven (7) major factors that directly influence perceived
safety, namely: perceived force, perceived poor real time management,
perceived risk of stampede, perceived risk of riot, perceived risk of terrorist attack,
perceived risk of explosion, and perceived risk of natural disaster. With the
exception of the perceived risk of stampede, these factors also have an indirect
effect on user behaviour See Figure 9.3. Since researchers such as Raineri
(2015) have already established that crowd behaviour is a major factor in crowd
disaster, it is therefore plausible to conclude that anything that significantly
influences crowd behaviour could result in an unsafe situation that could lead to
a disaster.
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Perceived Risk of stampede
Perceived Risk of Riot (PRR)

Rushing
Blockage pathways and stairways
Movement in large group

Users act aggressively towards the police
Police and security personnel act aggressively towards the users
Users act aggressively against each other

Perceived Poor Real Time Management
Poor crowd flows control
Poor real time information and intervention
Long waiting time at the entrances

Electrical cables laying around randomly
Fire outbreak
Lack of firefighting systems

Perceived Risk of Natural Disaster
Perceived Safety (PS)

Sunstroke
High temperatures

Perceived risk of damaged facilities
Perceived risk of falls, slips and trips
Perceived risk of trampling or stampede

Perceived Force (PF)

Perceived Risk of Terrorist Attacks

Breathing difficulties
Crowd pushing
Movement difficulties
Crowd pressure

Poor security checks at the entrances
Absence of security at the courtyards
Absence of security at the activities areas

User Behaviour
Bad behaviour
Cognitive anxiety
Stress

Figure 9.3 The Significant Relationship Between the Risk Factors in Crowded Large Space Buildings
Keys:

Perceived Risk of Explosion

Direct effect on Perceived Safety (PS)
Indirect effect on User Behaviour (UB)
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9.7

Research Limitations
Several limitations were identified in the early stage of the study and

resolved, however, not all limitations were addressed and dealt with. One of the
limitations was that the study could not cover all the characteristic of the
population. Because the sample population is large (nearly two million pilgrims)
with several heterogeneous strata (groups), the population elements were
divided into homogenous segments according to the culture and nationalities.
There was some difficulty of access to the women sections due to religious and
cultural reasons, so therefore the study lacked the participation of the female
participants. This study also was only tested in a crowded religious building, so
in the future it can be based in a different crowded large space building such as
sports stadiums, concert halls. Another limitation was the lack of the subjective
safety studies in crowded large space buildings, as a result of this there were
some difficulties while comparing the findings of this research with other similar
research.
One other limitation of the research also reported in this thesis is the lack
of consideration of the factors that may influence the user in the physiological and
social manner. It focused primarily on factors that originate from personal and
physical sources. Again, although the research has considered some of the
personal factors (age, experience, nationality, and education), it did not report on
the influence of these factors on the relationships between the dependent and
independent variables studied. In future research therefore, these could be
studied as moderating variables to measure their significance in the relationships
between the critical risk factors. The insignificant factors on perceived safety even
though the importance of these factors revealed the fact that the type of crowd
that uses the building and/or type of event that is held in the building play an
important role in the planning, in which case may have a different effect on the
users. It is therefore recommended that further research can be carried out using
another crowd/event types to establish a measure of the difference.
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9.8

Recommendations
Having

achieved

the

research

aim

and

objectives,

some

key

recommendations have been made that can enhance safety in crowded large
space buildings. It is necessary to use the 59 indicators (originating from the 12
critical risk factors) to improve the input of facilities managers regarding health
and safety of crowded large space buildings. A simple checklist or template could
be developed to guide such inputs during the planning stage. It could be used
during the in-use stage to guide the monitoring of events and improvements
during the event (e.g. by providing more information to the users that can make
them more relaxed and feel safer and aware about the health and safety) and
after events (e.g. by making adjustments before the next event takes place). The
facilities managers could also use the appropriate indicators (originating from the
identified critical risk factors) to evaluate the perceived risk condition at such
events to enhance safety. This could be achieved by using the following four main
stages: Firstly, use the developed questionnaire to collect data to measure
subjective safety with the view to improving the planned objective safety
condition; Secondly, analyse the collected data in order to be aware of the
indicators that influence the perception of safety and the behavior of the users.
Thirdly, review and modify some elements of the initial objective safety plan
and/or safety strategies to enhance the overall safety. Fourthly, redo this process
for continuous improvement.
This research used the Holy Mosque as a case study to arrive at the
findings reported in this thesis. For the benefit of the Hajj Authorities, as
managers of the Holy Mosque, some specific recommendations have been
identified as a mechanism to be included within their excellent planning and
management of such a complex event in a confined space. These include
developing a more robust system for complete coverage and monitoring of the
pilgrims behaviour, taking into account the crowd characteristics during the
planning phase of the Hajj particularly as it relates to the Holy sites; increasing
the level of awareness of those groups identified by this research who had a high
negative perception of safety; using Table 9.3 regarding homogeneous, partial
homogeneity, and non-homogeneous teams in the grouping and timing as
pilgrims move from one holy site to another.
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9.9

Recommendations for Future Research
Since this study focused on investigations into the relationship between

perceived safety and user behaviour in crowded large space buildings using the
Holy Mosque as a case study, the research is therefore conducted using a
religious event to reflect the usage of the chosen. Several limitations have been
stated in this research which can be addressed in the future research:
•

It is recommended that further research can be undertaken in other types
of crowded large space buildings such as sports stadiums, concert halls,
etc in order to compare the influence of crowd types, event types and
building types on the safety perception and behavior of users.

•

The research focused on factors originating from most personal and
physical aspects, but weaker in the physiological and social aspects. It is
therefore recommended that the other factors that may originate from the
physiological and social aspects are also studied in order to achieve
completeness in the measure of the effect of perceived safety on user
behaviour.

•

Future research should focus on the impact of other demographic
variables (e.g. gender) and characteristics of the crowd on the
researcher`s proposed constructs.

•

It would be interesting to assess the effects of moderating variables (When
a moderator variable enters the SEM model, the causal effects would
change due to some interaction effect between independent variables and
the moderator variable. As a result, the effects of independent variable on
dependent variable could either increase or decrease).

•

Future research can be conducted using a qualitative approach (e.g.
interview and observation) to explore the reasons behind the feeling of
unsafe of some groups who had the most negative perception of safety at
the Holy Mosque.

195

List of Publications
The following papers have been published based on this PhD thesis:
1. Journal: Alkhadim, M., Gidado, K. and Painting, N. (2018). Risk
management: The effect of FIST on perceived safety in crowded large
space buildings. Safety Science, Elsevier 108, pp.29-38.

2. Journal: Alkhadim, M., Gidado, K., and Painting, N. (2018). Perceived
Crowd Safety in Large Space Buildings: The Confirmatory Factor Analysis
of Perceived Risk Variables. Journal of Engineering, Project, and
Production Management, 8(1), 22-39.

3. Book Chapter: Alkhadim M., Gidado K., Painting N. (2018) Confirmatory
Factor Analysis of Perceived Risk Factors for Crowd Safety in Large
Buildings. In: Şahin S. (eds) 8th International Conference on Engineering,
Project, and Product Management (EPPM 2017). EPPM 2017. Lecture
Notes in Mechanical Engineering. Springer, Cham.

4. Book Chapter: Alkhadim M., Gidado K., Painting N. (2018) Risk
Management: The Relationship Between Perceived Risk Factors of Crowd
Disaster and Perceived Safety in Large Buildings. In: Şahin S. (eds) 8th
International Conference on Engineering, Project, and Product
Management (EPPM 2017). EPPM 2017. Lecture Notes in Mechanical
Engineering. Springer, Cham.

5. Poster (Impact Case Study): Alkhadim, M. and Gidado, K. (2018). The
potential risks in crowded large space buildings: Holy Mosque as a case
study. The 18th Scientific Meeting of Hajj, Umrah and Visit Research:
Under the Patronage of the Custodian of the Two Holy Mosques King
Salman bin Abdul-Aziz Al-Saud the Custodian of the Two Holy
Mosques Institute for Hajj and Umrah Research.
6. Report submission (Impact Case Study): Alkhadim, M. and Gidado, K. The
potential risks in the Holy Mosque part of the deliberations of conference
Grand Hajj Symposium organised by Ministry of Hajj and Umrah. 16-18
Aug 2018.

196

References
Abdelghany, A., Abdelghany, K., Mahmassani, H.S. and Al-gadhi, S.A. (2005),
“Microsimulation Assignment Model for Multidirectional Pedestrian
Movement in Congested Facilities”, Transportation Research Board (TRB),
pp. 123–132.
Alexander, K. (1996), Facilities Management Theory and Practice, Taylor &
Francis, 2002.
Ali, I.M., Hashim, A.E. and Isnin, Z. (2011), “Spectators Safety Awareness in
Outdoor Stadium Facilities”, Procedia Engineering, Vol. 20, pp. 98–104.
Aljohani, A.M. (2014), Pilgrim Crowd Dynamics, The University of Birmingham.
Allport, F.H. (1924), Social Psychology, Boston: Houghton Mifflin Company.
Alnabulsi, H. and Drury, J. (2014), “Social identification moderates the effect of
crowd density on safety at the Hajj”, Proceedings of the National Academy
of Sciences of the United States of America, Vol. 111 No. 25, pp. 9091–
9096.
Alsolami, B., Embi, M.R. and Enegbuma, W.I. (2016), “The Influence of
Personal Factors on Hajj Crowd Perception among African Pilgrim Group in
Mina”, Indian Journal of Science and Technology, Vol. 9 No. December, p.
9.
Anderson, C.A. (2001), “Heat and Violence”, Current Directions in Psychological
Science, Vol. 10 No. 1, pp. 33–38.
Anna, J.E., Abbott, L. and Geddie, M.W. (2001), “Event and Venue
Management: Minimizing Liability Through Effective Crowd Management
Technique”, Event Management, Vol. 6 No. 713, pp. 259–270.
Antwi, S.K. and Hamza, K. (2015), “Qualitative and Quantitative Research
Paradigms in Business Research: A Philosophical Reflection”, European
Journal of Business and Management, Vol. 7 No. 3, pp. 217–225.
Appenzeller, H. (2005), Risk Management In Sport: Issues And Strategies, 2nd
ed.
Araña, J.E. and León, C.J. (2008), “The impact of terrorism on tourism
demand”, Annals of Tourism Research, Vol. 35 No. 2, pp. 299–315.
Arbuckle, J.L. (2013), “IBM SPSS AmosTM 22 User’s Guide”, Amos 22 User’s
Guide, p. 673.
197

Ascoura, I.E. (2013), “Impact of Pilgrimage (Hajj) on the Urban Growth of the
Mecca”, Journal of Educational and Social Research, Vol. 3 No. May, pp.
255–264.
Awang, Z. (2015), SEM Made Simple: A Gentle Approach to Learning Structural
Equation Modeling, MPWS Rich Publication 2015.
Awang, Z., Afthanorhan, A. and Mohamad, M. (2015), “An evaluation of
measurement model for medical tourism research : The confirmatory factor
analysis approach”, International Journal of Tourism Policy, Vol. 6 No.
January, available at:https://doi.org/10.1504/IJTP.2015.075141.
Badewi, A. (2016), “The impact of project management (PM) and benefits
management (BM) practices on project success: Towards developing a
project benefits governance framework”, International Journal of Project
Management, Elsevier Ltd and International Project Management
Association, Vol. 34 No. 4, pp. 761–778.
Barhamain, S.Y. (1997), Facilities Planning and Management for the LargeScale Event Industry: With a Particular Reference to a Typical Mega-Event,
the Hajj (the Pilgrimage to Makkak, Saudi Arabia)., University of
Strathclyde.
Barrett, P. (2007), “Structural equation modelling: Adjudging model fit”,
Personality and Individual Differences, Vol. 42 No. 5, pp. 815–824.
Barrett, P. and Baldry, D. (2003), Facilities Management: Towards Best
Practice, 2nd ed., Oxford: Blackwell Publishing Ltd.
BBC. (2015), “Hajj stampede: At least 717 killed in Saudi Arabia”, BBC NEWS,
available at: http://www.bbc.co.uk/news/world-middle-east-34346449.
Becker, F.D. (1990), The Total Workplace: Facilities Management and the
Elastic Organization, VanNostrand Reinhold, 1990.
Berlonghi, A.E. (1995), “Understanding and planning for different spectator
crowds”, Safety Science, Vol. 18 No. 4, pp. 239–247.
Best, R., Langston, C. and Valence, G. (2003), Workplace Strategies and
Facilities Management, Routledge.
BIFM. (2014), The Facilities Management Professional Standards.
Boateng, E. (2011), The Future of Facility Management in Finland, Jamk
University of Applied Sciences.
198

Bodenmann, G. (2005), “Learning and Behaviour: Definition and Basic
Terminology”, Thieme Journal, Vol. 29 No. 04, pp. 189–194.
Le Bon, G. (1896), The Crowd: A Study of the Popular Mind.
Bonett, D.G. and Wright, T.A. (2014), “Cronbach’s alpha reliability: Interval
estimation, hypothesis testing, and sample size planning”, Journal of
Organizational Behavior, Vol. 36 No. 2, pp. 3–15.
Boo, S. and Gu, H. (2010), “Risk perception of mega-events”, Journal of Sport
and Tourism, Vol. 15 No. 2, pp. 139–161.
Booty, F. (2009), Facilities Management Handbook, 4th ed., Library of
Congress.
Bosina, E. and Weidmann, U. (2017), “Estimating pedestrian speed using
aggregated literature data”, Physica A: Statistical Mechanics and Its
Applications, Elsevier B.V., Vol. 468, pp. 1–29.
BSI. (2011), “Facility Management Part 5 : Guidance on Facility Management
processes”, BSI Standards Publication.
Burkle, F.M. and Hsu, E.B. (2011), “Ram Janki temple: Understanding human
stampedes”, The Lancet, Elsevier Ltd, Vol. 377 No. 9760, pp. 106–107.
Burns, A. (1999), Collaborative Action Research for English Language
Teachers, Cambridge University Press, 1999.
Burns, R.B. (1994), Introduction to Research Methods, 2th ed., Pearson
Education Australia, 1994.
Candy, P.C. (1991), Self-Direction for Lifelong Learning. A Comprehensive
Guide to Theory and Practice, SelfDirection for Lifelong Learning A
Comprehensive Guide to Theory and Practice.
Center for Research on the Epidemiology of Disasters (CRED). (2003),
“Disaster Criteria”, Center for Research on the Epidemiology of Disasters
(CRED), available at: http://www.emdat.be/explanatory-notes.
Challenger, R., Clegg, C.W., Challenger, R. and Clegg, C.W. (2011), “Crowd
disasters : a socio-technical systems perspective Crowd disasters : a sociotechnical systems perspective”, Journal of the Academy of Social Sciences,
Vol. 6 No. 3, pp. 343–360.
Challenger, R., Clegg, C.W. and Robinson, M.A. (2009a), Understanding Crowd
Behaviours: Supporting Evidence, Cabinet Office, Vol. 59, Cabinet Office.
199

Challenger, R., Clegg, C.W. and Robinson, M.A. (2009b), Understanding Crowd
Behaviours: Supporting Documentation, Cabinet Office, Vol. 59, Cabinet
Office, available at:https://doi.org/10.1080/02722018109480726.
Cherryholmes, C.H. (1992), “Notes on pragmatism and scientific realism”,
Educational Research, Vol. 21 No. 6, pp. 13–17.
Chin, W.W., Marcoling, B.L. and Newsted, P.R. (2003), “A partial least squares
latent variable modeling approach for Measuring Interaction Effects:
Results from a Monte Carlo Simulation Study and an Elctronic-Mail
Emotion/Adoption Study”, Information System Research, Vol. 14 No. 2, pp.
189–217.
Chinda, T. (2011), “The Use of Safety Assessment Approach in Improving
Safety: Case Studies”, Journal of Engineering, Project, and Production
Management, Vol. 20–21.
Choi, Y. (2013), A Structural Equation Model of the Determinants of Repeat
Purchase Behaviour of Online Grocery Shoppers in the UK, Newcastle
University.
Chotipanich, S. (2004), “Positioning facility management”, Facilities, Vol. 22, pp.
364–372.
Chukwuma, A. and Kingsley, C. (2014), “Disaster Risks in Crowded Situations :
Contemporary Manifestations and Implications of Human Stampede in
Nigeria”, International Journal of Liberal Arts and Social Science, Vol. 2 No.
3, pp. 87–98.
Churchill, G.A. (1979), “A paradigm for Developing Better Measures of
Marketing Constructs”, A Journal of Marketing Research, Vol. 16 No. 1, pp.
64–73.
Cohen, L., Manion, L. and Morrison, K. (2007), Research Methods in Education,
Education, 6th ed., Vol. 55, available at:https://doi.org/10.1111/j.14678527.2007.00388_4.x.
Collis, J. and Hussey, R. (2009), “Business research: a practical guide for
undergraduate and postgraduate students”, Palgrave Macmillan UK, Vol.
3rd, p. 420.
Collis, J. and Hussey, R. (2014), Business Research: A Practical Guide for
Undergraduate and Postgraduate Students, Palgrave Macmillan, 4th ed.
200

Connely, L.M. (2011), “Cronbach’s Alpha”, Medsurg Nursing, Vol. 20 No. 1, pp.
44–46.
Cornes, F.E., Frank, G.A. and Dorso, C.O. (2017), “High pressures in room
evacuation processes and a first approach to the dynamics around
unconscious pedestrians”, Physica A: Statistical Mechanics and Its
Applications, Vol. 484, pp. 282–298.
Creswell, J.W. (1994), Research Design: Qualitative & Quantitative Approaches
Research Design: Qualitative & Quantitative Approaches, John W.
Creswell, Sage Publications, 1994.
Creswell, J.W. (2003), Research Design: Qualitative, Quantitative and Mixed
Methods Approaches, 2, illustr ed., Sage Publications, 2003.
Creswell, J.W. (2014a), Research Design: Qualitative, Quantitative, and Mixed
Methods Approaches, Fourth Edi., Sage publications.
Creswell, J.W. (2014b), Research Design (International Student Edition):
Qualitative, Quantitative, and Mixed Methods Approaches, 4th ed., SAGE
Publications, 2013.
Crotty, M. (1998), The Foundations of Social Research: Meaning and
Perspective in the Research Process, SAGE, 1998.
Daniel, J. (2011), Sampling Essentials: Practical Guidelines for Making
Sampling Choices, SAGE, 2011.
Daniel, P.S. and Sam, A.G. (2011), Research Methodology, Gyan Publishing
House, 2011.
David V. Canter, Miriam Comber, D.L.U. (1989), Football in Its Place: An
Environmental Psychology of Football Grounds, Routledge, 1989.
Davis, M.C., Challenger, R., Jayewardene, D.N.W. and Clegg, C.W. (2014),
“Advancing socio-technical systems thinking : A call for bravery”, JERG,
Elsevier, Vol. 45 No. 2, pp. 171–180.
Dawson, C.P. and Watson, A.E. (2000), “Measures of Wilderness Trip
Satisfaction and User Perceptions of Crowding”, USDA Forest Service
Proceedings RMRS, Vol. 4, pp. 93–98.
Dear, K. and Wang, Z. (2015), “Climate and health: Mortality attributable to heat
and cold”, The Lancet, Vol. 386 No. 9991, pp. 320–322.
DeVellis, R.F. (2003), Scale Development: Theory and Applications, SAGE
201

Publications, Vol. 26, SAGE Publications, 1991.
Diaz, J., Linares, C. and Tobias, A. (2006), “A critical comment on heat wave
response plans”, European Journal of Public Health, Vol. 16 No. 6, p. 600.
Dickie, J.F. (1995), “Major crowd catastrophes”, Safety Science, Vol. 18 No. 4,
pp. 309–320.
DiPasquale, D. and Glaeser, E.L. (1996), “The Los Angeles Riot and the
Economics of Urban Unrest Denise”, NBER Working Paper Series, Vol. 43
No. 5456, pp. 52–78.
Do, T., Haghani, M. and Sarvi, M. (2016), “Group and Single Pedestrian
Behavior in Crowd Dynamics”, Transportation Research Record: Journal of
the Transportation Research Board, Vol. 2540, pp. 13–19.
Donald, G. and Page, S.J. (2016), Event Studies: Theory, Research and Policy
for Planned Events, 3th ed., Routledge.
Drury, J., Coucking, C., Reicher, S., Burton, A., Schofield, D., Hardwick, A.,
Graham, D., et al. (2009), “Cooperation versus competition in a mass
emergency evacuation: A new laboratory simulation and a new theoretical
model”, Behavior Research Methods, Vol. 41 No. 3, pp. 957–970.
Enoma, A. (2005), “The role of facilities management at the design stage.”,
Annual ARCOM Conference, Vol. 1, University of London, pp. 421–30.
Fornell, C. and Larcker, D.F. (1981), “Structural Equation Models With
Unobservable Variables and Measurement Error : Algebra and Statistics”,
Journal of Marketing Research, Vol. 382–388.
Forsyth, D.R. (2010), Group Dybamics, 5th ed.
Fowler, F.J. (2013), Survey Research Methods, Applied Social Research
Methods Series, SAGE Publications, 2013.
Fridolf, K., Nilsson, D. and Frantzich, H. (2016), “Evacuation of a Metro Train in
an Underground Rail Transportation System: Flow Rate Capacity of Train
Exits, Tunnel Walking Speeds and Exit Choice”, Fire Technology, Vol. 52
No. 5, pp. 1481–1518.
Frosdick, S. (1999), Beyond Football Hooliganism, Sport and Safety
Management.
Fruin, J.J. (1993), “The causes and prevention of crowd disasters”, Engineering
for Crowd Safety, pp. 1–10.
202

Gad-el-Hak, M. (2008), Large-Scale Disasters Prediction, Control, and
Mitigation, cambridge university press.
Gaskin, J. (2016a), “Confirmatory Factor Analysis”, Gaskination’s StatWiki,
available at:
http://statwiki.kolobkreations.com/index.php?title=Confirmatory_Factor_Ana
lysis.
Gaskin, J. (2016b), “Exploratory Factor Analysis”, Gaskination’s StatWiki,
available at: http://statwiki.kolobkreations.com.
Gaskin, J. and Lim, J. (2016), “Model Fit Measures”, Gaskination’s StatWiki,
Vol. AMOS Plugi.
Gayathri, H., Aparna, P.M. and Verma, A. (2017), “A review of studies on
understanding crowd dynamics in the context of crowd safety in mass
religious gatherings”, International Journal of Disaster Risk Reduction,
Elsevier Ltd, Vol. 25 No. March, pp. 82–91.
Gelling, L. (2015), “Qualitative Research”, Qualitative Research, Vol. 4 No. 29,
pp. 43–47.
George, R. and Mawby, R.I. (2015), “Security at the 2012 London Olympics:
Spectators’ perceptions of London as a safe city”, Security Journal, Nature
Publishing Group, Vol. 28 No. 1, pp. 93–104.
George, R. and Swart, K. (2012), “International tourists’ perceptions of crimerisk and their future travel intentions during the 2010 FIFA World Cup TM in
South Africa”, Journal of Sport and Tourism, Vol. 17 No. 3, pp. 201–223.
Ghulman, H.A. (2010), “Improving effeciency of the operational procedure for
Tawaf”, International Congress of Fluid Dynamics ICFD, Egypt, pp. 1–7.
Goh, K.S. (2008), Corporate Governance Practices of Malaysian Chinese
Family Owned Business, Thesis.
Golas, A., Narain, R. and Lin, M.C. (2014), “Continuum modeling of crowd
turbulence”, Physical Review E - Statistical, Nonlinear, and Soft Matter
Physics, Vol. 90 No. 4, pp. 1–10.
Goldblatt, J. (1996), “Event Management ”, Festival Management and Event
Tourism, Vol. 4, pp. 157–158.
Graefe, A.R., Vaske, J.J. and Kuss, F.R. (1984), “Social carrying capacity : An
integration and synthesis of twenty years of research”, Leisure Sciences,
203

Vol. 6 No. 4, pp. 395–431.
Grimshaw, B. (1999), “Facilities management : the wider implications of
managing change”, Facilities, Vol. 7, pp. 24–30.
Guba, E.G. and Lincoln, Y.S. (1994), “Competing Paradigms in Qualitative
Research”, Handbook of Qualitative Research, pp. 105–117.
Guttry, A. de. (2012), International Disaster Response Law, Springer Science &
Business Media, 2012.
Haghani, M. and Sarvi, M. (2018), “Crowd behaviour and motion: Empirical
methods”, Transportation Research Part B: Methodological, Elsevier Ltd,
Vol. 107, pp. 253–294.
Hair, J.F., Black, W.C., Babin, J. and Anderson, R.E. (2010), Multivariate Data
Analysis, Pearson, 7th ed., Pearson, 2009.
Halabi, W. (2006), Overcrowding and the Holy Mosque, Makkah, Saudi Arabia,
Newcastle University Library, University of Newcastle.
Hashim, H. and Nabulsi, A. (2015), The Crowd Psychology of the Hajj,
University of Sussex.
Helbing, D. and Johansson, A. (2009), “Pedestrian, Crowd and Evacuation
Dynamics”, Media, Vol. 16 No. 4, pp. 6476–6495.
Helbing, D., Johansson, A. and Al-Abideen, H.Z. (2007), “Dynamics of crowd
disasters: An empirical study”, Physical Review E - Statistical, Nonlinear,
and Soft Matter Physics, Vol. 75, available
at:https://doi.org/10.1103/PhysRevE.75.046109.
Helbing, D. and Mukerji, P. (2012), “Crowd disasters as systemic failures:
analysis of the Love Parade disaster”, EPJ Data Science, Vol. 1 No. 1, pp.
1–40.
Hendrickson, C and Au, T. (1988), Management for Construction Fundamental
Concept for Owners, Engineers, Architects and Builders, New Jersey:
Prentice-hall Inc.
Higgins, J.P.T. and Green, S. (2008), Definition of Qualitative Research.
Cochrane Handbook for Systematic Reviews of Interventions, Library, Vol.
5.0.1.
Hooper, D., Coughlan, J. and Mullen, M. (2008), “Structural Equation
Modelling : Guidelines for Determining Model Fit Structural equation
204

modelling : guidelines for determining model fit”, Dublin Institute of
Technology ARROW @ DIT, Vol. 6 No. 1, pp. 53–60.
Hoseini, S.H., Aslankhani, M.A., Abdoli, B. and Mohammadi, F. (2011), “The
relationship between the number of crowds with anxiety and the function of
the soccer premier league’s referees”, Procedia - Social and Behavioral
Sciences, Vol. 30 No. 2010, pp. 2374–2378.
Howe, K.R. (1988), “Against the Quantitative-Qualitative Incompatibility Thesis
or Dogmas Die Hard”, Educational Researcher, Vol. 17 No. 8, pp. 10–16.
Hox, J.. and Becher, T.. (1998), “An Introduction to Structural Equation
Modeling”, Family Science Review, Vol. 11, pp. 354–373.
HSE, H. and S.E. (2000a), Managing Crowds Safely: A Guide for Organisers at
Events and Venues, Health and Safety Executive Books.
HSE, S.E. (2000b), “Managing crowds safely”, Review Literature And Arts Of
The Americas, pp. 1–63.
Hu, L. and Bentler, P.M. (1999), “Cutoff criteria for fit indexes in covariance
structure analysis: Conventional criteria versus new alternatives”, Structural
Equation Modeling: A Multidisciplinary Journal, Vol. 6 No. 1, pp. 1–55.
Hughes, R.L. (2003), “The Flow of Human Crowds”, Annual Review of Fluid
Mechanics, Vol. 35 No. 1997, pp. 169–182.
IFMA. (2010), “Homepage of the international facilities management
association”.
Illiyas, F.T., Mani, S.K., Pradeepkumar, A.P. and Mohan, K. (2013), “Human
stampedes during religious festivals: A comparative review of mass
gathering emergencies in India”, International Journal of Disaster Risk
Reduction, Elsevier, Vol. 5, pp. 10–18.
Imenda, S. (2014), “Is There a Conceptual Difference between Theoretical and
Conceptual Frameworks ?”, Journal of Social Sciences, Vol. 38 No. 2, pp.
185–195.
International Labour Office. (1988), Major Hazard Control: A Practical Manual :
An ILO Contribution to the International Programme on Chemical Safety of
UNEP, ILO, WHO (IPCS)., International Labour Organization, 1988,
Cambridge, available at:
https://books.google.co.uk/books?id=694e5QW8WRQC.
205

Janajrah, M. and Virk, M.S. (2014), “CFD Based Numerical Study of Pilgrim ’ s
Movement around Kaab ’ a”, The International Journal of Sciences: Basic
and Applied Research (IJSBAR), Vol. 13, pp. 232–243.
Jian, X.-X. and Zhang, X. (2014), “Potential Field Cellular Automata Model for
Pedestrian Evacuation in a Domain with a Ramp Xiao-Xia”, Mathematical
Problems in Engineering, p. 7.
Jones, P. and Peppiatt, E. (1996), “Managing perceptions of waiting times in
service queues”, International Journal of Service Industry Management,
Vol. 7 No. 5, pp. 47–61.
Kalkstein, L.S. and Greene, J.S. (1997), “An evaluation of climate/mortality
relationships in large U.S. cities and the possible impacts of a climate
change”, Environmental Health Perspectives, Vol. 105 No. 1, pp. 84–93.
Keller, A.Z. and Al-Madhari, A.F. (1996), “Risk management and disasters”,
Disaster Prevention and Management: An International Journal, available
at:https://doi.org/10.1108/09653569610131744.
Keller, A.Z., Meniconi, M., Al-Shammari, I. and Cassidy, K. (1997), “Analysis of
fatality, injury, evacuation and cost data using the Bradford Disaster Scale”,
Disaster Prevention and Management: An International Journal, available
at:https://doi.org/10.1108/09653569710162433.
Kemp, C. and Moore, T. (2010), A Review of the Management of Crowd Safety
at Outdoor Street Special Events.
Kendrick, V.L. (2013), The User Experience of Crowds, Loughborough
University.
Kenny, D.A. (2015), “Measuring Model Fit”, available at:
http://davidakenny.net/cm/fit.htm.
Khan, I. (2012), Hajj Crowd Management: Discovering Superior Performance
with Agent-Based Modeling and Queueing Theory, University of Manitoba,
available at: http://mspace.lib.umanitoba.ca/handle/1993/13698.
Khir, M.M. (2014), “Developing an event safety risk typology: A qualitative study
of risk perception amongst event planners and venue managers in
malaysia”, No. March.
Kim, D., Lee, K. and Sirgy, J. (2016), “Examining the differential impact of
human crowding versus spatial crowding on visitor satisfaction at a
206

festival”, Journal of Travel & Tourism Marketing, Routledge, Vol. 33 No. 3,
pp. 293–312.
Kim, S. (2003), “Research paradigms in organizational learning and
performance: competing mode...”, Information Technology, Learning and
Performance Journal, Vol. 21 No. 1, pp. 9–18.
Kline, R.B. (2011), Principles and Practice of Structural Equation Modeling,
Analysis, Vol. 77, available at:https://doi.org/10.1038/156278a0.
Koshak, N.A. and Fouda, A. (2008), “Analyzing Pedestrian Movement in Mataf
Using GPS and GIS to Support Space Redesign”, Design and Decision
Support Systems (DDSS) in Architecture and Urban Planning, pp. 1–14.
Kothari, C. (2004), Research Methodology: Methods and Techniques, Vasa.
Kozak, M., Crotts, J.C. and Law, R. (2007), “The impact of the perception of risk
on international travellers”, International Journal of Tourism Research, Vol.
9 No. 4, pp. 233–242.
Krausz, B. and Bauckhage, C. (2012), “Loveparade 2010: Automatic video
analysis of a crowd disaster”, Computer Vision and Image Understanding,
Elsevier Inc., Vol. 116 No. 3, pp. 307–319.
von Krüchten, C. and Schadschneider, A. (2017), “Empirical study on social
groups in pedestrian evacuation dynamics”, Physica A: Statistical
Mechanics and Its Applications, Elsevier B.V., Vol. 475, pp. 129–141.
Kumar, R. (2010), Research Methodology: A Step-by-Step Guide for Beginners,
SAGE, 2010.
Lambert, D.M., Stock, J.R. and Ellram, L.M. (1998), “Fundamentals of Logistics
Management”, New York Irwin, McGraw-Hill/Irwin.
Leopkey, B. and Parent, M.M. (2009), “Risk Management Issues in Large-scale
Sporting Events: a Stakeholder Perspective”, European Sport Management
Quarterly, Vol. 9 No. 2, pp. 187–208.
Lincoln, Y. and Guba, E.G. (2000), Paradigmatic Controversies, Contradictions,
and Emerging, edited by 1ed, Sage publications, 2000.
Lincoln, Y., Lynham, S.. and Guba, E.G. (2011), “Paradigmatic controversies,
contradictions, and emerging confluences, revised.”, in Norman K. Denzin,
Y.S.L. (Ed.), Handbook of Qualitative Research, 4th ed., Sage, pp. 97–128.
Lincoln, Y.S. and Guba, E.G. (1985), Naturalistic Inquiry, Naturalistic Inquiry.
207

Lloyd, K., Rosin, P.L., Marshall, D. and Moore, S.C. (2017), “Detecting violent
and abnormal crowd activity using temporal analysis of grey level cooccurrence matrix ( GLCM ) -based texture measures”, Machine Vision and
Applications, Springer Berlin Heidelberg, available
at:https://doi.org/10.1007/s00138-017-0830-x.
Lovreglio, R., Fonzone, A., dell’Olio, L. and Borri, D. (2016), “A study of herding
behaviour in exit choice during emergencies based on random utility
theory”, Safety Science, Elsevier Ltd, Vol. 82, pp. 421–431.
Lowe, D., Ebi, K.L. and Forsberg, B. (2011), “Heatwave early warning systems
and adaptation advice to reduce human health consequences of
heatwaves”, International Journal of Environmental Research and Public
Health, Vol. 8 No. 12, pp. 4623–4648.
Lum, C., Kennedy, L.W. and Sherley, A. (2006), “Are counter-terrorism
strategies effective? the results of the Campbell systematic review on
counter-terrorism evaluation research”, Journal of Experimental
Criminology, Vol. 2 No. 4, pp. 489–516.
Lynch, B.K. (1995), Language Program Evaluation Theory and Practice,
Cambridge University Press.
Maccallum, R.C., Browne, M.W. and Sugawara, H.M. (1996), “Power analysis
and determination of sample size for covariance structure modeling of fit
involving a particular measure of model”, Psychological Methods, Vol. 13
No. 2, pp. 130–149.
Machielse, W. (2015), Perceived Safety in Public Spaces: A Quantitative
Investigation of the Spatial and Social Influences on Safety Perception
among Young Adults in Stockholm.
Mahmood, I., Haris, M. and Sarjoughian, H. (2017), “Analyzing Emergency
Evacuation Strategies for Mass Gatherings using Crowd Simulation And
Analysis framework: Hajj Scenario”, SIGSIM-PADS ’17 Proceedings of the
2017 ACM SIGSIM Conference on Principles of Advanced Discrete
Simulation, pp. 231–240.
Marshall, C. and Rossman, G.B. (2006), “Designing qualitative research”,
Thousand Oaks, Sage Publications, 2006.
McDonald, R.P. and Ho, M.-H.R. (2002), “Principles and practice in reporting
208

structural equation analyses.”, Psychological Methods, Vol. 7 No. 1, pp.
64–82.
Mehta, V. (2013), The Street: A Quintessential Social Public Space, Routledge,
2013.
Merriam, S.B. (1998), Qualitative Research and Case Study Applications in
Education: Revised and Expanded from I Case Study Research in
Education/I, Qualitative Research.
Mertens, D.M. (1998), Research Methods in Education and Psychology:
Integrating Diversity with Quantitative and Qualitative Approaches, Sage
Publications, 1998.
Mertens, D.M. (2010), Research and Evaluation in Education and Psychology:
Integrating Diversity With Quantitative, Qualitative, and Mixed Methods,
SAGE, 2009.
Middleton, M. and Franks, A. (2001), “Using risk matrices”, Chemical Engineer.
Miller, K. (2015), “Behind the Mecca Stampede: When Crowd Mentality Meets
Panic”, Yahoo.
Mitroff, I.I. (1988), “Crisis Management: Cutting Through the Confusion”, Sloan
Management Review.
Moller, N., Hansson, S.O.V.E. and Peterson, M. (2006), “Safety is more than
the antonym of risk”, Journal of Applied Philosophy, Vol. 23 No. 4, pp. 419–
432.
Momboisse, R. (1967), Riots, Revolts and Insurrections, Springfield, IL : Charles
C. Thomas Publisher.
Moussaïd, M., Kapadia, M., Thrash, T., Sumner, R.W., Gross, M., Helbing, D.
and Hölscher, C. (2016), “Crowd behaviour during high-stress evacuations
in an immersive virtual environment”, Journal of the Royal Society
Interface, Vol. 13 No. 122, pp. 4–11.
Mulaik, S. a., James, L.R., Van Alstine, J., Bennett, N., Lind, S. and Stilwell,
C.D. (1989), “Evaluation of goodness-of-fit indices for structural equation
models.”, Psychological Bulletin, Vol. 105 No. 3, pp. 430–445.
Mullins, L.J. (2007), Management and Organisational Behaviour, Professional
Manager, 8th editio.
Musse, S.R. and Thalmann, D. (1997), “A Model of Human Crowd Behavior :
209

Group Inter-Relationship and Collision Detection Analysis”, Computer
Animation and Simulations, pp. 39–51.
Myeda, N.E. and Pitt, M. (2014), “Facilities management in Malaysia”, Facilities,
Vol. 32 No. 9/10, pp. 490–508.
Myers, D.G. (1990), Social Psychology, 3rd ed., McGraw-Hill, 1990.
National Disaster Management Authority (NDMA). (2014), Managing Crowd at
Events and Venues of Mass Gathering.
National Disaster Management Authority of India. (2014), “Managing Crowds: A
Guide for Administrators and Organizers of Events and Venues”.
Nazali, M., Noor, M. and Pitt, M. (2009), “A critical review on innovation in
facilities management service delivery”, Vol. 27 No. 5/6, pp. 211–228.
Neuman, W.L. (2000), Social Research Methods: Qualitative and Quantitative
Approaches, Book.
Neuman, W.L. (2013), Social Research Methods: Qualitative and Quantitative
Approaches, 7th ed., Pearson Education, 2013.
NHS, E. (1996), RE-Engineering the Facilities Management Service.
Nicholson, C.E. and Roebuck, B. (1995), “The investigation of the Hillsborough
disaster by the Health and Safety Executive”, Vol. 18, pp. 249–259.
Nicolas, A., Bouzat, S. and Kuperman, M.N. (2017), “Pedestrian flows through a
narrow doorway: Effect of individual behaviours on the global flow and
microscopic dynamics”, Transportation Research Part B: Methodological,
Elsevier Ltd, Vol. 99, pp. 30–43.
Nourse, H.O. (1990), Managerial Real Estate: Corporate Real Estate Asset
Management, Prentice Hall PTR, 1990.
Novelli, D., Drury, J., Reicher, S. and Stott, C. (2013), “Crowdedness mediates
the effect of social identification on positive emotion in a crowd: A survey of
two crowd events”, PLoS ONE, Vol. 8 No. 11, pp. 1–8.
Nunan, D. (1992), Research Methods in Language Learning, Studies in Second
Language Acquisition, Vol. 16, available
at:https://doi.org/10.1017/S0272263100012924.
O’Connell, T.S.B.C. (2009), Group Dynamics in Recreation and Leisure:
Creating Conscious Groups Through an Experiential Approach, illustrate.,
Human Kinetics, 2009.
210

Oakes, S. and North, A.C. (2008), “Using music to influence cognitive and
affective responses in queues of low and high crowd density”, Journal of
Marketing Management, Vol. 24 No. 5–6, pp. 589–602.
Pallant, J. (2005), SPSS Survival Manual: A Step by Step Guide to Data
Analysis Using SPSS, 2th ed., Allen & Unwin,2005.
Parent, M.M. (2008), “Evolution and Issue Patterns for Major-Sport-Event
Organizing Committees and Their Stakeholders”, Journal of Sport
Management, Vol. 22 No. 2, pp. 135–164.
Parker, D. (1992), The Mismanagement of Hazards – Hazard Management and
Emergency Planning, Perspective on Britain, James & James, London.
Patz, J. a, Engelberg, D. and Last, J. (2000), “The effects of changing weather
on public health.”, Annual Review of Public Health, Vol. 21, pp. 271–307.
Peacock, R.D., Hoskins, B.L. and Kuligowski, E.D. (2012), “Overall and local
movement speeds during fire drill evacuations in buildings up to 31 stories”,
Safety Science, Elsevier Ltd, Vol. 50 No. 8, pp. 1655–1664.
Peterson, R.A. and Peterson, R.A. (1994), “A Meta-analysis of Cronbach’s
Coefficient Alpha”, Journal of Consumer Research, Vol. 21 No. September
1994, available at:https://doi.org/10.1086/209405.
Petroski, H. (1992), To Engineer Is Human: The Role of Failure in Successful
Design.
Rahmat, N., Jusoff, K., Ngali, N., Ramli, N., Md Zaini, Z.M., Samsudin, A., Abd
Ghani, F., et al. (2011), “Crowd Management Strategies and Safety
Performance among Sports Tourism Event Venue Organizers in Kuala
Lumpur and Selangor”, World Applied Sciences Journal, Vol. 12 No. 12,
pp. 47–52.
Rail Safety and Standards Board (RSSB). (2003), Managing Large Events and
Perturbations at Stations-Literature Review, World Wide Web Internet And
Web Information Systems.
Raineri, A.S. (2015), Behavioural Risk at Outdoor Music Festivals University of
Southern Queensland Behavioural Risk at Outdoor Music Festivals,
available at:https://doi.org/10.13140/RG.2.1.4615.1523.
Ramesh, M.V., Shanmughan, A. and Prabha, R. (2013), “Context aware ad hoc
network for mitigation of crowd disasters”, Ad Hoc Networks, Elsevier B.V.,
211

Vol. 18, pp. 55–70.
Richard L. Best, N.F.P.A. (1978), Reconstruction of a Tragedy: The Beverly
Hills Supper Club Fire, Southgate, Kentucky, May 28, 1977, National Fire
Protection Association, 1978.
Riebau, A.R. and Qu, J.J.H. (2005), Natural Disasters and Extreme Events in
Agriculture, edited by Sivakumar, M.V.K., Motha, R.P. and Das,
H.P.Natural Disasters and Extreme Events in Agriculture: Impacts and
Mitigation, Springer-Verlag, Berlin/Heidelberg, available
at:https://doi.org/10.1007/3-540-28307-2.
Robine, J.M., Cheung, S.L.K., Le Roy, S., Van Oyen, H., Griffiths, C., Michel,
J.P. and Herrmann, F.R. (2008), “Death toll exceeded 70,000 in Europe
during the summer of 2003”, Comptes Rendus - Biologies, Vol. 331 No. 2,
pp. 171–178.
Ronchi, E., Kuligowski, E.D., Peacock, R.D. and Reneke, P.A. (2014), “A
probabilistic approach for the analysis of evacuation movement data”, Fire
Safety Journal, Elsevier, Vol. 63, pp. 69–78.
Rossman, G.B. and Wilson, B.L. (1985), “Numbers and Words: Combining
Quantitative and Qualitative Methods in a Single Large-Scale Evaluation
Study”, Evaluation Review, Vol. 9 No. 5, pp. 627–643.
Sadiq, F.I., Selamat, A. and Ibrahim, R. (2017), “Improved stampede prediction
model on context-awareness framework using machine learning
techniques”, Advances in Intelligent Systems and Computing, Vol. 532, pp.
39–51.
Sadiq, F.I., Selamat, A. and Ibrahim, R. (2018), “Crowd Abnormality Prediction
on Context-Awareness Framework Using Walking Day Movement Model”,
Advanced Science Letters, Vol. 24, pp. 3626–3631.
Sadiq, F.I., Selamat, A., Ibrahim, R., Selamat, M.H. and Krejcar, O. (2017),
“Stampede prediction based on individual activity recognition for contextaware framework sing sensor-fusion in a crowd scenarios”, Frontiers in
Artificial Intelligence and Applications, Vol. 297, pp. 385–396.
Sagun, A., Anumba, C.J. and Bouchlaghem, D. (2013), “Designing Buildings to
Cope with Emergencies: Findings from Case Studies on Exit Preferences”,
Buildings, Vol. 3, pp. 442–461.
212

Sagun, A., Bouchlaghem, D. and Anumba, C.J. (2008), “Building Design
Information and Requirements for Crowd Safety During Disasters”,
Resilient Organisations, No. APRIL.
Sakellariou, I., Kurdi, O., Gheorghe, M., Romano, D. and Kefalas, P. (2014),
“Crowd Formal Modelling and Simulation : The Sa ’ yee Ritual”, IEEE.
Saldivar, M.G. (2012), A Primer on Survey Response Rate.
Sánchez, J.M., Carrera, Á., Iglesias, C. and Serrano, E. (2016), “A participatory
agent-based simulation for indoor evacuation supported by Google glass”,
Sensors (Switzerland), Vol. 16 No. 9, pp. 1–17.
Santos-Reyes, J. and Olmos-Peña, S. (2017), “Analysis of the ‘News Divine’
stampede disaster”, Safety Science, Vol. 91 No. June 2008, pp. 11–23.
Sarmady, S., Haron, F. and Zawawi, A. (2011), “Simulation Modelling Practice
and Theory A cellular automata model for circular movements of
pedestrians during Tawaf”, Simulation Modelling Practice and Theory,
Elsevier B.V., Vol. 19 No. 3, pp. 969–985.
Sarmady, S., Haron, Mohd Salahudin, M.M. and Talib, A.Z.H. (2012),
“Evaluation of Existing software for simulating of crowd at Masjid AlHaram”, pp. 137–145.
Saunders, M., Lewis, P. and Thornhill, A. (2009), Research Methods for
Business Students, Research Methods for Business Students, British
Library.
Schafer, J.A., Hassan, S., Yukl, G., Prussia, G.E., Amit, K., Popper, M., Gal, R.,
et al. (2015), “Policing : An International Journal of Police Strategies &
Management Article information ”:
Schutt, R. (2006), Investigating the Social World with SPSS Student Version
14.0: The Process and Practice of Research, SAGE Publications, 5th
editio., Pine Forge Press, 2006.
Shaluf, I.M. (2007a), “Disaster types”, Disaster Prevention and Management:
An International, Vol. 16 No. 5 pp, pp. 704–717.
Shaluf, I.M. (2007b), “Disaster types”, Disaster Prevention and Management,
Vol. 16 No. 5, pp. 704–717.
Shaluf, I.M. (2008), “Technological disaster stages and management”, Disaster
Prevention and Management, Vol. 17 No. 1, pp. 114–126.
213

Shaluf, I.M. and Ahmadun, F.-R. (2006), “Disaster types in Malaysia: an
overview”, Disaster Prevention and Management, Vol. 15 No. 2, pp. 286–
298.
Shapiro, heskett J. (1985), “Logistics Strategys. Cases and Concepts”, West
Group.
Shiwakoti, N. and Sarvi, M. (2013), “Understanding pedestrian crowd panic: A
review on model organisms approach”, Journal of Transport Geography,
Vol. 26, pp. 12–17.
Silke, a. (2001), “The Devil You Know: Continuing Problems with Research on
Terrorism”, Terrorism and Political Violence, Vol. 13 No. 4, pp. 1–14.
Silvers, J.R. (2008), Risk Management for Meetings and Events, Routledge.
Sim, J. and Wright, C. (2000), Research in Health Care: Concepts, Designs and
Methods, illustrate., Nelson Thornes, 2000.
Sime, J.D. (1995), “Crowd psychology and engineering”, Safety Science, Vol.
21 No. 1, pp. 1–14.
Sime, J.D. (1999), “Crowd facilities, management and communications in
disasters”, Facilities, Vol. 17 No. 9/10, pp. 313–324.
Song, X.-Y. and Lee, S.-Y. (2012), Basic and Advanced Bayesian Structural
Equation Modeling, available at:https://doi.org/10.1002/9781118358887.
Sorensen, M. and Mosslemi, M. (2009), The Effect of Road Safety Measures on
Subjective Safety among Vulnerable Road Users.
Still, G.K. (2000), Crowd Dynamics, University of Warwick, available
at:https://doi.org/10.1002/9783527610006.ch16.
Still, G.K. (2016), “Crowd safety and Risk analysis”, available at:
http://www.gkstill.com/ExpertWitness/CrowdDisasters.html.
Stokes, S. (2015), “Food security and permanent residents of caravan parks”,
Journal of the Australian Institute of Environmental Health.
Tabachnick, B.G. and Fidell, L.S. (2007), Using Multivariate Statistics,
PsycCRITIQUES, Vol. 28, available at:https://doi.org/10.1037/022267.
Tang, C.H., Wu, W.T. and Lin, C.Y. (2009), “Using virtual reality to determine
how emergency signs facilitate way-finding”, Applied Ergonomics, Elsevier
Ltd, Vol. 40 No. 4, pp. 722–730.
Taylor, A.H., Daniel, J. V., Leith, L. and Burke, R.J. (1990), “Perceived stress,
214

psychological burnout and paths to turnover intentions among sport
officials”, Journal of Applied Sport Psychology, Vol. 2 No. 1, pp. 84–97.
Taylor, T. and Toohey, K. (2011), “Ensuring safety at Australian sport event
precincts: Creating securitised, sanitised and stifling spaces?”, Urban
Studies, Vol. 48 No. 15, pp. 3259–3275.
The Regional Office for Europe of the World Health Organization. (2011), “HeatHealth Action Plan”, World Health Organization, p. 60.
Then, D.S. (1999), “An integrated resource management view of facilities
management”, Vol. 17, pp. 462–469.
Tilly, C. (2004), “Terror, Terrorism, Terrorists”, Sociological Theory, Vol. 22, pp.
5–13.
Torrens, P.M. and McDaniel, A.W. (2012), “Modeling Geographic Behavior in
Riotous Crowds”, Annals of the Association of American Geographers, Vol.
103 No. April 2009, p. 120619095844009.
Tseng, Y.P., Kyle, G.T., Shafer, C.S., Graefe, A.R., Bradle, T. a. and Schuett,
M. a. (2009), “Exploring the crowding-satisfaction relationship in
recreational boating”, Environmental Management, Vol. 43 No. 3, pp. 496–
507.
Türkseven Doğrusoy, I. and Zengel, R. (2017), “Analysis of perceived safety in
urban parks: A field study in Büyükpark and Hasanaga Park”, Metu Journal
of the Faculty of Architecture, Vol. 34 No. 1, pp. 63–84.
Turner, B.A. and Pedgeon, N.. (1997), Man-Made Disasters, 2nd ed., Boston :
Butterworth-Heinemann.
US DoD. (2015), “Department of Defense Dictionary of Military and Associated
Terms”, US Department of Defense Joint Publication, Vol. 2001 No. June,
pp. 1–513.
Venkatesh, V., Brown, S. a and Bala, H. (2013), “Bridging the qualitativequantitative divide: Guidelines for conducting mixed methods research in
information systems”, MIS Quarterly, Vol. 37 No. 1, pp. 21–54.
Vermuyten, H., Beliën, J., De Boeck, L., Reniers, G. and Wauters, T. (2016), “A
review of optimisation models for pedestrian evacuation and design
problems”, Safety Science, Elsevier Ltd, Vol. 87, pp. 167–178.
Wagoum, A.U.K., Tordeux, A. and Liao, W. (2017), “Understanding human
215

queuing behaviour at exits: An empirical study”, Royal Society Open
Science, Vol. 4 No. 1, available at:https://doi.org/10.1098/rsos.160896.
Warr, M. (1990), “Dangerous Situations - Social-Context and Fear of
Victimization”, Social Forces, Vol. 68 No. 31777, pp. 891–907.
Watson, R. (2015), “Quantitative Research”, Art & Science, Vol. 5 No. 29, p.
44–48.
Westover, T.N. (1981), “Perceived Crowding in Recreational Settings: An
Environment-Behavior Model”, Environment and Behavior, Vol. 21 No. 3,
pp. 258–276.
Wideman, R.M. (1992), Project and Program Risk Management: A Guide to
Managing Project Risks and Opportunities (PMBOK Handbooks), Project
Management Institute; Preliminary Ed. for Trial Use edition (May 1, 1992).
Wieringa, S., Daamen, W., Hoogendoorn, S. and Gelder, V. (2016),
“Framework to mitigate risks of crowd disasters at mass events in public
urban space”, Transportation Research Board (TRB), No. January.
Wieringa, S.H.P. (2015), Planning Safe Pedestrian Mass Events.
Wildavsky, A. and Dake, K. (1990), “Theories of risk perception: Who fears what
and why?”, Daedalus, Vol. 119 No. 4, pp. 41–60.
Xie, S., Wong, S.C. and Lam, W.H.K. (2016), “Microscopic decision model for
pedestrian route choice at signalized crosswalks”, Journal of Advanced
Transportation, Vol. 50, pp. 1181–1192.
Yang, S. and Wyckoff, L.A. (2010), “Perceptions of safety and victimization :
does survey construction affect perceptions ?”, Journal of Experimental
Criminology, pp. 293–323.
Yokota, J. (2005), “Crush Syndrome in Disaster”, Japan Medical Association
Journal (JMAJ), Vol. 48 No. 7, pp. 341–352.
Zeng, W., Chen, P., Nakamura, H. and Iryo-Asano, M. (2014), “Application of
social force model to pedestrian behavior analysis at signalized crosswalk”,
Transportation Research Part C: Emerging Technologies, Elsevier Ltd, Vol.
40, pp. 143–159.
Zhang, X.L., Weng, W.G. and Yuan, H.Y. (2012), “Empirical study of crowd
behavior during a real mass event”, Journal of Statistical Mechanics:
Theory and Experiment, Vol. 2012 No. 8, available
216

at:https://doi.org/10.1088/1742-5468/2012/08/P08012.
Zhen, W., Mao, L. and Yuan, Z. (2008), “Analysis of trample disaster and a case
study - Mihong bridge fatality in China in 2004”, Safety Science, Vol. 46 No.
8, pp. 1255–1270.
Zhuang, X. and Wu, C. (2012), “The safety margin and perceived safety of
pedestrians at unmarked roadway”, Transportation Research Part F: Traffic
Psychology and Behaviour, Elsevier Ltd, Vol. 15 No. 2, pp. 119–131.
Zitouni, M.S., Bhaskar, H., Dias, J. and Al-Mualla, M.E. (2016), “Advances and
trends in visual crowd analysis: A systematic survey and evaluation of
crowd modelling techniques”, Neurocomputing, Elsevier, Vol. 186, pp. 139–
159.
Zohrabi, M. (2013), “Mixed Method Research: Instruments, Validity, Reliability
and Reporting Findings”, Theory and Practice in Language Studies, Vol. 3
No. 2, pp. 254–262.

217

Appendix A (Approval Letter to Collect Data)

218

Appendix B (Questionnaire and Consent Form)

Cover Letter of Questionnaire Survey
Dear Sir,

I am Mohammed Alkhadim, a Doctoral Research (PhD) student at School of
Environment and Technology (SET), University of Brighton (UoB), Brighton, UK.
I would like to invite you to take part in my research study by completing this
questionnaire. Before you decide to take part in this research, please take time
to read the following information carefully. It is important for you to understand
the purpose and the contents of this research.
This research project is part of my Doctoral Research titled ‘Risk Management:
the effect of perceived safety on user behaviour in crowded large space
buildings’. The purpose of this study is to provide a new insight into
interrelationship between the perceived safety and user (pilgrim) behaviour. Your
participation will involve answering the questions on the enclosed survey and
should only take about 15-20 minutes. Your involvement in the study is voluntary,
and you can choose not to participate or to stop at any time. This questionnaire
is completely anonymous and all information you provide will remain strictly
confidential. All the data will be secured and archived by the researcher, which
will be destroyed after 5 years.

I understand that this questionnaire survey contains questions related to my
experience, interaction and day to day use of the facility. I am also made aware
that this research project has been approved by the appropriate Hajj Authorities.
I give my consent and permission to the researcher to use anonymous excerpts
from this questionnaire.

Agree to participate:
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Please do not hesitate to contact me should you need any further information
regarding this research

Contact Details:

Please send your response to, and for further information about this study contact:

Main Researcher:
Mohammed Alkhadim
PhD Candidate [Built Environment]
E-mail: M.Al-Khadim@brighton.ac.uk
School of Environment and Technology
University of Brighton
Cockcroft Building, Lewes Road, Brighton East Sussex, BN2 4GJ. United Kingdom.
Phone: +44 1273642284.
Mobile: +44 7737664167

Research Supervisors:

Dr. Kassim Gidado (Principal Lecturer)

Noel Painting (Senior Lecturer)

Email: k.i.gidado@brighton.ac.uk

Email: N.J.Painting@brighton.ac.uk
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Background information
First: General Information:

1. Gender

Male

Female

2. Nationality ……………………………………………………………
3. Age …………………………………………………………………….
4. Educational level

Illiterate

Primary or High School

Bachelor

Higher Education (Master or PhD)

5. Spoken Languages ……………………………………………………
6. Are you suffering from high or low Blood pressure?Yes

No

7. Are you suffering from diabetes?

Yes

No

8. Do you Smoke?

Yes

No

9. Are you on medication?
10. How many times have you performed Hajj? ……………………………...
11. I performed Tawaf:
12. I performed the Tawaf:

Ifadah

Farewell

Individually

with Family

with group
13. At what level in the Holu Mosque

Ground Floor

did you perform the Tawaf?
14. Which day did you perform the Tawaf?

15. What time did you perform the Tawaf?

1st Floor

2nd Floor

Roof

10th

11th

12th

13th

14th

after 14th

Between Fajar and Zohar
Between Zohar and Asar
Between Maghrib and Ishaa
Between Ishaa and Fajar
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Survey A1: Perceived crowd force
From your experience about the Tawaf, please circle the number on the right
against each of the following questions regarding crowd force that best indicates
your opinion.
1
Sr. Questions

5

2

3

4

Disagree

Neutral

Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Strongly
disagree

Strongly
agree

There is uncontrollable
pushing from behind by
1

pilgrims during the Tawaf
which causes people
leaning against each other

2

3

People suffer from
breathing difficulties
I experienced people
suffocating
The level of crowd pushing

4

is almost impossible to
resist or control
Movement during the

5

Tawaf is restricted and
difficult

6

There is a feeling of crowd
pressure during the Tawaf

Survey A2: Poor information and communication
From your experience about the Tawaf, please circle the number on the right against
each of the following questions regarding information and communication service
that best indicates your opinion
1
Sr. Questions

Strongly
disagree

2

3

4

Disagree

Neutral

Agree

2

3

4

5
Strongly
agree

The information provided
1

to the pilgrims regarding
Hajj health and safety is

1

insufficient

222

5

The communication from
2

the police/security at the
Holy Mosque during Hajj is

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

difficult to understand
3

The signs at the Holy
Mosque are insufficient
The signs at the Holy

4

Mosque are not clear or
not useful
The warning signs and

5

messages to warn pilgrims
of any danger in the Holy
Mosque are insufficient

Survey A3: Insufficient space
From your experience about the Tawaf, please circle the number on the right against
each of the following questions regarding space that best indicates your opinion
1
Sr. Questions

5

2

3

4

Disagree

Neutral

Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Strongly
disagree

Strongly
agree

There is a very high
1

density of people on the
walkways inside the Holy
Mosque

2

There is a very high
density at the Mataf area
Numbers and distribution
of the stairs, escalators

3

and lifts are not suitable
or are inadequate to
accommodate the
pilgrims
There is a very high

4

density of people at the
entrances and exits of
the Holy Mosque
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In general, the space of
the Holy Mosque is not
5

adequate to

1

2

3

4

5

accommodate the
number of pilgrims
Survey A4: Poor time management
From your experience about the Tawaf, please circle the number on the right against
each of the following questions regarding time that best indicates your opinion.
1
Sr. Questions

5

2

3

4

Disagree

Neutral

Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Strongly
disagree

Strongly
agree

Waiting time at the
1

entrances to enter the
Holy Mosque is too long
Control of the inflow and

2

outflow of pilgrims at the
Holy Mosque is poor
There seems to be no
organised system that

3

manages the inflow and
outflow of the pilgrims to
the Holy Mosque
The real time
communication and or

4

intervention of the Hajj
Authorities in the event of
danger is very poor
In general, the waiting

5

time to use the facilities
at the Holy Mosque is not
acceptable

Survey A5: Possibility of stampede
From your experience about the Tawaf, please circle the number on the right against
each of the following questions regarding possibility of stampede that best indicates
your opinion.
Sr. Questions

1

2
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3

4

5

Never

Seldom

Sometimes

Often

happen

Almost
always
happen

Some pilgrims rushing to
1

kiss the black stone

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

during Tawaf
Some pilgrims move in
2

opposite direction at the
Mataf area
Some pilgrims perform

3

their Tawaf in the Mataf
area using wheelchairs
Wheelchairs have fallen

4

on escalators causing
blockage to the
movement of pilgrims

5

Some pilgrims sit on the
pathways and stairways
Some nationalities
perform the Tawaf in

6

large group holding
hands or arms with each
other at the Mataf area
causing blockages

Survey A6: Possibility of riot
From your experience about the Tawaf, please circle the number on the right against
each of the following questions regarding possibility of riot that best indicates your
opinion.
5

1
Sr. Questions

Never
happen

2

3

4

Almost

Seldom

Sometimes

Often

always
happen

Some pilgrims act
1

aggressively towards the
police resulting in

1

2

temporary blocking of the
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3

4

5

entrances to the Holy
Mosque
Some of police and
2

security personal act
aggressively towards the

1

2

3

4

5

1

2

3

4

5

pilgrims
Some groups of pilgrims
3

act aggressively against
other groups

Survey A7: Possibility of structural and mechanical failure
From your experience about the Tawaf, please circle the number on the right
against each of the following questions regarding structural and mechanical
failure that best indicates your opinion.
1
Sr. Questions

Never
happen

5
2

3

4

Almost

Seldom

Sometimes

Often

always
happen

High density of
people and
1

overloading of the
lifts and the

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

escalators at the
Holy Mosque
Failure of the
ventilation
2

systems in some
areas of the Holy
Mosque
Power cuts in

3

some areas of the
Holy Mosque

4

Fall and collapse
of parts or
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equipment or tools
during
construction work
at the Holy
Mosque
Survey A8: Possibility of terrorist attacks
From your experience about the Tawaf, please circle the number on the right
against each of the following questions regarding your perception of the risk
of terrorist attacks that best indicates your opinion.
1
Sr. Questions

5

2

3

4

Disagree

Neutral

Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Strongly
disagree

Strongly
agree

Poor security
1

checks at the
entrances of the
Holy Mosque
Absence of

2

security at the
courtyards around
the Holy Mosque
Absence of
security at the

3

Mataf area and at
the different floor
levels of the Holy
Mosque
Poor use of
modern security

4

systems (cameras
- body inspection
system)

Survey A9: Possibility of explosion (fire, chemical)
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From your experience about the Tawaf, please circle the number on the right
against each of the following questions regarding your perception of the risk of
explosion (fire, chemical) that best indicates your opinion.
1
Sr. Questions

5

2

3

4

Disagree

Neutral

Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Strongly
disagree

Strongly
agree

Too many electrical
1

cables laying around
randomly
Risk of fire outbreak
resulting from the

2

pilgrims using the
electrical sockets in
the Holy Mosque
Lack of visible

3

firefighting systems
in the Holy Mosque

Survey A10; Possibility of Natural Disaster
From your experience about the Tawaf, please circle the number on the right
against each of the following questions regarding possibility of natural
disaster that best indicates your opinion.
1
Sr. Questions

5

2

3

4

Disagree

Neutral

Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Strongly
disagree

Strongly
agree

Heat exhaustion of
1

some pilgrims as a
result of high
temperatures
Fainting of some

2

pilgrims resulting
from sunstroke

3

Lack of shaded to
the areas (too much
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exposure to the sun)
Lack of alternatives
4

to reduce high
temperatures during

1

2

3

4

5

1

2

3

4

5

the Tawaf
Risk of slips and fall
injuries after heavy
5

rains due to lack of
drainage and
slippery surfaces

Survey B:User behaviour
To what extent do you agree or disagree with the following statements
regarding behaviour during Tawaf? Please circle the number on the right
against each questions that best indicates your opinion.
1
Sr. Questions

5

2

3

4

Disagree

Neutral

Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Strongly
disagree

Strongly
agree

Some pilgrims act
1

aggressively during
the Tawaf
Bad pilgrim

2

behaviour leads to
safety risks
Some pilgrims lose
‘self-control’ when

3

they are performing
the Tawaf in
organised or pre-set
groups
There is a feeling of

4

cognitive anxiety
during the Tawaf

5

There are high stress
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levels during the
Tawaf
Survey C: Perceived safety
From your experience about the Tawaf, please circle the number on the right
against each of the following questions regarding safety that best indicates
your opinion.
1
Sr. Questions

5

2

3

4

Disagree

Neutral

Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Strongly
disagree

Strongly
agree

Performing the
1

Tawaf can be
dangerous
There is
overcrowding during

2

the Tawaf (exceeds
the capacity of the
facility)

3

4

There is a high
possibility of injuries
There is a high
possibility of fatalities
There is a high
possibility of accident

5

resulting from
damaged facilities of
the Holy Mosque
There is a high

6

possibility of falls,
slips and trips
There is a high

7

possibility of serious
incidents such as
trampling or
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stampede
The overall safety is
8

very poor in the Holy

1

2

Mosque
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3

4

5

Appendix C (Questionnaire on the iPad)
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235

236

237

238

239

240

241

242

243

244

245

246
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Appendix D (Muttawiffy Groups)
According to the Ministry of Hajj Classification
Muttawiffy groups

Muttawiffy_Turkey_Europe_America_Australia

Nationalities

Actual data collected

American

9

Australian

3

Belgian

1

British

10

Canadian

9

Danish

2

Djibouti

1

Dutch

2

French

5

Tajik

8

Turkish

88

Total

138
Iranian

Muttawiffy_Iran

89
89

Muttawiffy_South_Asia

Afghan

55

Bahraini

18

Bangladeshi

136

Burmese

4

Emirian

4

Indian

239

Nepalese

19

Pakistani

91

Qatari

10

Total

576

Muttawiffy_South_East_Asia

Bruneian

1

Chinese

13

Filipino

9

Indonesian

205

Singaporean

2

Thai

3

Total

233
Burundian

1

Cameroonian

1

Central African

27

Chadian

33

Muttawiffy_Africa
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Congolese

3

Djibouti

1

Ethiopian

10

Gambian

3

Ghanaian

10

Ivorian

2

Kenyan

5

Malian

11

Nigerian

70

Nigerien

36

Senegalese

3

Sierra Leonean

1

Togolese

1

Ugandan

2

Zambian

3

Total

223

Muttawiffy_Arab_Countries

Total

Algerian

46

Comorian

12

Yemeni

62

Egyptian

165

Iraqi

5

Palestinian

6

Jordanian

59

Kuwaiti

17

Lebanese

10

Libyan

1

Mauritanian

8

Moroccan

33

Omani

4

Saudi

115

Sudanese

97

Syrian

17

Tunisian

24
681
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Appendix E (Risk Assessment Sample for the Students)

Risk
assessment
Low,
Moderate,
High,
Extreme

What
further
action is
necessary?

Who might
be harmed
and how?

What are you already
doing?

Slips and
trips

Data
collectors
(Students)

All the students will be
located in safe areas also
they will be instructed not
to carry any bags or heavy
staff rather than the iPad
device

Low

None

N/A

Sun
exposure

Data
collectors
(Students

Data will be collected in
indoor spaces, shade
areas and the evening

Moderate

None

N/A

Hit by
moving
vehicles

Data
collectors
(Students

High

None

N/A

Crushed by
crowds

Data
collectors
(Students

High

None

N/A

What are the
hazards?

All the students will be
located in a safe area far
from any hazardous
vehicles
All the students will be
trained to avoid any
crowded areas
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Action
by who?
And
when?

Appendix F (Statistical Analysis)

Measures that are useful for establishing validity and reliability:
Reliability
•

CR > 0.7

CR: Composite Reliability

Convergent Validity
•

CR>AVE

•

AVE > 0.5

AVE: Average Variance Explained

Discriminant
Validity
•

MSV<AVE

•

ASV<AVE

MSV: Maximum Shared Squared Variance
ASV: Average Shared Squared Variance
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Force Factor Before Constraints: Example of one variable before and after
fit
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Force Factor After Constraints:
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